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ma Aco t 
396 t 447 


Hing H 
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Hind HW Sphi Pst! Salt Xba! Bam Hi Kon! Saci EcoRI (product 27-4949-01 ) 
Xena i 
Acel 


399 Srna | 450 


Hine ti 
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Bg! | 245 lacz’ 
Nar Hae Il 235 promotor 


Nde | 183 Hae {1 680 


pUC 18 and 19 
(2686 bp) 


Pvu | 2066 
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iT as there is no general answer to the question how long is a 
e of string, so there is no easy way of telling what a national 
phone network may be worth. That may be the most 
ritable excuse for the stratagems to which the British 
vernment has gone, in the past few months, for selling off 51 
‘cent of the shares in its nationalized telecommunications 
dustry, now trendily called British Telecom. Last week, after an 
advertising campaign intended to interest men in the street in 
‘becoming shareholders (and which must have done more for 
general business education than decades of formal education), 


“draft of the prospectus on which its shares will be sold on 28 
` November. The only missing ingredients in the prospectus are the 
es. price at which shares will be offered for sale, and the precise 
_ proportions that will be set aside for employees of the company, 
investors overseas and so on. Everybody isa little agog that on this 
0 ‘day, anything up to £4,000 million may change hands 
nly. 40 per cent of it will be payable on the nail). 
is every reason to applaud the government’s chief 





arketplace into the regulation of a gigantic 
m must persist- about its secondary objectives 
; mid y selling off its capital assets) and there are 
rave doubts about its methods. 
The laudable primary objective is now quite widely shared. 
< Only this- year, the US telephone network, AT&T, has been 
‘oken up into a number of smaller units, with geographically 
stricted monopoly ‘rights. The Japanese Government is 
dickering with similar schemes. Everywhere, monopolistic tele- 
‘ communications have become technically backward (or less tech- 
.. mically advanced than they should be) and commercial ly slothful. 
o Two. quite. separate tendencies have made the telephone 
_. monopolies indefensible. First, as experience in the United States 
< has shown, allowing small companies to offer “value added 
rvices’’ by renting trunk circuits from the monopoly and selling 
‘their use can benefit both the entrepreneurs and their 
omers..(The monopolies protest that these parasitic 
< middlemen are merely skimming the cream off their legitimate 
business, to which the answer is that they should design their 
“tariffs more intelligently.) Second, technology has often left the 
monopolies standing almost still and, in the past decade, with 
-satellite communications in particular, has begun to raise the 
“question whether telephone systems need now be the monopolies 
i that seemed inevitablein the days of Alexander Bell. The British 
vernment deserves some praise for recognizing that the time 
come for change. 
The British solution to the problem of the monopoly is at best 
_ half-hearted. There are three innovations. First, half of the 
— telecommunications will in future be owned by private investors, 
not the government. The chief practical consequence will be that 
British Telecom will in future be able to raise capital from private 
ces without embarrassing the Treasury by inflating what is 
d the Public Sector Borrowing Requirement (which will assist 
nical | Innovation). Especially because the government 
1i sed, in last week’s prospectus, not to vote its shares in 
ary circumstances, this change by itself is not a safeguard for 
rs of the network but, if anything, a device wherby the new 





































nother monopoly on the block. 


] his month’s sale of the telephone company British Telecom will not bring competition but may 
te government £4,000 million. The objectives are admirable but the methods are wrong. 


< British Telecom and its merchant bank last week published the, |. 
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against exploitation, there are two safeguards — a regu 
office (called Oftel) with powers to rule on complaints of 
competition which has yet to show its teeth (but they look. 
and a requirement imposed by the government that do 
telephone tariffs should not in the next five years increase by 
than two per cent less than the inflation rate (whi 
meaningless, because the new corporation is almost ce 
wish to finance a greater share of its development by borr 
than in the past). Third, there is a simulacrum of indepe f 
competition, a quite separate telecommunications network cal 
Mercury. 

The best that can be hoped for, in these novel circumstance 
that the competition will prosper. The worst possible outcome 
unthinkable, for the political trouble there would be if Merc 
should be in danger of collapse would have the government 
the Bank of England at its side in a flash. (Perhaps the mo: 
last week’s prospectus is to invest in Mercury, not B 
Telecom.) Meanwhile, the British Telecom prospectus ch 
reminds potential investors that the restriction of its tarif 
down by the government will apply to only 45 per cent: 
business. (To be fair, the rest includes international teley 
traffic, where competition is likely i in due course to be fie 
the sale of equipment, where it is already cutthroat.) 

Meanwhile, the question remains how much the business 
be worth. The government’s embarrassment is that there 
objective way of putting a value to its worth. The value 
income stream from a monopoly enterprise is not necessa 
related to anything but the decisions taken by individuals a 
what the profit should be. The value of the network’s asset 
calculated from the cost of providing them in the first place b 
abated by depreciation, may conceal as assets equipment 
inefficient that, in a competitive world, it would be thrown away 
One of the curious anomalies in last week’s prospectus is the b 
statement on depreciation policy, disclosing that British Telec 
reckons on an average life of between 6 and 20 years for its of 
Strowger electromechanical equipment, but a uniform ten. ve 
for new digital equipment. : 

The sale now arranged has inevitably an air of jitea 
Ultimately, what will matter is how much people are prepared 
pay for half of British Telecom. The best way to have found « 
would have been to put the shares on sale in dribs and drabs, ¢ 
exactly the pattern in which the government itself sel 
government stock. The way in which things have been arranged 
however, is certain to cause embarrassment. If the shares on offe 
are not taken up, the government will be laughed at. If on the 
other hand, the shares sell like hot cakes, it will be accused of 
having given away a public asset. It has only itself to blame. G 


Research competition | 


British universities had better. become 


knowledgeable about their research. 
THOSE who think that the long agony of the British academic : 
research enterprise must be coming to an end had better think. 
again. That is the simple lesson to be drawn from last. week’s 
Announcement by the Science and Engineering Research, Council 
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research institutions, from which it can withdraw support. The 
lan is to find things to drop by early next year, and no later than 
-Meanwhile researchers who may with gratitude have been 
to-retire from academic committees brooding on the 
f their universities will now find themselves sucked up into 
“round. of endless meetings, this time about research 
port. Before the dust has settled, there will be a great deal to be 
id on the important and daunting questions underlying the new 
und of enquiries. 
In the past few years, the much-vaunted British system for 
jpporting academic institutions, the dual-support system, has 
me to resemble a pair of millstones between which the research 
iterprise is being ground. Theoretically of course, there should 
iow be no immediate problem. The contraction of the universities 
5 come to an end, the British Goverment has been hinting that 
nceforth “level funding” will apply, while the government has 
strict monetary terms kept its prime minister’s promise (in 
980) that the civil research budget would be “‘protected’’. The 
ag is that constant budgets for the universities in present 
umstances imply a steady drain of 0.5 per cent a year in real 
sources, while the constant research budget (spent through the 
arch-councils) has now to cover a greater range of activities, 
luding payment of pensions to people whose services are no 
required. No wonder that the University Grants 
mmittee is threatening (but some will say promising) greater 
lectivity in support of particular universities, and that the 
arch councils are having to draw in their horns. 
l  this:in prospect, any sensible British university should 
ew simple protective steps. First, it should set up a research 
ttee to attempt to decide on its priorities. The inescapable 
for doing this is simply that the universities were told to do 
this two years ago, in the report of an investigation in whose 
tence the. grants committee had a hand. But there is also a 
hance that such an arrangement would give the universities a 
pacity which they at present lack for knowing and then for 
rstanding the range of research that their academics at 
sent conduct. (In passing, it might be acknowledged that part 
the trouble underlying British academic research in recent 
lecadés has been the indifference of universities to their own 
vements,) And there is no doubt that such an understanding 
be essential eighteen months from now, when the men from 
University Grants Committee set out with their scalpels. 
“be safe, however, universities should be careful to 
distinguish between academic research and the now fast-growing 
volume of industrial contract research carried out within 
universities (the once watchful eyes of the revenue authorities 
mporarily blinkered by the climate of the times). To say this is 
‘to echo old-fashioned notions about the relative merits, 
intellectual and otherwise, of the two kinds of activities but is 
ply to say that managing academic and industrial research are 
fferent activities, often calling for different people. And while 
eis every sign that the British Government (and thus, to some 
the grants committee) will applaud those institutions that 
na large proportion of their income from contracts, there is as 
yet no sign that the grants committee will relax its traditional 
andards of scholarship when choosing between the sheep and 
e goats. Moreover, that process cannot now be long delayed. 
‘or the institutions responsible for managing the impending 
lange, the grants committee and the research councils, the 
enefits of acting quickly are now overwhelming. The grants 
imittee wants to concentrate research at a smaller number of 
universities within a system accommodating as many students as 
at present, while the research councils must somehow shed a large 
proportion of their fixed overhead cost, that represented by their 
commitment to research institutes and the people there employed. 
nian ‘ideal world, they would put their heads together and 
recognize that their problems would more easily be solved in 
concert than separately. The only evil consequence would be that 
the goats (or is it the sheep?) among the universities would more 
-quickly know where they stand — and that a greater proportion of 
them would be wrongly classified. Such a recognition of common 
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Animal é crac cers 


Using the cloak of animal rightists’ groups to 


persecute people is wrong. 


in the pathology of personal vindictiveness, the way in which an 
unidentified resident of Pennsylvania has apparently set out to: 
damage Dr Robert Weinberg, a professor at the Whitehead 
Institute at Massachusetts Institute of Technology, breaks 
alarming new ground. Last month, researchers in Britain as well, 
as the United States were circulated with an anonymous notice, 
purportedly from an organization called the Animal Liberation 
Front, which uttered unspecified threats at those in cancer 
research who use animals in their experiments, but which singled 
out Dr Weinberg for having presented at Nature's September 
conference in Boston a paper supposedly encouraging painful 
animal experiments. The title of the paper was given’as ‘‘Neo- 
plasms as uncontrolled regenerative hyperplasia’, which will 
have seemed a little odd to the many who know -Dr Weinberg’s. 
work. To suggest that his activities entail more than the most 
marginal dependence on laboratory animals is, of course, 
laughable, which is the spirit in which the incident was reported a 
few weeks ago (Nature 4 October, p.401). 

Since then, the plot has thickened. Whoever circulated: the 
anonymous notice seems also to have been circulating scientific’ 
papers supposedly written by Weinberg. One curious feature of 
these documents is that they appear not to involve the kinds of | 
experiments with animals that would send the animal welfare: 
people into a frenzy. Weinberg has discovered that the fake paper : 
he was said to have read at the Nature conference (at which, in: 
reality, he gave a sober review of the recent molecular biology of. 
oncogenes) had actually been mailed to him, under different 
authorship, several months earlier (when it had been filed 
together with other crank cancer theories). More mystifying is a 
letter, apparently widely circulated, that purports to be a 
manuscript submitted to the New England Journal of Medicine 
which puts forward a proposal for the use of steroid hormonesi ine 
the treatment of breast. cancer, An accompanying note says that : 
the editors of the Journal would be grateful for comment. Again, 
there is no mention of the use of experimental animals. 

There are several lessons to be learned from this curious chain 
of events, not the least of which is the discovery of how easily.a 
researcher’s attention may be distracted by malevolent. and 
apparently pointless activity. It is, however, intolerable: that 
productive people should be thus preoccupied. The best. way to 
deal with nuisance mail of this kind is to tell the police, urge them 
to investigate and to forget about it all. That, unfortunately, is. 
easier said than done, as will be verified by anyone who has 
personal experience of knowing there is somebody nursing some 
kind of hate. The calculation that the anonymous ‘watcher is 
probably psychiatrically disabled is little comfort. Since. 
Weinberg has not been the only target of the anonymous 
nuisance-monger’s attention, it may be worthwhile that others ; 
affected should communicate with him or with Nature. 

Second, while there is no serious danger that a well-established 
reputation could be shaken by. the circulation of nonsensical. 
papers, there is every chance that people’s professional opinions 
could be altered in subtle ways by the circulation of, say, preprints 
masquerading as serious works. People should beon their guard 
against such dangers, unlikely though they may appear, 

The use of the slogan “Animal Liberation Front? on.some.of 
the communications from Pennsylvania points to another hazard 
— the danger that ill-considered actions by-people who. should 
know better will provide a cloak beneath which unwelcome allies. 
may have their fling. Of necessity, because it is a banner for-often: 
illegal activities, the Animal Liberation Front cannot be a formal 
organization,with a constitution and a membership list, The 
result is that anybody can join, gaining attention for private 
causes from the publicity that has been engendered by those. 
whose interest is to break into laboratories and animal houses. 
The hazard is one-of those attending the activities of all ter orist. 
organizations. however well-intentioned. ogee - 














US space research 







AN: enormous share of the US National 
Aeronautics and Space Administration 
“(NASA)’s space science budget may wind 





some initial assessments by scientists 
advising the agency. Peter Banks of 
anford University, chairman of a panel 
ooking into scientific uses of the station, 
said last week that $400-600 million a year 
might be spent by ‘‘code E” 
NASAspeak for its science budget — on 
 §pace station projects. The NASA science 
» budget is now $1,404 million, which goes to 
support both basic research, mainly at 
universities, and such major projects as the 
space telescope and the Venus Radar 
Mapper mission. 

The space station programme, which re- 
¿ ~: ceived official presidential approval last 

- January, will not be able to purchase 
scientific instruments or support research 
and analysis activities with the $8,000 mil- 
yn. tententatively approved for the 
et. All of .these expenses with 
‘be borne by code E. NASA 
y that $8,000 million will buy a 
basic manned module, two accompanying 
unmanned platforms, and an orbiting 

< manoeuvrable vehicle to transfer payloads 
from the station orbit to higher orbits. 

“9° Some scientists, particularly those in- 
soo’ terested in Earth observation experiments, 
-= csay that a single polar platform cannot be 

-$ large or flexible enough to meet their needs, 
|- which means that the potential cost savings 
“ftom sharing power supplies and com- 
munications equipment on the space 
station platforms will not be realized by the 
science budget. NASA appears to be re- 
“sisting suggestions that a flotilla of small 
platforms be built in place of the large 
_ platform. 
“NASA has just sent out its request for 
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Space station threat to 
Science spending 


proposals for initial design studies of the 
station, and the specifications include the 
two large platforms. Contractors for the 


initial design work will be chosen on I April | 


next year. (John Hodge of the space station 
programme told Banks's committee this 
summer that the large platforms provided.a 
more ‘‘unified’’ approach to the 
programme and would be well suited for 
commercial projects, such as manu- 
facturing in space.) 

Despite such concern, space scientists 
are reluctant to criticize NASA’s space 


station plans. The frequently heard argu-| 


ment is that, because the space station is 


going to be built in any event, the best thing | 


scientists can now do is to offer their full 
support. In that way, they can hope to in- 
fluence some design details to ensure that 
some good science can be carried out. 

Burton Edelson, director of the Office of 
Space Science and Applications, told the 
Space and Earth Sciences Advisory Com- 
mittee last week that, because his office had 
been ‘‘supportive’’ of the space station 
over the years, it had already been able to 
make the project ‘‘more suitable’’ for 
science. He said there would not have been 
unmanned platforms at all if it were not for 
his office’s advocacy. 

At the same time, some say that there are 
great political pressures on the NASA 
science programmes to make use of the 
space station, which is seen by many as long 
on engineering and short on purpose. The 
same reservations were expressed, to a 
lesser degree, about the role of science in 
the shuttle programme. The Office of 
Space Science and Applications is spending 
13 per cent of its current budget on shuttle 
projects. 

The Banks committee, significantly, was 
not asked to decide whether scientific 
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activities could better be carried ont 
station, but only what activities could 
carried out on it. It seems agreed that t 
space station Opens up some new 
bilities but most of the experiments Jis 
by Banks’s committee, and by the S 
Science Board in a separate study 
clearly be done as well if not better witho 
the station, ae 
Some relief for the science bud; et 
come from abroad. NASA adn 
James Beggs has been pushing ar 














$2,000 million respectively. There 
talk of the foreign contributions goin 
second polar plattorm. 
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Paris 
OFFICIALS representing Hubert Curien 
Heinz Riesenhuber, the French | 
German science ministers, last week h: 
answer for the Franco-German decisio 
site the European Synchrotron Rad 
Source (ESRS) at Grenoble. 

On Friday in Brussels, they’ met 
opposite numbers from the-s 
European states under the auspi 
European Science Foundation (ESF) 
gress committee” which — ace 
least to Denmark and Italy — 
gathering and evaluating site: 
Instead, the committee was fac 







































ments had of the ‘‘decision’’ — ex 
press reports — came in a joint let 
Curien and Riesenhuber only o 
last week, too late for official reac’ 
Friday. What may now emerge is a 
ment between France, Germany, B 
and Italy to which the smaller stat 
notably those of Scandinavia, mig! 


Denmark, clearly the most hurt is unwil 
to participate. The Netherlands is 
playing cool. i 

Meanwhile, Britain, which Frane 
Germany dearly want as a partner, wh 
strongly backing the Grenoble site, has, 
money to offer, and may enter only wi 
observer status ‘‘or something betwe 
that and full participation”. The. Fren 
certainly are not keen to see ESRS start up 
as a purely Franco-German institute, as the 
Institut Laue-Langevin was before 1967 

And why did France and Germany (and 
in effect the United Kingdom) ignore the 
ESF progress committee? Because ith 
too low a political level, say. French 
sources, and would have been. unable to _ 
trade one facility for another. This, finally, 
is what France and Germany: did with 
ESRS and the trans-sonic wind tunnel, now : 































































rope in space 


leas for European collaboration in the 
d space station have won hearts and 
nds in Italy. The Italian minister of 
earch, Mr Luigi Granelli, was in London 
Friday to persuade the faint-hearts of 
1¢ British Government that they should 
ontribute some £40--50 million a year from 
» For Granelli, Europe’s only future 
in space. ‘‘We’ve fallen behind in elec- 
cs and in biotechnology; we just can’t 
fford to fall behind in space as well.” His 
n government appears to agree. But 
in is still counting its pennies. 
r Granelli’s enthusiasm may yet work 
ceptical London the magic it has 
rked in Rome. Earlier this year, seeking 
ease in the budget of the ‘‘national 
ce plan”, Granelli told his cabinet 
leagues that they should either cut the 
al 50,000 million lira (£20 million) 
o nothing, or increase it four-fold. 
üld have been a waste to continue 
ng just the 50,000 million lira’’ he 
last week. The Italian cabinet seems to 
ed, to have pulled down their 
ind taken a walk in space with Mr 
Ili. From this summer, Italian space 
ng has.risen to 150,000 million lira, 
reach 200,000 million lira next year 
box). Italy’s contribution to the Euro- 
n Space Agency (ESA), at present 
million lira, comes on top. 


ety in numbers 

E increased Italian space budget is 
stly to’ be spent on technology, but 
y astronomers may just benefit. The 
age includes approval for a 
hase-B’’ detailed design of an X-ray 
satellite (SAX), Italy's first, due for launch 
he end of the decade. Italian 
momers have been seeking outside 
ollaborators on instruments for SAX 
ch ‘already, according to some 
servers, has too many small instruments 
orated to satisfy this or that hungry 
up of Italian astronomers. 
ternational collaboration could 
retch SAX further. Discussions are now 
ta critical stage with Dutch high-energy 
istronomers, but Britain and West 
many have been occupied with their 
boration in the German-designed 
ISA T. Now, however, Italy may face a 
oblem with the Dutch Government, 
has set its face against further satel- 
ites after last year’s infrared satellite IRAS. 
Apart from SAX, other items on the 
alian agenda include ITALSAT (a tele- 
mmunications satellite) IRIS (a Space 
uttle upper-stage that would put SAX in 
orbit), TSS (a tethered ‘‘satellite”’ to hang 
in the atmosphere 100 km beneath the 
Shuttle) and LAGEOS, a geodesy satellite 
(also launched by an IRES-Shuttle 
‘ambination. Robert Walgate 
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NEWS 


italy treads Columbus path 


Granelli urged the same argument last 
week on British industry and information 
technology minister Geoffrey Pattie. 
Granelli is convening the first ministerial 
meeting of ESA since 1977 in Rome next 
January to plan Europe’s response to the 
US invitation. He hopes that British 
ministers will not be dragging their feet. 

Europe needs ‘‘coherence’’ and ‘‘a 
vision” in the face of the National Aero- 
nautics and Space Administration 
(NASA/)’s plan to begin detailed design of 
the space station (phase B) on 1 April, 
1985, and to start construction in January 
1986. A series of bilateral arrangements 
with NASA would be dangerous, he 
believes, so he seeks a 70 per cent increase 
in the ESA budget in the period 1986-91. 

The Italian vision, shared by West 
Germany (see Nature 25 October, p.696) is 
that of Columbus, and adjunct to the space 
station consisting of a manned laboratory 
(developed from Spacelab), an experiment 
platform and a control module. But 
Granelli, statesmanlike, says he is more 
interested in principles than details. There 
are as many technical proposals for col- 
laboration as there are space technicians in 
Europe, he admits. Whether or not Europe 
builds Columbus matters less than that the 
old continent should safeguard ‘‘our 
standing and negotiating power with the 
United States’’. 

In Britain, the issue appears to be 
whether Europe should plan a truly in- 
dependent manned capability in space (as 
seems to be the view in Italy, West 
Germany and France), almost without 
counting the cost, or whether the approach 
should be more gentle. Nevertheless, it is 
stressed in London that ‘‘Britain wants to 
do something European’’. There are fears 
that mainland Europe is beginning to write 
off Britain as a potential partner. Collabor- 
ation in the space station may be a test. 

The effect of all this on the space science 
programme is cloudy. Granelli said last 
week that he did not know what would 
happen to the recommendation that ESA’s 
mandatory space science programme 
should increase by 40 per cent by 1990, 
mostly for astronomy. 

In Britain, cabinet sources suggest that 
cash for any space station collaboration 
should come out of ‘‘a political pocket’’, 
leaving existing space sciences unaffected, 
but Granelli is not so sure. ‘‘When you talk 
of science, you must think beyond the 
existing community of space users,” 
Granelli was thinking of ‘‘science in zero- 
gravity’’ — materials processing and so on. 
But he added that Earth scientists and 
astronomers now using space through ESA 
should not ‘‘in principle” suffer, although 
“someone has to make a choice in the 
end.” So something may be sacrificed on 
the altar of thespace station. : 





Anglo-French cooperation 


New guise plea 
FRANCE and Britain should set up a joint 
foundation with the aim of linking uni- 
versities and industry, the French Presi- 
dent, Francois Mitterand, told the British 
Parliament last week. A new idea? No. But 
each time it pops up it takes a slightly 
different shape, and each time Britain 
knocks it down again. 

The idea first surfaced in Edinburgh two 
years ago, during a meeting of the largely 
commercial Anglo-French Council, when 
the research director of the French oil and 
chemicals company Elf-Aquitaine pro- 
posed a joint research and development 
planning agency. This was to be heavily 
weighted towards industry, and was to 
devise more projects like the European 
Airbus. 

That plan died until Robert Chabbal, a 
director at the ministry of research in Paris, 
transformed it into a proposal for a series 


of bilateral science and technology. 


seminars. These have taken place — but” 
between France and Sweden, and France 
and West Germany, rather than with 
Britain. The British view is that France has 
gained more than Sweden or West 
Germany from the meetings so far. 


Meanwhile, the science counsellor at the | “i 


French Embassy in London has been trying 
to convince his British colleagues that some 
kind of collaborative structure should- -be 
established between Britain and France, « 
but without much success. The French view 
is that collaborations move best beneath a 
well-defined governmental ‘‘umbrella 
agreement’’. The anarchic British, 
however, say there are already plenty of 
routes for collaboration, and therefore no 
need for new structures. 

President Mitterrand’s intervention may 


have been stimulated by the suggestion.by |: 


British science minister Peter Brooke, at 
the Council of Europe last month, ‘that 
Europe should establish an international 
science academy. The French consider that 
this may be a sign of enlightenment in 
Britain, perhaps even a basis for their own 
idea of a science-industry forum. 

The British are still reluctant, however, 
and suspicious that France merely wishes 
to tap British invention. They may be right. 
M. Guy Denielou, president of France’s: 
only technological university (Compiègne) 
said last week that he fully approved of an 
institution such as Mitterrand had pro- 
posed. 

“Of course, | would hope to. be a 


customer” he said. ‘British research is too... 


big for British industry... All yourideas get 
taken up in America or Japan.” It would 
be a good thing, said Denielou, if British 
science could feed some ideas into French 
industry.as well. The same thing could also 
happen in reverse, he said. But the sus- 
picious feeling in Britain, rightly or 


wronely, is that the traffic would workout ©. 









Chinese nuclear power 





Tokyo 
THE chief obstacle to an atomic energy 
= > sooperation. pact between China and 
Japan; the unwillingness of China to 
permit verification of non-military uses, 
-o seems likely to be removed in the coming 
` weeks. China is now apparently prepared 
-tovallow some sort of inspection of nuclear 
‘plants supplied by Japan to be carried out 
under the supervision of the International 
omic Energy Agency (IAEA). 
The-exact form that inspection will take 
‘not, however, clear. On the Japanese 
, Michiyuki Isurugi, minister of state 
for the Science and Technology Agency, 
“was willing only to say that Japan had 
received a ‘new proposal’’ in response to 
its wish, repeated over four rounds of talks, 
« that China accept supervision by [AEA or 
provide other concrete means of guaran- 
teeing peaceful use of atomic energy 
facilities. Isurugi did, however, express 
confidence that he would be able to travel 
to Beijing in the next few weeks to sign a 
pact. The Chinese side seems to have been 
rather more forthcoming, according to an 
article in the Asahi Shimbun claiming that 
officials in Beijing had stated they were 
w willing to allow IAEA inspection. 
Earlier this year, Japan had received 
mises that China would allow ‘‘good- 
will’ visits of Japanese experts to 
Japanese-built plants in China. This was 
‘enough for Mitsubishi to go ahead, with 
government encouragement, and win a 
Y¥1,500 million ($6.3 million) contract, 
against strong French and West German 
competition, for pressure vessels (using US 
“Westinghouse technology) for one of 
China’s first nuclear reactors. But lack of a 
full cooperation agreement was thought by 
the nuclear industry to hinder its compe- 
tition with the French, West German and 
British companies that have joined the rush 
to build nuclear power stations in China. 
Much is at stake, for China is the last 
“major nation without any nuclear power 
“generating facilities and has committed 
itself to installing 10,000 megawatts of 
capacity — a minimum of ten reactors — 
‘by 2000. US companies, whose home 
market has dried up, should be the 
strongest in the field, but are for the time 
being sitting on the sidelines, waiting for 
~~, the US-China nuclear cooperation agree- 
< ament announced last April to be approved 
by (or at least submitted to) Congress (see 
Nature 309, 657; 1984). France, Italy and 
Brazil have already signed nuclear agree- 
ments with China — although none is so 
“sive as that signed by West Germany 
arid the Soviet Union has also indicated 
willingness to sell reactors to China, 
parently without assurances on strictly 
lon-military use. 
Meanwhile, construction has begun in 


hina on two: nuclear plants, one of 300 
eoawatts at Oinchan near Shanohai 













































NEW k oo 


_ Japan sets sights on business 


which will use a Chinese-designed 
pressurized water reactor (PWR) with 
pressure vessels supplied by Mitsubishi, 
and the other with two 900 MW PWRs near 
Canton, which will supply part of its power 
to (and be partially financed by) Hong 
Kong. Final contracts for the second 
reactor have not yet been awarded but dis- 
cussion has reached an advanced stage with 
Framatome of France for the reactors and 
the General Electric Company of the 
United Kingdom for the turbines. 

Two more power stations are in the 
offing: one near Shanghai and a second in 
the northern Liaoning province. If. US 
activity remains frozen, contracts for one 
of these could go to West Germany, to 
judge from Chancellor Kohl’s optimism 
during his recent visit to Beijing. 

When the US presidential election is 
over, though, the United States-China 
atomic energy accord is expected to be 
given high priority. If US companies get 


Atmospheric chemistry 


Preparing for crises ahead 


Washington 

CITING “essential unanswered questions” 
about changes in the Earth’s atmosphere, a 
US National Research Council panel has 
proposed a long-term international study 
of tropospheric chemistry, to be led by the 
United States. At a public meeting here, 
panel members agreed on the need to 
understand basic atmospheric processes in 
order to provide sound advice to policy- 
makers and to avoid ‘‘crisis responses’’ to 
environmental problems. The panel’s 
chairman, Robert Duce of the University 
of Rhode Island, said the proposed 
“Global Tropospheric Chemistry 
Program” could by the end of the century 
allow the impact of atmospheric changes to 
be anticipated. 

Several panel members conveyed a sense 
of urgency about. the unknown effect of 
documented atmospheric changes. Ralph 
Cicerone, the panel’s vice chairman, said it 
was ‘“‘shocking’* how little is understood 
about cycling of atmospheric constituents, 
Dr Jerry Mahiman of the National Oceanic 
and Atmospheric Administration, an inde- 
pendent supporter of the programme, drew 
attention to increasing atmospheric levels 
of trace gases, especially methane, which 
could have an effect on temperature 
“equal to or greater than’’ carbon dioxide 
and which ‘‘can be expected to cause a 
20°C cooling of the stratosphere within 
two. or three human lifespans’’. Mahlman 
said nobody knows why methane levels are 
rising and that ‘‘we ought to find out’’. 

The research council panel had been 
convened at the request of the National 
Science Foundation and the National 


Aeronautics ang- Space Administration. «| 
























































back into the field, competition. will. 
much more intense, But Japanese: man 
facturers still fancy their chances, becau 
they have the best operating efficie 
record in the world and believe China wi 
go for reliability. 

US commentators, on the other. han 
have quoted Chinese officials assaying that 
they want to learn from the ‘‘teacher, n 
the student’? — virtually all of Japan 
nuclear technology is derived from U 
designs, China is, however, almost cert; 
to distribute its contracts among © th 
advanced ‘nations both to encourag 
throat competition and to ensure that it 
always ride out a sudden. worsenin 
relations with one or more of its suppli 
Nor can.the apparent willingness of | 
to allow inspection of Japanese pl: 
regarded as a signal. that simil 
cessions will soon be made to the U 
States. Last April, when the possibilit 
“goodwill” inspection came. up, 
Chinese said they were taking into. acco 
Japan’s unique position as theo 
country in the world to have been hit 
nuclear weapons. Alun Anders: 





The proposed study was generally 
comed, but there were some rese 
about the apparent dominat 
supposedly international progr 
the United States: the Global Tropos 
Chemistry Program is seen as a 
component of the International Geos; 
Biosphere Program recently approved 
principle by the International Counci 
Scientific Unions (see Nature 4 Octobe 
p.402). Henning Rodhe, professor 
chemical meteorology at the Universit 
Stockholm, pleaded for a genuine: int 
national effort and reminded the largely 
US audience that ‘‘there is some atn 
pheric chemistry outside the Uni 
States”, ; 
The new programme would in its early 
stages concentrate on developing ne 
instrumentation and classifying ecologic 
habitats by their effect on the tropospher 
Later research would focus on biologica 
sources of tropospheric constituents, 
global distribution of trace gases, studies 
photochemistry and investigations 
removal processes. New global’ models 
would incorporate scavenging and 
chemical reactions in cloud droplets.” 
There has so far been no serious‘attem 
at costing, but, according to one. ‘ve 
crude”’ estimate, the $10-20 million speni 
annually on tropospheric chemistry inthe 
United States would need to be doubled to 
get the programme started. Detailed 
proposals are to be drawn up at a series of 
workshops organized by Dr Cicerone. But 
the panel acknowledged the difficulty of 
persuading Congress to support a. pro- 
gramme unlikely to produce useful results 
‘within 10-vears. Tim Beardsley. 














































shington 
National Cancer Institute (NCI) 
yntinues to defend its “‘achievable’’ goal 
‘halving US age-adjusted cancer mor- 
lity by the year 2000, first announced (to 
‘eat dramatic effect) before the US Senate 
ypropriations committee in April this 
year. But NCI has yet to make public any 
detailed justification for this claim, and its 
asibility has been questioned. NCI plans 
publish a full description of its year 2000 
amme in 2 or 3 months, after review 
he National Cancer Advisory Board. 
Since 30 per cent of the 440,000 deaths 
m cancer each year in the United States 
© attributable to cigarette smoking, all 
ree that curtailing smoking is crucial. 
cr $ rovisional estimate is that it should 
tovhalve lung cancer mortality by 
y. preventive measures alone. But 
are doubts whether NCI can achieve 
er-cent reduction in smoking over 
ten ‘years to 1990 needed for this target. 
ac government agency, NCI is 
nted from lobbying for what is 
iown tobe one effective means of 
g- smoking: higher taxes on cig- 
ttes. NCI’s weakness on this score was 
derlined i in the summer, when Congress 
to lower cigarette taxes as part of a 
promise that included strengthening 
health warning on cigarette packets. 
€ same reason, NCI cannot take a 
tion on, for example, banning cigarette 
tising or restricting smoking in public 
es, And NCI’s own advertising efforts 
limited to free ‘‘public service’’ air time 
nated by radio and television stations 
amphlets distributed in physicians’ 
ait g rooms. The emphasis is on helping 
those who want to stop smoking, 
ther than encouraging confirmed 
smokers to reform. 
enif smoking could be halved by 
success in halving lung cancer by the 
the century would be far from 
id. While. smoking appears still to be 
reasing among males, there are signs 
iat it is: increasing among females, and 
ch reductions i in smoking as there have 
ecent years have been restricted to 
her socioeconomic classes. In order 
ach the target, the NCI programme 
Id have to be effective among the 
heavier smokers who are most at risk 
he hardest to convert, according to Dr 
Jigginson of Universities Associated 
esearch and Education in Pathology. 
r Lewis Kuler, director of the 
lépartment of epidemiology at the 
iversity of Pittsburgh, goes further, 
saying that the year 2000 goal on lung 
ancer will be achievable only if a chemo- 
eventative agent is discovered for treat- 
ment of those who have stopped smoking. 
The target is defended by Dr Joseph 
én of NCL. The institute is about to 
rk on large-scale intervention trials 








US half-rate goal in dispute 


that will include 10 million subjects over 5 
years, designed the better to define how to 
persuade people to stop smoking. There 
will be a special programme for high-risk 
groups, and physicians will be trained in 
anti-smoking counselling. Cullen predicts 
that NCI will extend its influence with 
policy-makers and the media, and that the 
continuing shift in public attitudes will be 
helped by, for example, boycotts against 
magazines that carry cigarette advertising. 
Cullen will not be drawn on how NCI will 
get around the statutory limits on its 
authority except to say that more federal 
and state funds will have to be used. 
Smoking aside, NCI plans to achieve a 
further 15 per-cent reduction in cancer 
mortality by the year 2000 by ensuring full 
public access to state-of-the-art treatment. 
Dr Peter Greenwald, director of NCI’s 
division of cancer prevention and control, 
says this target makes no allowance for 
advances in treatment yet to be discovered 
or for earlier detection, but that it is based 
on treatments now at the stage of clinical 
trials. On top of the reduction due to 
improved access, Greenwald anticipates 
another 15 per cent reduction due to 
improved treatment of micrometastases; 
he points to experimental treatments using 
monoclonal antibodies targeted at specific 
oncogene products. While acknowledging 
that the figures might be disputed by a 
conservative statistician, Greenwald 
stresses the importance of having. goals. 
Others doubt whether these dramatic 
predictions can be defended. While more 
widespread screening programmes could 
markedly reduce breast cancer mortality 
(possibly by up to 30 per cent), and perhaps 
cervical cancer also, the other major killers 


seem stubbornly resistant to improved | 


treatment. Kuller says he ‘‘would have 
difficulty being convinced” that these 
improvements are in prospect without 
further major advances in early detection. 
Tests for cancers of the gastrointestinal 
tract, for example, are still much needed. 
Perhaps the most controversial element 
of NCI’s year 2000 plan is the goal of 
reducing mortality by 5 per cent by 
changing eating habits. While inter- 
population comparisons indicate that up to 
35 per cent of cancers may be caused by 
dietary factors, the precise components 
involved are not known, Despite the small 
number of studies of fibre intake and 
cancer, NCI’s director, Dr Vincent DeVita, 
told the Senate Appropriations Committee 
in April that a doubling of fibre intake 
could reduce colon cancer by 30 per cent by 
the year 2000, NCI also now believes that a 
reducing fat consumption will help. 
Others are not so sure: Kuller says the 
5 per cent target “could be wishful 
thinking”. In 1982, the National Academy 
of Sciences concluded that it was 


~impossible to quantify the likely effect-on: 


Cancer 








incidence : dietary. chansi: 

Higginson believes the efféct of diet on 
cancer incidence: in adults ‘has been 
exaggerated, and points out that the 
reductions in fat consumption seen in 
recent years, which have had a marked 
effect on heart disease, have so far failed to 
have the effect on cancer incidence that 
would be expected according to the simple 
dietary hypotheses, thus making the 
overall NCI target even less realistic. 

Tim Beardsley 





European environment 
Hopes to 
reform farming 


Brussels 

THE European Community may be about 
to mount a vast new programme of 
research and development in agro- 
chemicals. That, at least, is what. will 
happen if the commissioner for environ- 


‘ment and internal market affairs, Mr Karl-" 


Heinz Narjes, gets his way. Ata conference 
in Dublin two weeks ago, Mr Narjes argued 
that pesticides and fertilizers have had an 
undesirable effect on the environment, and 
that the time has now come to encourage 
technical innovation to yield more selective 
but less persistant pesticides. 

The environment commissioner has 
been trying for some time to persuade his 
colleagues in the commission that environ- 


ment policies should be integrated witho- 


others, and with agricultural policy in par- 
ticular. Formally, this principle is written 
into the current action plan on the environ- 
ment. Now there are signs that the member 
states are coming round to Mr Narjes’s way 
of thinking. 

Mr Narjes is not anti-farmer. Instead,” 
his aim is that agriculture should continue 
to profit from the use of chemicals without 
putting an intolerable burden on the 
environment. In Dublin, he was pleading 
for more work on the toxicology. of pesti- 
cides, allowance for regional and national 
differences of cultivation techniques and a 
training programme for farmers. 

Within the Community, the Dutch 
Government has already advocated the use 
of European Community funds to protect 
the environment linked to farming in less- 


favoured areas. Meanwhile, the United 


Kingdom, backed by Ireland, has been: 
urging that Community agricultural funds 
should be made available to farmers for 
“environmentally friendly actions’’. : 
The outlook for Community regulation.» 
of agricultural pollution seems less bright, 
however. Member states have been unable 
to agree on a list-of acceptable. pesticides 
since 1976, while proposals for maximum 
permitted levels of pesticides in foodstuffs 
have been. gathering dust since 1981. Mr 
Narjes seems bent on circumventing the 
regulatory log-j “jam by tackling the problem 
atsource. Anna Lubinske 
















Up to 25 per cent. of recorded weather 
information: fails to. reach the Soviet 
Union’s Hydrometeorological Scientific 
Research Centre, the new director, 
Aleksandr: Vasil'ev, has told an Izvestiya 
correspondent. The interview is also the 
first. indication ‘that Vasil’ev had been 
romoted from his former post as deputy, 
us generating speculation that his pre- 
or, Dr Mikhail Petrosyants, had 
missed. for. failing to forecast the 
ane which caused widespread 
astation in the Russian Federal 
ublic on 9 June. 
The storm, apparently caused by a 
arm dry: airstream from the eastern 
diterranean meeting a cold airstream 
rom the Barents Sea, has cost the Soviet 
Union upwards of 120 million rubles ($150 
million) in restoration work, compensation 
© and insurance. Devastation of houses and 
“production facilities’ is reported from 
Ivanovo, Gor’kii, Kalinin, Kostrona and 
“Yaroslavl as well as in the Chuvash repub- 
oo Jie with an unspecified number of deaths. 
CLA special resolution of the party central 
committee and the Council of Ministers to 
od the damage done by ‘‘a natural 
‘passed in mid-July. 
hurricane was followed 






















































flooding i in thë Baikal area in mid-June, a 
hurricane in the Volynia district in Western 


Amur basin “complicated by Typhoon 
Holly” in late August, But in these cases, 
although there was considerable damage to 
agriculture and: production schedules, 
¿some warning seems to have been given. In 
the case of Ivanovo, however, there was 
; apparently no warning. 
= Reliable weather forecasting is par- 
“ticularly important to the Soviet planned 
agriculture, where the logistics of sowing 
nd harvesting are determined regionally. 
loreover, Soviet meteorologists still have 
‘live down the memory of last autumn, 
: when the unexpected onset of severe 
-Weather left more than 40 ships of the 
-Arctic mercantile fleet stuck in the ice. 
“In the event, the new icebreaker Leonid 
Brezhnev extricated the vessels, The Soviet 
¿opress at the time stressed the valuable 
lessons learned for future Arctic 
navigation, which may be why the northern 
> navigation season has been ended several 
weeks earlier this year. But Pravda. also 
noted a year ago that Arctic weather was 
= mot by itself “guilty” of causing the 
nergency, and that all those responsible 
the ships’ presence in the ice so late in 
ason should share the blame. Coming 
few months later, the Ivanovo 
may well have made it necessary 
ological service to offer a 
d, at65, Petrosyants is 
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Ukraine in mid-July and flooding in the | 
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E olts from out of the blue 


But is Vasilev justified in blaming the 
problem on poor information flow? The 
question is pressing because of the new 
drive to extend the use of “‘improved’’ 
land, which has to be made fit for agricul- 
ture by either irrigation or drainage. Last 
week’s central committee plenum admitted 
that all is not well with the much publicized 
food programme, launched by Leonid 
Brezhnev only in 1982, and ‘‘further 
measures’’ were urged by Mr Chernenko 
including a major extension of irrigation 
and the bringing in of virgin land, in Soviet 
Central Asia. River diversion projects, 
allowed to lapse during the Andropov era, 
seem on the way back. Yet even the most 
optimistic planners admit that such 
schemes can only yield the projected 
harvests if every drop of irrigation water is 
carefully husbanded. Failures in weather 
forecasting could have serious results. 

The Soviet meteorological service 


Corporate research 


Monsanto goes for independen 


St Louis, Missouri 

THe Monsanto Chemical Company’s new 
$150 million Life Sciences Center in 
Chesterfield, St Louis, opened this week 
and will employ 1,200 scientists, engaged 
mainly in basic biological research, by 
1987. About one third of the scientific 
budget of the company is earmarked for 
biotechnology research, and Richard 
Mahoney, Monsanto’s chairman, is pre- 
pared to invest $25-$75 million before 
seeing a return in the marketplace, at least 
ten years from now. 

The first commercially-produced bio- 
technological product will be a bovine 
growth hormone (methionyl bovine 
somatotropin, MBS) which will increase 
milk yields by 15~20 per cent, thus allowing 
farmers to reduce the sizes of their herds. 
But the blue-suited Monsanto managers 
are most proud of their company’s 
commitment to basic research, in which 
they claim now to be self-sufficient. The 
basic biology of the MBS development had 
to be contracted out to Genentech, 

Monsanto will, however, continue 
supporting university research pro- 
grammes, including the 5-year $23 million 
collaboration with Philip Needleman’s 
group at Washington University (St 
Louis). Here, the discovery in the 
mammalian heart of atrial peptides affect- 
ing sodium balance and smooth muscle 
tone (Science 223, 67; 1984) has led to 
current investigations of the role of these 
peptides in human blood pressure control. 

Rooftop greenhouses and 123 “growth 
chambers” at the new institute are the two 
most visible signs of the company’s invest- 
ment in plant genetics and physiology. In 
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extending its earlier work on 





huge boost to basic biological research 






appears to have the technical mean 
maintains a union-wide network. 
weather-watch stations, including. ‘out 
posts’’ such as that on Franz Jozef L 
and a fleet of weather ships, which not 
participate in forecasting programmes bu: 
also attempt to correlate Soviet weathe 
conditions with such factors as. the chan 
of sea temperature in the northern Pacifi 
As early as 1970, experiments were um 
way with networks of automatic recor 
stations which would feed. data au 
matically into a computer. aai 
Reliable weather forecasting is al 
of the main justifications. for ‘the S 
space programme, while the expo 
meteorological equipment and the tr 
of operators form an important part 
Soviet aid programmes to. deyelo 
countries. Vasil’ev’s suggestion, that 
not the information gathering bi 
information transmission system: w 
at fault, is one to which the State Co 
mittee for Hydrometeorology a 
Environmental Control will no doubt t pa; 
attention. Ver 






























































bacterium Agrobacterium tüm 
may eventually confer characteristic 
as insect or disease resistance arid inc 
seed production; now Mons A 


(Science 223, 838; 1984). to pet 
tomato. The commercially attract 
of expressing genes in monocotyledo 
plants is, however, well advance 
European laboratories; altered . 
tumifaciens plasmids can be expressed 
asparagus (see Nature 311, 594; 1984) anc 
plants of the Liliaceae and Amaryllidaceae 
families (Nature 311, 763; 1984). > 

At last. week’s opening ceremony, Fra 
Press, president of the National Acad my 
of Sciences, endorsed Monsanto’s resear 
investment, but warned of the dangers: 
an imbalance between federal and ind 
trial research spending. (Industry. n 
spends more on basic research.). 

Press attacked the government practic: 
of supporting work by a single investigato) 
in a single department, and ‘stressed. 
need for a different basis for the US gran 
system. Monsanto is ideally placed to mak: 
the massive financial investment need 
for a multidisciplinary attack on scienti 
problems and says it intends to:continuc 
publishing its research promptly in: the 
scientific literature. 

It claims to have learned froin’ p 


Institutes of Health guidelines for recom: 
binant DNA research and preaching t 
benefits of biotechnology research to the 
public. So long as it remains open about it 

work in this highly competitive area, this 
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spanish universities 

















arcelona 

ANISH universities are in a state of 
eaval. The effects of last year’s Law for 
niversity Reform are making necessary 
important changes in the structure of 
universities, affecting in particular the 
teaching staff, the number of departments, 
1é Statutes of the universities and their 
trol. 

‘Just before the end of the academic year, 
leps were taken to reduce the number of 
rofessors under contract and to give some 
f them tenure (see Nature 308, 395; 1984). 
‘commissions were appointed for each 
iscipline, which then decided who 
ified for permanent positions. The 
sults now published show that around 
,000: out of 8,000 candidates qualified, a 
rtion that the Ministry of Education 
eves accurately reflects the situation. 





ount Wilson Inc. 
shington 
CALIFORNIA industrialist has formed 
‘orporation to take over the Mount 

Ison observatory. The present owner of 
A ‘Wilson, the Carnegie Institution of 
shington, which also operates the Las 
mpanas observatory in Chile, 
ounced this summer (see Nature 15 




































keep both sites and will shut down 
ount Wilson on 1 July 1985 unless a new 
ner can be found. 

‘he new corporation, called the Mount 
Vilson: Research Corporation, was 
ounded by George Roberts, who made his 
ortune designing and manufacturing 
ircraft lavatories. His company, INCA 
‘orporation, also made the zero-gravity 
vatory for the space shuttle. 

The corporation has no funds as yet, but 
opes to raise an endowment of several 
ion dollars, earnings on which will 
vide the basic annual operating costs 
he observatory. Foundations and indi- 
uals are being approached for 
tributions. 

According to Dr Arthur Vaughan, one 
_of several research astronomers associated 
ith Mount Wilson who are involved in 
toberts’s effort, the corporation is talking 
o universitiės and organizations such as 
e Smithsonian Institution and the Jet 
‘ropulsion Laboratory about entering into 
consortium. 

faughan said that the aim is both to 
intain an in-house research staff at 
Aount Wilson and fo serve the needs of 
utside researchers. To that end, all 
rincipal investigators would be involved 
“managing the use of the facility. The 
dard of directors is to be made up of non- 
‘astronomers who will be concerned largely 
with the financial health of the corpor- 
i Stephen Budiansky 





eforms beginning to work 


gust, p.88) that it can no longer afford’ 








The results varied considerably between 
the different commissions, and although 
there was no obvious difference in the 
quality of the candidates, acceptance rates 
varied between around 50 per cent and 
more than 80 per cent. Those not selected 
are preparing to do political and legal 
battle. There will be more positions next 
year, and the situation of university 
professors will have changed profoundly in 
a period of only two years. Some people 
fear the long-term effects, particularly 
because the number of students is be- 
ginning to decrease and there is a danger of 
saturation of university positions soon. | 

The statutes of universities will have to | 
be adapted to the new regulations. All | 
universities have been asked to make pro- 
posals, and these will have to be approved 
by the government. The body in charge 
of this task is the General Assembly 
(Claustro) which includes professors, 
students and administative staff. In some 
universities, conflicts have arisen between 
diverging interests. 

An important change in the structure of 
universities, which will be reflected in the 
new statutes, is the definition of university 
departments. There is widespread 
agreement that the present departments are 
too small and too numerous, having mostly 
been built around a single professor. It is 
hoped that the new regulation will 
stimulate the concentration of people, 
administration and equipment in order to 
build up more efficient structures. 

From now on, departments should have 
a minimum number of professors (twelve 
in the latest version of the law), and a full- 
time professor as the head of department. 
Normally, there should be only one depart- 
ment in any subject in a single university. 
The names of the departments should in 
principle correspond to areas of knowledge 
defined by the ministry. In some cases, 
these regulations may cause problems, for 
instance in medicine and engineering 
faculties where many departments have 
mostly part-time professors or in depart- 
ments where the members are physically 
separated or working in very different 
research subjects. In any case, the power 
of full professors (‘‘Catedraticos’’) will 
probably be diluted in these bigger 
departments. 

The most important change is that the 
national government is transferring 
control of the universities to the 
autonomous governments of the different 
regions of Spain. Agreement to hand over 
the universities to the Government of 
Catalonia has already been reached. But 
strong differences still exist about the 
amount of money to be transferred and, as 
a consequence, the process is ata standstill. | 
The government hopes that this period of | 
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upheaval will result in more dynamic 
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Star wars killings? 


Washington 

ALTHOUGH almost all of the $1,300 million 
budgeted this year for the Strategic. 
Defense Initiative (star wars) is committed. 
to research projects that have been under 
way forsome time, defence contractors are 
already sensing a kill. “The Department of 
Defense has budgeted $24 billion over the. 
next five years for the Strategic Defense 
Initiative’, reads an announcement from 
the American Society of Mechanical 
Engineers (ASME). ‘‘Will you find a place 
in this state-of-the-art cornucopia — 
expected to be a greater undertaking than 
the Apollo program?”’ To help them out, 
ASME is sponsoring a day-long seminar in 
Washington in mid-November, featuring 
briefings from key defence officials to 
show “how to get in on the ground floor”. 
The admission fee is $245 a head. 

The only new funds to come out of the 
star wars programme so far are $6 million 
to be awarded for an initial ‘‘creative effort: 
to develop methodologies for defining. 


alternate architectures”. Proposals are due 
by 1 November; it is expected that more 


than one contractor will be chosen, The 
winners will be asked to ‘develop: the 
strategic defense mission’’, considering 
both ‘‘treaty constrained and uncon- 
strained threats’’, and to study various 
“candidate” anti-ballistic missile tech- 
nologies. Stephen Budiansky 





Balzan prizes 





PROFESSOR Jan Hendrik Oort of Leiden _ 


University in The Netherlands (above) has 


won this year’s Italian Balzan Prize for 
astrophysics. The genetics prize has been | 


awarded to Sewall Wright (95), professor: 
emeritus in the Universities of Chicago and 


Wisconsin. The winner of -the: prize for 
history and criticism of the literatures is 
Professor. Jean Starobinski of the Uni- 
versity of Geneva: 

Each of the winners will receive 250,000 
Swiss francs. In 1985, the three prizes will 
be awarded for mathematics, palaeonto- 
logy and history of occidental art. i ee 
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orth Sea pollution 


West Germany calls for action 


Brussels 
West Germany faces other North Sea 
-< coastal states-in-Bre. en this week with 
demands to make headway in the next two 
years on marine pollution and improved 
“monitoring: of the ecosystem of the 
“valuable fishing grounds of the North Sea, 
“oParticipating in the International Con- 
ference on the Protection of the North Sea 
are. ministers from the coastal states 
elgium,. Denmark, France, the Nether- 
Is, Norway, Sweden and the United 
gdom),. from whom West Germany 
pes to extract a political commitment to 
'y and strengthen existing international 
‘onventions. The European Economic 
‘ommunity is also invited. 
The North Sea‘is at present covered not 
yy one but by several international con- 
‘ventions governing the protection of the 
marine environment from pollution from 
< -land-based sources (Oslo, Paris), from 
“pollution by oil (Bonn) and from dumping 
(London). Not all have been ratified. 
The West Germans stress the danger of 
“‘Jatent chronic pollution (accumulation of 
‘chemicals) as well as more directly visible 
lution such.as oil. They are particularly 






























er: river estuaries and mud- 
feeding grounds for fish 


ii 
The discharge of dangerous substances 
through inland and coastal waters is con- 
trolled by the 1974 Paris Convention. In 
1976, the European Community also 
adopted a framework directive on emission 
standards for industrial waste discharges, 
‘but-so. far only. limits on mercury, 
‘cadmium, polychlorinated biphenyl 
wastes, waste oils and lindane (last June) 
. have been adopted, out of a list of 129 
dangerous. substances, 
i According to Greenpeace, the envi- 
nmental pressure group, 1,120 tonnes of 
cadmium and 1,000 tonnes of mercury 
tinue to flow annually into the North 
Sea. Twenty-three million tonnes of toxic 
“sludge end up.in Rotterdam harbour. 
~~ Some 11 million tonnes of largely un- 
‘treated sewage sludge also end up in the 
North Sea, with the result that algal growth 
in.the North Sea has increased considerably 
«Over the past 5-10 years, according to the 
West Germans. 
The West German proposals also include 
ä system for licensing wastes, discharges, 
“and international information exchange on 
the quantities discharged and requirements 
that the pollution load should be reduced. 
tothe beginning of this year, West 
rmany introduced a domestic system of 
for..pollution of the North Sea. 
ording to the West Germans, there is 
finite need for further action, including 
‘orcement and an extension of the 
onventions... They also propose 









































bout the ecological sensitivity. 





North Sea be designated asa. 


special area, that sea dumping should be 
reduced and eventually dropped. The 
European Community is preparing a 
directive banning the dumping of black- 
listed substances and limiting others. 

To combat oil pollution, West Germany 
proposes a region-wide system of airborne 
surveillance, improved cooperation in port 
state control, more use of deep-sea pilots’ 
services and greater compliance by drilling 


rigs with rules the oil content of effluent. 


West Germany also wants to extend 
research and development programmes to 
include more biological monitoring and the 
sampling of more. substances. The Paris 
Commission (the secretariat of the Paris 
Convention) already monitors mercury, 
cadmium, polychlorinated biphenyls, oil 





from refineries and reception facilities an 
drilling platforms as well as radioactiv: 
effluent from processing plants. The Com 


munity intends to start monitori 
titanium dioxide wastes next year. We 
Germany suggests that all this informat 
should be collected in an internation: 
database. 

Community support for the Wes 
German proposals is important, if onb 
because Community directives are bindin 
on member states, whereas conventi 
enter into force only when ratified. 
therefore unfortunate that, in the case 
the draft. directive on accidental mai 
spills of oil and other dan 
substances, now under discussion, : 
Germany, together with  Belgiur 
Denmark, the United Kingdom. an 
France, feels that a Community directiv 
neither ‘‘necessary nor desirable”, 

Anna Lubin 








No canker cure from China 


Washington 
US DEPARTMENT of Agriculture (USDA) 
scientists working to combat the citrus 
canker now rampant in Florida (see Nature 
27 September, p.293) are frustrated by a 
ban on new agricultural science exchanges 
with China. The US scientists were hoping 
to use a symposium planned for this month 
in China as an opportunity to collect new 
citrus. germ plasm, possibly including 
canker-resistant strains. But the symposi- 
um has now been called off, and re- 
searchers are wondering whether the ban 
will be lifted in time to plan a visit for 1985. 
The ban was ordered a year ago by the 
under secretary of agriculture for interna- 


tional affairs, Daniel Amstutz, in retali 
tion for a Chinese decision to cut imp 
of US grain, breaking a contract. At th 
time it seemed likely that China woul 
suffer more from a ban than the Unit 
States. The Chinese action was in t 
retaliation for US limits on textile im 
Southwest China is believed. to 
region where both citrus plants an 
canker originated, according to 
Hearn of USDA’s horticultural 
laboratory at Orlando, Florida. / 
and Chinese scientists last year. exchan: 
plant materials of interest, ‘but “cil 
canker had not then appeared in the Uni 
States. Tim Beard: 











Whaling 


Japan pleads to carry on 


Tokyo 

THE Japanese Government is to try again 
to persuade the United States not to 
retaliate if Japan breaks the whaling quotas 
set by the International Whaling Com- 
mission (IWC) earlier this year (see Nature 
18 October, p.595). Talks will be held in 
Washington on 1 and 2 November between 
the director-general of Japan’s Fisheries 
Agency, Hiroya Sano, and John Byrne, 
director of the US Department of 
Commerce’s National Oceanic and 
Atmsopheric Administration. Earlier 
attempts to reach agreement ended in 
failure on 16 October. 

As a result, the Japanese sperm whale 
coastal fishing fleet (owned by the Nihon 
Hogei and Nitto Hogei companies) put to 
sea on Friday 19 October. By the following 
‘Wednesday, however, before they had had 
a chance to catch a whale, the four boats 
were ordered to return home to give new 
talks a chance of success. 

IWC set this year’s sperm whale catch 


‘quota at zero, in the absence of agreement 
Japan, 


among the member countries.. 





which had been expecting a. minimu 
quota of 400, vital to keeping its coast. 
industry going, thus considers it has. be 
unfairly victimized by pressure: fro 
conservationists elsewhere. 

The Antarctic Ocean minke whale quo 
was also cut, this time on a scientific recor 
mendation, to a level that would give Jap: 

a share amounting to 1,941 whales —so 
600 fewer than the number at whi 
Nippon Kyodo Hogei, Japan’s only fa 
seas whaling company, says it can susta 
commercial operations. The company is 
not yet abandoning whaling, however, and 
its mother ship, the Dai San Nisshin Maru, 
set sail from Yokosuka for the Antareticon 
Saturday 27 October. It hopes. thatan _ 
agreement can be worked out with the” 
United States before it reaches its catch 
quota around next Januery. 

If the United States stands firm, then the 
Packwood-Magnuson amendment will b 
invoked if. Japanese boats break the IWC 
rulings. Japan’s fishing quota in the United 
State 200-mile zone could then begut to 
Alun Anderson 


































































eascale hazard 

=< The letter from Pomiankowski 
ure 13 September, p.100) raises two 
which he considers introduce doubts 


~The first concerns the appropriate index 
on which to rank the occurrence of lym- 
phoid malignancy in the 675 electoral 
ds of the Northern Children’s Cancer 
Registry region. The suggestion is that the 
rt was incorrect to include a table 
wing the wards with the highest 
incidence rates per 1,000 children, and that 
instead the associated Poisson proba- 
ities would have been more appropriate. 
is important to recognize that these two 
‘figures are not simple alternatives, 
ce they measure different aspects of the 
ase frequency. The rate per 1,000 is 
lirect measure of the proportion of 
hildren under 15 years of age registered 
ith lymphoid malignancy over the period 
68-82, which gives 9.73 per 1,000 in Sea- 
ale -calculated on the basis of a total of 
four cases during the 15 years and the 1981 
s population. The cumulative 
n probability, on the other hand, is 
measure of the chance of finding the 
ed rate (or an even greater one) if the 
Ather than the estimated) local ward 
te were the same as the overall regional 
te of 0.61 per 1,000. 
The first index is an assessment of the 
ge risk of a child in the area develop- 
lymphoid malignancy before 15 years 
of age, whereas the latter is an indication of 
how unlikely it is that the raised rate in Sea- 
le could have occurred by chance under 
particular hypothesis. Each of these 
indices has its role and importance. In the 
ase Of a small-sized population and a small 
mber of cases, the observed rate is 
bject to sampling fluctuation — and the 
associated Poisson probability helps to 
assess the size of this. Both figures are 
ereforé informative and are given in the 
port. It is not true, however, to refer to 
latter as representing the ‘‘incidence’’ 
ymphoid malignancy — as was done by 
Mr Pontiankowski. 
we second point concerns two child- 
od cases of lymphoma in Seascale 
istered since 1982. It is said that the 
clusion of these from the calculations of 
rates and Poisson probabilities is ‘‘dis- 
rbing’’. The figures given in the report 
were provided by Dr Craft and his col- 
gagues from the Northern Children’s 
cer Registry for the years 1968-82. At 
the time (late 1983/early 1984) when these 
figures were being prepared, it was too 
early to include comprehensive cancer 
egistrations beyond 1982 over the whole 
Northern Region since there is inevitably 
some delay in the notification of cancer 
cases to the regional register and, thus, in 
availability of complete annual records 
‘or inclusion.in analyses. For this reason it 





ORRESPOND 


is premature to consider the effect of these. 
two cases — known about because of the 
special attention to the village — on the 
ranking of Seascale: it remains to be seen 
whether or not further cases of lymphoid 
malignancy have moved other small 
communities up into higher rankings, 
either of rates or probabilities. No doubt 
Dr Craft and his colleagues will do this in 
due course, and make further assessment 
of the situation possible. 

M.J. GARDNER 
MRC Environmental Epidemiology Unit, 
(University of Southampton), 
Southampton General Hospital, 
Southampton SO9 4XY, UK 





id + x 

Defining length 

sir — On 21 October 1983, the Comité 
International des Poids et Mesures (CIPM) 
promulgated a new definition of the metre 
as: the length of the path travelled by light 
in vacuum during a time interval of 1/299 
792 458 of a second!. This new definition 
raises some fundamental and practical 
problems. 

At the fundamental level, one must 
reformulate Einstein’s second relativity 
postulate: “Light is always propagated in 
empty space with a definite velocity which 
is independent of the state of motion of the 
emitting body’’?. For Einstein, this was an 
empirical fact. Now, this has become a 
definition and the corresponding empirical 
fact is that the length of a solid body 
depends neither on its spatial orientation, 
nor on the inertial frame where that body is 
at rest. (For example, in Michelson’s 
celebrated experiment, the length of the 
arms of the interferometer did not change 
as that instrument was rotated or as it was 
carried by the Earth in an orbit around the 
Sun.) It is easy to derive the Lorentz 
transformation law from the above 
postulate. 

On the practical side, this new way of 
defining length implies that there must be 
two synchronized clocks at the extremities 
of the measured object, in order to 
determine the corresponding time interval. 
As synchronization is best performed by 
light signals’, this effectively means that in 
order to measure the length of an object, 
one ought to observe the round trip time of 
a light signal and divide the result in two. 

Moreover, the return trip of the light 
signal must follow precisely the path along 
which the signal was sent. This is because a 
closed path surrounding a nonvanishing 
area (with a suitable set of mirrors) yields a 
result depending on the direction of travel, 
if the body being measured rotates. The 
difference in travel time (clockwise versus 
counterclockwise) is? 

t = 4wA/c’, 
where w is the angular velocity and A is the 
surrounded area. 

If this effect is ignored (the round trip 
rule is not even mentioned in the CIPM 
recommendations!) the circumference of 


the Earth at the Equator is 123.9m longer if’ 








measured eastward than if measured 
westward. 


ASHER PERES 
Department of Physics, 
Technion~Israel Institute of Technology, 
32 000 Haifa, Israel 


i, Giacomo, P, Am. J. Phys. 52, 607-613 (1984). 

2. Einstein, A. Ann. Physik 17, 891-921 (1905). 

3. Landau, L. & Lifshitz, E. The Classical Theory of 
Fields, 282 (Addison-Wesley, Cambridge, 
Mass., 1951). 


Red Sirius 


Sik — The recent correspondence (Nature 
6 September, p.8) concerning the colour of 
Sirius reminds me that in the ancient 
astronomy of Iceland, the star was called 
Loki’s Brand, obviously because of its 
periodic disappearance into the 
“underworld”, but also because of its 
flaming colour. This apparent colour- 
naming is therefcre not just a Greek 
phenomenon, bu! something which 
doubtless has considerable significance. 
NIGEL PENNICK 





142, Pheasant Rise, 
Bar Hill, Cambridge CB3 8SD, UK 
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Mount Wilson costs 
SIR — Your report (Nature 15 August, 
p.88) on the Carnegie Institution’s plans to 
sell the Mount Wilson Observatory under- 
states the scientific importance of this 
facility and overstates its operating costs. 
The $1.56 million budget for Mount 
Wilson. listed in the Carnegie Financial 
Report -— apparently your source for this 
figure — includes all astronomers’ salaries, 
fellows’ salaries and support operations 
both for Mount Wilson and for the Las 
Campanas Observatory that Carnegie 
operates in Chile. A California consortium 
hoping to operate Mount Wilson asked the 
director to estimate operating cost for 
Mount Wilson alone. A detailed estimate, ~ 
made by our business manager, ‘was 
produced: $0.75 million per year. This 
includes the fraction of all engineering and 
support services spent on Mount Wilson, 
but of course not those devoted to Chile. 

Many individual. astronomers and a 
number of organizations within and out- 
side the United States have inquired about | 
obtaining all or part of Mount Wilson 
Observatory. The reason is that it is: an 
excellent site for stellar and solar 
astronomy. Your implication that: this 
work is less exciting than -extragalactic 
astronomy simply reflects a bias, one that is 
certainly not shared by all astronomers. 

At the recent (October 1984) European. 
meeting on solar physics, the: current. > 
Mount Wilson solar and stellar research 
was described as vital, and 4 resolution was 
adopted urging that all possibilities for its 
continuation be explored. 

DOUGLAS DUNCAN 





Mount Wilson and 
Las Campanas Observatories, 
813 Santa Barbara Street, 


Pasadena, California 91101, USA 
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7 _ from Erhard Keppler 


RECENTLY, there have been talks between 
the US space agency, NASA, and various 
European governments in which the 
merican side has aimed to reach agree- 
t: with European countries to share in 
the proposed US Space Station project, in 
articular its costs. 
‘The space station is supposed to be a 
large facility in a near~equatorial Earth 
bit, about. 300 km above the surface. It 
could be composed of many smaller units 
`: launched separately but docked together in 
space. Such units may, according to 
NASA’s futuristic view, reach dimensions 
of hundreds of metres in length. One 
“possible configuration of such a station isa 





.<dong tube, bent into the circumference of a 


¿wheel with spokes towards a centre for 
stabilization and finally put into slow 
Fotation t to aea P forcesi in: the 


ng from T persons at the 
beginning to perhaps 100 some years later. 
The first. station would, according to 
ONASA plans, become operational in about 
1992, and could (again according to NASA 
_. statements) serve either as an operational 
o base for launches of Shuttle-launched 
spacecraft into other orbits, as an Earth 
observation station or possibly as the first 
stage towards a ‘production facility in 
“space. These are the essentials of the argu- 
“ments put forward in support of NASA’s 
i space station, the costs of which are estab- 
-lished to be about $11,000 million in the 
lext-eight years. 
ecause of the uncertainties attending 
h projects, these cost estimates may 
easily grow to remarkable numbers, as has 
~ been shown during the development of the 
_ Space Shuttle. NASA's offer to the 
Europeans is then to participate iri the 
development and manufacture of a space 
station within a cost-envelope of several 
< thousand million dollars. 
¿The offer has put Europeans in a dif- 
_ ficult position. First, Europeans, who had 
“their first experience of manned spaceflight 
only recently in the first Spacelab flight, are 
unable as yet to make a sound judgement as 
the benefits of this endeavour especially 
as the second opportunity for a Spacelab 
flight.is not due until 1985. In any case, 





ndous costs per flight, now more 
DM100 million (£25 million). At the 
am ime, itis to be assumned that the US 
ill not support an eventually succes- 





enuribers of flights are ruled out by the | 
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Can Europe avoid the Space Station? ~ 


: The European nations could easily be tempted into a very expensive alliance 
with the United States to produce a space station. But is it worth it? 


science by providing them further support, 
frequent flight-opportunities, for 
example. 

Second, Europeans are afraid that the 
United States may eventually achieve a 
major success by using their space station 
commercially (for satellite launches, 
production and so on) so giving US 
industry better conditions by, for example 
low charges, so that European companies 
might be put at a competitive 
disadvantage. Thus it may turn out that 
two-step launches (from ground to a space 
station and froma space station into 
geostationary orbit) are much cheaper 
than direct ascents. Then European 
space companies would have no chance to 
compete with US companies in the vital 
communications market. But such appre- 
hensions have no real basis; they are 
games in sandboxes. 

Third, the conglomerate Europe has so 
far not been able to find a common strategy 
in space research and space technology. 
European space efforts are rather the sum 
of some countries’ space efforts or bilateral 
agreements. 


The case against 

What should Europeans do in this 
situation? What are they able to do? The 
following are some of the conditions that 
must be dealt with, and the consequences 
which must be considered. 

@ One remarkable argument for the US 
Space Station, analogous to European 
apprehensions, is based on the irrational 
fear that, because the Soviets may build a 
space-station and so gain advantages 


denied to the United States, the United 


States should also build one just in case. 
© The Space Science Board of the US 
National Academy of Science has rejected 
NASA’s plans for the space station, 
which military sources consider unduly 
vulnerable. 

è Many European scientists reject the 
space station because it is scientifically un- 
interesting and because they are afraid 
that the high costs associated and with its 
development and operation will draw away 
resources which are urgently required for 
more reasonable research. 

So what have we gained so far from 
manned spaceflight? What is the prospect 
of a firm and solid basis on which to move 
further in this. particular direction? 
Interestingly enough, the most frequently 
heard word in this context is ‘‘probably’’, 
as in its frequent assertion. that the 
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of a space station, as well as the 
logical/medical sciences and, last of 
also the Earth observing sciences. _ 

Astrophysics is, however! ten 
excluded because the required accura 
observations, demanding constancy 
viewing direction, is unattainable fr 
space station, which will alway: 
from vibration due to the motio 
astronauts, from impacts of dust and 
particles of meteoritic origin and fro 
thermal tensions and relief. Astrophysi 
as well as Earth-observation. techniques 
can, however, live perfectly: well i 
unmanned spacecraft, specially ‘because 
such missions should preferably exten 
over many years and be carried ‘out in 
eccentric or polar orbits that will always 
forbidden to manned missions becau: 
the radiation load that astronauts w 
suffer. 

Materials science is said tobe. 
candidate customer. Materials. sci 
have just started to investigate the 
of reduced gravity on various 
elementary processes, which aré:cel 
of high. scientific interest. But at t 
stage, there is not even the faintest hint 
it will be necessary to have produc 
facilities in space. Semiconductors, 
example, can be made sufficiently wel 
the ground; neither crystal imperfections 
due to growth under gravity nor co: 
tamination have so far prevented the 
industrial production of microproces 
or large memories. There are other limi 
of course, but there are also oth 
interesting technical possibilities. whi 
may become the starting point for a 
technological pathways that are perfec 
well pursued on the ground. Studies under 
zero gravity may in any. case. | 
satisfactorily continued on rocket flights r 
from unmanned satellites. The recovery o 
probes from such spacecraft is a we 
proven technique, widely used in military 
applications. There is no justificati 
whatsoever to mount a costly ni 
programme on such evidence. 

Finally, the interest of biology in zero 
gravity conditions has greatly lost. its 
attraction in the past few years, Indeed. 
space medicine flourishes largely because : 
there are astronauts. 

Much of the enthusiasm for the manned 
space station as a zero-gravity laboratory 
seems to stem from ignorance of what has — 
already been achieved. The new: “‘spa 
science discipline’ of materials science 

carried on by scientists who have: 
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o not know about the ingenious robots 
gned over the years by hundreds of 
entists to investigate stars, planets, our 
Sun or the Earth’s atmosphere. Automatic 
'f-controlled sequences. (such as opening 
anc oven, removing a melted sample, 
replacing it by another, closing the oven 
id repeating the procedure) do not have 
o: be invented afresh. Such simple tasks 
ave been possible for many years. 

A physical experiment provides answers 
othe question for which it was designed. If 
‘answer is negative, another experiment 
will beset up in order further to attack the 
roblem. The rule is that other questions 
ave to be asked after certain answers have 
been acquired. It is a fiction to believe that 
uch experiments require the presence of 
ople; If the question asked by an experi- 
nit.is clever enough, the answers will be 
es’ or “no”. To design such an experi- 
tal set-up so that it will not be disturbed 
ternal: measures is a challenge to the 
nd imagination of the experimenter. 





e very presence of astronauts in a space 
on requires extraordinary efforts. 
lore than half of the cost of the develop- 
nent of Spacelab could have been saved if 
stems: had been unmanned. But for 
ned systems, the effort will always be 
ter than is really necessary, for nobody 
take responsibility for endangering 
le’s lives. Efforts of this kind are con- 
ed with the number of subsystems and 
“redundancy, with their reliability, 
th the selection of materials (beginning 
th: their’ outgassing performance) and 
endless functional tests, the com- 
lexity of which is a nonlinear function of 
heir number. The very size of the system 
uires an enormous amount of testing; 
he Spacelab Manual, for example, is 
everal thousands of pages thick. 
The requirements of reliability, and the 
lection techniques and materials, result 





tems, including instrumentation. But 
ordered: to the necessary high 
dards of reliability have prices higher 
3y factors of 100 than those of com- 
mercially available parts. Many are only 
vailable inthe United States, where they 
are produced mostly for military purposes. 
contrast, unmanned satellites can now 
“built at relatively lower cost, taking 
vantage of the improved reliability of 
dern electronic circuits, even those 
nufactured commercially. Indeed, the 
e of the Space Shuttle, a manned trans- 
ting. system, as well as Spacelab, a 
manned facility, has in fact inhibited 
levelopments that would have led to lower 
osts: Experiments flown on Spacelab, if 
hey had flown on unmanned satellites, 
could have cost a fraction of what was paid 
_ for them. 

But unmanned spacecraft can be 
launched by Ariane, the European 
juncher, the development of which would 





xtremely high costs for all on-board: 
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the Space Station, which will require thë 
exclusive use of the Space Shuttle. 

Moreover, European participation in 
the US Space Station would require 
European industry to use the expensive 
electronic parts made in the United States. 
As for the major part of the job, the life 
support system, European companies 
would have to build their share under 
American licences. The chief develop- 
ments for European industry in such a par- 
ticipation could well be the production of 
screws and the bending of sheet-metal into 
interesting shapes. 

In contrast, the development of 
unmanned space stations would force 
Europe to become more independent from 
the United States and could bring about the 
development of important technologies 
that are at present not available in Europe, 
perhaps not anywhere. This does not mean 
that joint efforts with the United States 
should not be sought. In the past, they have 
been fruitful, in many cases. But we should 
not move towards such cooperation on a 
space station. 

There is no problem in constructing 
spacecraft in modular principles so that 
subsystems can be removed from the out- 
side. Such repair can be performed by 
robots as easily as by men in space. Indeed, 
robots would be able to perform such 
repairs in any possible orbit — polar, 
eccentric or geostationary. There is no 
argument in favour of manned operations 
from the “‘repair’’ point of view. 

Indeed, a recent study at Massachusetts 
Institute of Technology has recognized 
that robots, controlled according to 
anthropomorphic principles, may be the 
most promising route to future space 
techniques. This development was started 
20 years ago when K. Kleinwachter in West 
Germany built such a system (called 
“Syntelmann’’). There would have to be 
commodious communications links to 
send commands to a robot in space, 
supposedly to perform some operation. 
The robot may, for example, have a 
simulated arm. On the ground, a person 
would do the same experiment, when 
sensors monitoring the motion of the 
person’s arm would relay appropriate 
commands to the robot and cause it to do 
exactly the same thing: opening a box, 
moving something, turning it. Such devices 
are also required on the ground, for 
operations in toxic environments, for 
example. 


Opportunity 

With this starting-point it would be tempt- 
ing to develop, for example, unmanned 
spacecraft to support zero-gravity 
research. All the investigations required at 
this stage of the research could be 
accomplished in such a way. It would be 
necessary to develop sensors to generate 
images in all parts of the electromagnetic 


spectrum, from X rays to the far infrared, 
Soas not to increase bit rates necessary in. 


such as on-board image evaluation, pattern. 






















































recognition, redundancy reduction in’ 
information and the improvement of error 
detection. and error-correcting codes for 
information transfer would be needed. If — 
Europe, recognizing the enormous 
potential generally of such developments, 
were to move into such a direction, this. 
would not only stimulate a broad field. of 
scientific research (including for example, — 

artificial intelligence by the application of 

the concept of associate memories) but © 
would also require from industry products 

of high technological standard. The result 

would be to push European science and 

technology far ahead of where they are now 

— far beyond what participation in a space 

station programme might yield. 

So why should Europe move along the 
dead-end route of the US Space Station? 
All experts agree that it would indeed be'a 
dead-end. It is true that the idea has 
generated much science fiction — colonies 
in orbit, on the Moon or on other planets. 
But there is no possibility that: we will be 


able to live on any other planet in the Solar ~ 
System, or onan asteroid or On the Moon. - 
There is no air to breath while gravity isless 


than on the Earth, with possible con- 
sequences for human physiology. Neither 
the Moon, nor Venus or Mars have strong 
magnetic fields, so that their surfaces are 
bombarded by the full intensity of the 
cosmic radiation. The Moon has no atmos- 
phere, that of Mars is dilute, so ultraviolet 


radiation and X-rays penetrate to the . 


ground at high intensity, These two 
environments are a terrible threat to life. 
Venus has dense layers of ice clouds (from 
sulphuric ‘acid) in its atmosphere, and 
almost 100 bar pressure at the surface, so it 
is dark and hot there; life would require 
permanent protection. Mercury is also 
extremely hot, and the outer planets are dark, 


_as on Earth after sunset. So the dreamis of: 
pure = 


life on other planets are unreal, 
fiction. We will stay on this planet. Why 
not accept that? 

Is it not possible for a continent with the 
tradition. of Europe, with its ability and 
with more than 300 million people, to stand 
on its own? Why not break with the trad- 
itional policy of imitating what is being 
done in the United States and, instead, 
move jointly ina promising direction which 
has been. chosen deliberately by argument,. ` 
not just by dreams or fears? If political 
unification is difficult in Europe, it should 
at least be possible to pursue common 
technical interests: Why not start with a 
powerful European space programme, 
designed to make good Europe's 
technological backlog, that will eventually 
generate contributions of ‘general 
importance to our technical and 
technological development? Participation 
in-the space station holds no such promise. 
Soletus not 'participate: a 
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Recollection of a simpler time — 


: & The death of Paul Dirac a week ago is a reminder of the precocious and staggering achievement, : 





<THE death of P.A.M. Dirac, in 
<: Tallahassee, Florida, on 20 October is a 
moving reminder of what science was like 
- when everything was much simpler than 
now. The tale is that, as a shy but clever son 
f a Swiss-born schoolteacher in Bristol in 
the West of England, he embarked on a 
degree course in electrical engineering at 
the local university, just two months before 
the First World War ended. With a degree 
obut no job, he took a degree in mathe- 
oo matics, as it were to fill in time. By. 1923, 
oo with the help of a scholarship and a govern- 
ment grant, he was aresearch student at the 
University of Cambridge. And then, two 
years later, at the age of 23, he had put 
‘Heisenberg’s quantum mechanics, not 
then published, on an axiomatic founda- 
tion that still endures. 
low could so much have been done in so 
l ‘must bea part of any ex- 
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fy 
en full of. excitement about the statistical 
“mechanics of stellar atmospheres. Dirac 
owas also lucky that Heisenberg went to 
‘Cambridge to talk at the Kapitza Club 
. (then Cambridge’s private phi beta kappa) 
2° <GneJuly 1925, and sent Fowler a set of the 
“proofs of his first paper on new quantum 
zo theory by the middle of August. Who to 
“ask to read them but Dirac? The real luck, 
“of course, was that the time was ripe for a 
-radical upheaval. Planck quanta were real 
enough but the old quantum theory of 
“atoms, which worked well enough for 
atomic hydrogen, was increasingly at odds 
with spectroscopy. 

But Dirac’s special contribution to 
=$ quantum mechanics was its independence 
“Of what others were about. Heisenberg’s 
first paper (Zeits.f. Phys. 33, 879-893; 
1925), the proofs of which Dirac had seen, 
had set the agenda — how to generalize 
Bohr’s prescription that quantum states 
are those calculated by classical mechanics 
¿Which happen to satisfy a quantum 
<z condition pulled like a rabbit from a hat. 
Heisenberg’s innovation was to describe 
the kinematics and the dynamics of 
_ quantum variables strictly analogous to the 
-classical dynamical variables — position, 

momentum and so on. 
Dirac’s first paper on the subject was 
ceived at the Royal Society on 7 
ovember..1925, and published the 
lowing month in Proc. Roy.Soc. A 109, 
653 (which says something else about 






















a aA Sars Sone we oe | 





nplicity of those times). Its. 


It emphasized that the quantities 
representing dynamical variables in 
quantum mechanics are elements in an 
algebra then undefined, it demonstrated 
that the circumstance that two variables, 
say q (for position) and p (for conjugate 
momentum), do not commute is not an 
embarrassment (as it had seemed to 
Heisenberg) but a natural way of making a 
bridge with the quantities in classical 
Hamiltonian mechanics called Poisson 
brackets. 

Dirac’s achievement in the following five 
years was staggering. By the time his PhD 
thesis had been submitted (in the spring of 
1926), he had made a first attempt at the 
problem of relativistic quantum 
mechanics. This was the train of argument 
that led to Dirac’s relativistic equation of 
the electron which provided both a natural, 
not ad hoc, way of accommodating 
electron spin and as clear a prediction that 
positrons must also exist as any more recent 
prediction of a particle of matter. Almost 
in passing, Dirac quantized Maxwell’s 
equations, providing the foundations of a 
quantum theory of radiation and a model 
for what is now called field theory. 

Throughout this revolution, Dirac’s 
style was distinctive. He was not so much 
an iconoclast as an adventurous spirit, 
sceptical of fudges but prepared to see 
where logic would lead. What else can 
account for his failure to accept as his own 
the idiom in which his elders and pre- 
sumptive betters described the problems 
facing physics in 1925? 

The point is nicely illustrated by Dirac’s 
own algebra for the dynamical variables of 
a quantum system. Heisenberg had shown 
that the quantum condition boils down to 
the simple relation that qp ~ pq = ih if q 
and p are, respectively a position and its 
conjugate momentum (with i the square 
root of -1 and h Planck’s constant divided 
by 2m). When Born and Jordan had 
reminded Heisenberg that his quantum 
equations embodied the rules of matrix 
multiplication, the three went on to 
elaborate their doctrine of matrix 
mechanics. 

Not Dirac. The quantum variables were 
the elements of an algebra whose rules were 
dictated by the physics. Dirac called them 
q-numbers (Prec. Roy. Soc. A 110, 
561-569; 1926) and said this about them: 


At present one can form no picture of 
what a q-number is like. One cannot say 
that one q-number. is greater or less than 
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sixty years ago, of one of the most diffident of contemporary heroes 


that if z and z; are two q-numbers.. 
exist the numbers z} + Z» Ziz» and. 
which will in. general be q-number. 
knows nothing about the way the num 
are formed except that they satisfy al 
ordinary laws of algebra, excludi 
commutative law of multiplication : 





At any point along the way, Dirac cou 
have resolved this uncertainty by changi 
idiom. Representing q-number 
matrices would have given Heisenbe: 
quantum mechanics, representing the 
differential operators would have giv 
Schrédinger’s wave mechanics, ‘Bu 
needlessly particularize? 

The scale of Dirac’s achievement 
this short spell is now not. 
comprehended. It is as if he had fo 
secret window on the foundat 
physics, a companion. for. that 
which Einstein looked in: 1905. It < 
often have been that a physics tex 
(The Principles of Quantum 
Oxford, 1930) should be. noth; 
record if its author’s research. 

Dirac’s distinctive style stamps 
book and the generation of stu 
brought up on it — or in its shadow. D 
himself, however strongly. convinced 
1930 that the problems of physics had be 
solved, seems not to have been filled wi 
proselytizing zeal. Always shy, he seems | 
have been tragically shy of students. Mug 
of the 1930s were spent in a hunt for so 
way of ridding calculations of radia! 


iy fields of the infinities that bedevilled th 


Dirac did not succeed in this hercule 
task, completed only in 1948 by Schwinge 
Tomonaga and Feynmann. 

But from this period there survive thre 
novel ideas — the notions that magnet 
monopoles may exist, that it cannot b 
mere coincidence that dimension 
numbers such as the ratio of electrical | 
gravitational forces are equal to the age of : 
the Universe (in atomic units) and (as a 
consequence) that the gravitational 
constant should decrease with increased 
age of the Universe (Nature 139, 323; 
1937). Time, no doubt, will show what 
happens to these conjectures. 

Dirac’s style persists. The anonymous 
reviewer of the first edition of his book 
(Nature 127, 699; 1931) said of Dirac that 
the bids us throw aside preconceived ideas 
regarding the nature of phenomena.. we 
may describe this as the application of pure 
thought to physics”, He was a subversive 


whose pure thought was more penetrating | o 
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lecular mediciné 


'herapy by instant evolution 


from Robin Carrell 


VOLUTION has modified and refined the 
tructure. and function of proteins. An 
nderstanding of how this has happened 
nakes.feasible the prospect of artifically 
inducing similar changes to create specifi- 
lly designed variants of human proteins. 
starter, on page 77 of this issue’, 
Rosenberg et al. (Chiron Research 
oratories) report the use of recombi- 
ant DNA technology and yeast to replace 
amino acid at the reactive centre of 
man a ,-antitrypsin, a natural inhibitor 
rotease enzymes. The mutant a ,-anti- 
psin retains the specificity of the natural 
bitor, but promises to provide more ef- 
ective protection to tissues during inflam- 
ory stress. Of particular interest is its 
tential to prevent the development of the 
legenerative lung disease, emphysema, but 
he independent production of related 
mutants: of a -antitrypsin by two other 
senetic engineering companies, Transgene, 
rasbourg (M.A. Courtney et al. Nature, 
he press) and Biogen, Cambridge, 
achusetts (D. Schindler, personal 
munication) attests to much wider 
ipeutic implications. 
is focus of activity, follows from the 
ization? that a ,-antitrypsin is one of a 
ily: of serine protease inhibitors, the 
ins, each of whose function is critically 
termined by a single amino acid at the 
tive centre. These protease inhibitors 
pecific roles in the control of the pro- 
eolytic cascades responsible for immune 
ctions, for coagulation, and for other 
ponses to: inflammation. Since it is the 
iberrant activation of these cascades that 
lies many disease processes, there is 
t medical interest in the possibility of 
ific intervention by the use of 
ineered inhibitors. 
@\-Antitrypsin is the archetype? of the 
erpin family which includes the plasma 
oteins; antithrombin, a ,-anti- 
1ymotrypsin, C,-inhibitor and a,- 
atitiplasmin*. The structural homologies of 
family; together with recent crystal- 
jographic -studies> of @,-antitrypsin, in- 
ate that.the serpins all share the same 
ghly-ordered globular structure. A 
ture of this structure is the exposure of 
ẹ reactive centre as a loop on the exterior 
sf the molecule. This loop is believed to fix 
è reactive centre in a conformation that 
makes it an ideal substrate for the target 
rotease. The inhibitor and its target pro- 
ease thus form a tight 1:1 complex which 
an be rapidly recognized and removed 
from the circulation. 
“The specificity of each inhibitor is 
ritically dependent on a putative cleavage 
Site at the P , residue (see the figure) of the 
eactive centre of the inhibitor. This was in- 
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tive centre of a,-antitrypsin, which has 
methionine at P, and is primarily an in- 
hibitor of elastase, with that of antithrom- 
bin, an inhibitor of thrombin which has 
arginine at P,. Unequivocal evidence that 
the P, residue was responsible for the 
specificity came from an unusual experi- 
ment of nature®: a child from Pittsburgh 
was found to have a bleeding disorder 
associated with a new genetic variant of a ,- 





Serpin Py Py Py ps! Pa’ Pa Target 
Pro-MET-Ser-Ile-Pro-Pro- Elastase 
Pro- VAL ~-Ser-Ile-Pro-Pro- Elastase 


Pro- ARG -Ser-I1le-Pro-Pro- Thrombin 


aAntitrypsin 
Valine mutant 
Pittsburgh mutant 


Antithrombin GIy- ARG -Ser-Leu-Asn-Pro- Thrombin 
a,-Antichymotrypsin Leu-LEu-Ser-Ala~Leu-Yal  Chymase 
Mouse contrapsin Arg- LYS-Ala-Ile-Leu-Pro ‘Trypsin’ 
Cy-inhibitor Ala-ARG-Thr-Leu-Leu-Val Kallikrein 


Reactive site sequences of natural human serine 
proteinase inhibitors (serpins) and two mutants 
of a.,-antitrypsin. Cleavage putatively occurs at 
the P|-P, bond with a specificity of inhibition 
that is clearly related to the P, residue (C,- 
inhibitor sequence is a personal communication 
from J. Travis). 





antitrypsin, in which the reactive centre 
methionine had been replaced by an 
arginine; as predicted, the mutant æ- 
antitrypsin had lost the ability to inhibit 
elastase but had become a highly effective 
inhibitor of thrombin. 

The general applicability of this 
dependence on the P, residue was recently 
demonstrated by Hill and colleagues’, 
from a comparison of the amino acid 
sequences deduced from the cDNA of 
mouse and human serpins. Their most 
remarkable conclusion concerned human 
a,-antichymotrypsinogen and mouse 
contrapsin. These two proteins have a 
similar sequence but the human inhibitor 
has a leucine at P, and hence inhibits 
chymotryptic-like proteases, whereas the 
mouse inhibitor, with a P, lysine, has no 
antichymotryptic activity but predictably is 
as an efficient inhibitor of trypsin. 

Evolution, in several experiments of her 
own, has thus demonstrated how to 
prepare specific inhibitors. Rosenberg ef 
al.' have applied these lessons to the 
production of a mutant a,-antitrypsin in 
which the P, methionine has been replaced 
by a valine. Their choice follows from the 
fact that about one in a thousand northern. 
Europeans has a severe genetic deficiency 
of a,-antitrypsin and is consequently 
susceptible to cumulative damage to the 
elastic tissue of the lungs, which results in 
emphysema. In principle, the defences of 
susceptible individuals could be improved 
by intermitent transfusions of ap- 
antitrypsin. Genetic engineers, antici- 
pating this need, have taken the 


opportunity to producea modified form of . 
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and so provide improved protection. 7 
The risk of damage to the lungs in both. ~~ 
normal individuals and those deficient. in 
a ,-antitrypsin. is heightened by: the. sus- 
ceptibility of a ,-antitrypsin to inactivation: 
by oxidants released by leukocytes or. 
present in cigarette smoke‘. There is strong 
evidence that this is due to the oxidation of 


the P, methionine to methionine sulph- ~ 


oxide, with consequent loss of 
effectiveness an an inhibitor of leukocyte 
elastase. Improved protection might be 
provided by the replacement of the P, 
methionine of a ,-antitrypsin with a residue 
resistant to oxidation’? — valine seems a 
logical choice? for an inhibitor of leukocyte 
elastase. In vitro tests of the mutant that 
fits that bill support those predictions. 

Before the material is ready for therapeutic 
use, several questions will need an answer. 

Does it matter that the mutant protein, as 
produced by yeast, does not have oligosac- ”’ 
charide sidechains? Antigenicity will pro- 
bably not be a problem, but how important 
is it that the mutant inhibitor is likely to be 
less soluble and long-lived than the natural: 
form? This will be more of a problem if the 
material is to be administered’ by 
transfusions than if it can be directed tothe... 
lungs as an aerosol. A greater problem will ~ 


lie in the assessment and marketing of an~ ' 


agent whose protective effect, with regards 
to emphysema, is measurable over years 
rather than days. 

Other related mutants that are at the 
testing stage may have more immediate 


medical applications. It.can be predicted 
that the P, arginine mutant!* will be an 


effective medium-term anticoagulant 
for individuals with either a genetic. or 
functional deficiency of antithrombin. 
Here, a shortened half-life due to lack of 
glycosylation may prove an advantage by 
increasing precision in the day-by-day 
control of anticoagulation. - 

In a wider sense, the new papers under- > 
line the rapid growth in the practical 
applications of. molecular biology.. When 
we suggested the possible production of the 
valine a ,-antitrypsin? it was: done so almost 
tongue-in-cheek. Yet 18 months later it has 
been achieved. The speed with which mole- 
cular biology is growing has turned protein 
chemistry into an adventure rather than 
threatening.it, and has converted the 
academic exercises of correlating protein 
structure with function into matters of 
direct, practical importance, a 
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Oceanography 


NEWS AND VIEWS 


Tides, solitons and nutrients 


from Melbourne G. Briscoe 


TIDAL energy mixes the coastal waters, pro- 
viding nutrients for biological processes. 
The mechanism is indirect; the topography 
of the shelf-break, the stratification of the 
coastal waters and the tides interact to pro- 
duce groups of solitons — strong, short, 
high frequency internal waves — and it is 
the breaking of these solitons as they 
propagate inshore to even shallower water 
that is responsible for the mixing. That is 
the suggestion offered by H. Sandstrom 
and J.A. Elliott of the Bedford Institute of 
Oceanography in Canada!. Their idea, 
based on their work on the Scotian Shelf, 
seems sound but perhaps does not go far 
enough. 

Solitons are so-called because of their 
similarity to the mathematically precise 
idea of a non-linear wave that retains its 
identity and form as it propagates along as 
a singular bump on the sea surface. How- 
ever, in most situations an internal wave ac- 
tually travels as a singular wave of depres- 
sion, since there is usually a deeper layer of 
water underneath the pycnocline (the layer 
where the water density changes most 
quickly with increasing depth) than above 
it. As the internal depression on the pyc- 
nocline propagates, it tends to disperse into 
the free-wave components that compose it. 
This tendency is balanced by the non- 
linearities that arise from the finite 
amplitude of the depression and allow the 
wave to retain its soliton form. This fragile 
balance of forces is easily realized in equa- 
tions, can sometimes be simulated in the 
laboratory, but probably never really oc- 
curs in the ocean; I therefore use the word 
soliton with some reservations. 

Solitons are thought to be produced by 
the surface tide running up against the edge 
of the continental shelf. The pycnocline 
overlying the shelf is disturbed vertically by 
the tidal flows and a depression in the pyc- 
nocline begins to travel shoreward. Thereis 
some uncertainty about the mechanism 
that forms the depression: Sandstrom and 
Elliott consider that the surface tide forms 
an essentially linear, internal tide at the 
shelf edge, and that the leading edge of the 
propagating internal tide is the depression 
that finally resolves into the soliton'. The 
scales of these processes differ greatly. The 
surface and internal tides (called baro- 
tropic and baroclinic tides, respectively, in 
the oceanographic literature) occur once or 
twice a day, depending on location, but the 
wave sequence in the soliton is of just a few 
minutes period. The horizontal scales of 
these three processes decrease from 
thousands of kilometres, to tens of kilo- 
metres, to hundreds of metres. 

Because of the tidal generation of soli- 
tons they can be recorded every 12.4 h in 
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is dominant. One might also expect a 
spring-neap cycle in the intensities of the 
process, but I am aware of no good data 
that confirm this; since the dynamics of the 
generation of the solitons and of their 
eventual propagation depend on the 
strength and depth of the pycnocline, the 
inevitable changes in the hydrography with 
space and time probably obscure spring- 
neap effects. 

Surprisingly, solitons are often easy to 
observe in the ocean. The interaction of 
wave currents in the soliton with short sur- 
face wind waves causes a modulation of the 
roughness of the sea surface that is visible 
to the eye and to radar. Landsat satellite 
images described by C. Sawyer? show that 
the entire eastern seaboard of North 
America is covered with a pattern of sur- 
face streaks characteristic of solitons. This 
is especially so in the 50 -150 m depth range 
of the shelf, and is most marked in summer 
and early autumn, when the thermocline is 
well developed. (Georges Bank and its sur- 
roundings perhaps have the most solitons 
in the western North Atlantic; does this ac- 
count for the nutrient supply and the 
fishing industry on Georges Bank?) 

Sandstrom and Elliott propose that the 
surface tides at the shelf edge are converted 
to internal tides and then to solitons that 
dissipate on the shelf'. They calculate a 
figure of 6 x 10’ J per metre of crest length 
for their solitons. If extrapolated to the 
coastlines of the world this yields 1 x 10" J, 
less than a third of a percent of the total in- 
ternal tidal energy, a negligible contribu- 
tion to the problem of how the energy is 
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dissipated. On the other hand 6 x 107 J 
dissipated on a 10 km wide shelf in half a 
day provides about 50 mW m° towards the 
vertical mixing of the water and the erosion 
of the base of the mixed layer. This is at 
least ten times the energy supply estimated 
from internal wave dissipation in the deep 
sea and several times larger than estimates 
of the energy available from typical winds. 

A.R. Osborne and T.L. Burch? have 
described solitons in the Andaman Sea 
near Sumatra that are 15 times more 
energetic than the examples of Sandstrom 
and Elliott. Even if all of the coastlines of 
the world were covered with such solitons, 
and all these solitons were dissipated in half 
a day, this would still only account for 0.3 
x 10'? W, just 20 percent of what needs to 
be dissipated from the surface tide in 
shallow seas according to G. Miller’s 
calculations* . (These take into account 
surface tide dissipation due to conversion 
to internal tides or solitons on the shelves 
for some areas of the world, but not for the 
North American east coast where so many 
solitons have been observed.) 

So even this extreme estimate of the 
energetics and dissipation of solitons, we 
are not much closer to understanding 
where tidal energy goes, but Sandstrom 
and Elliott’s suggestion! of the importance 
of solitons for shelf-mixing and for the sup- 
ply of nutrients to the euphotoic zone 
seems plausible on the Scotian Shelf. It 
may even be applicable to thousands of 
kilometres of other soliton-covered 


shelves. O 
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A masked image of the star 8 Pictoris taken by R.J. Terrile (Jet Propulsion Laboratory) 
and B.A. Smith (University of Arizona) using a charge coupled device on the 2.5 m 
telescope at Las Campanas Observatory, Chile. The bright extended emission is thought 
to come from a circumstellar disk of silicates, ices and carbonaceous organic material. The 
disk, seen edge-on, is 40 billion miles across; the star is 50 light years away. This diski is the 
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-cell antigen receptor 


from Miranda Robertson 


WHEN I last discussed antigen recognition 
by T cells five weeks ago', I confined my- 
elf to what could be learned from the genes 
ncoding the beta chain of the receptor 
terodimer, on the grounds that there was 
erious doubt about the authenticity of the 
jutative alpha-chain gene isolated by Saito 
t al.?; There is no longer any doubt. 
n this issue Hannum et al.? report 
amino-acid sequences from a human T-cell 
eceptor alpha chain that clearly have no 
mology with the amino-acid sequence 
‘edicted from the mouse gene of Saito et 
1.2; moreover, the alpha-chain protein is 
cosylated whereas the predicted product 
the gene has no glycosylation sites. And 
e same time, Chien et al.‘ and Saito et 
announce the isolation from mouse T 
of what both cautiously describe as a 
rd type of T-cell receptor gene: in fact, 
nks'to the protein sequence of Hannum 
|, these genes can be unambiguously 
tifi ied as alpha-chain genes. Yet the 
| Saito et al. gene?, which I shall call 
on-alpha gene, has all the important 
properties expected of a T-cell receptor 
e; which leaves us, apparently, with one 
re receptor gene than the protein data 
dled us to believe we needed. 
Since this surprising finding has given 
‘to speculation that antigen recognition 
cells may require two receptors, I shall 
efly rehearse the arguments for and 
gainst such a schema in the context of 
vhat is now known about the expression of 
he alpha- and beta-chain genes, before 
oing on to discuss a paper that contains a 
tailed analysis of several beta-chain 
es and may bear on the alternative pos- 
ity of dual recognition by one 









































How many receptors? 

The notion that T-cells may require two 
intigen receptors originated with the dis- 
overy that, unlike B cells, which recognize 
antigen on its own, T cells recognize anti- 
en only in association with cell surface 
molecules encoded by the major histocom- 
atibility complex (MHC). Specifically, 
ytotoxic T cells recognize antigen in 
Ociation with class I MHC molecules 
ereas the regulatory T cells — the helper 
| suppressor cells — respond to antigen 
the context of class IT MHC molecules. 
Hence the suggestion that T cells might 
xpress two receptors, one for antigen and 
> other for the products of the MHC. 

< Under such a two-receptor scheme, the 
-non-alpha gene might encode the MHC 
receptor. Its relative invariance, which was 
ne Of the strongest arguments against it as 
the alpha-chain gene, would be somewhat 
less. of a handicap to a gene encoding a 
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MHC polymorphism might demand rather 
more than the junctional diversity gen- 
erated during the assembly of the separate 
gene segments encoding the variable (V) 
region of the receptor (for fuller expla- 
nation see ref. 1). 

There are, however, more serious dif- 
ficulties with this interpretation of the non- 
alpha gene. First, immunoprecipitation of 
the T-cell receptor brings down only the 
alpha and beta chains, together with the so- 
called T3 marker molecule, which is 
coordinately expressed on all T cells with 
the alpha and beta chains’ and whose 
major chain, unlike the non-alpha chain, 
has no homology with immunoglobulins®, 
Second, Chien et al.* report that the non- 
alpha chain is expressed at much lower 
levels in T cells of thymus and spleen than 
the alpha- and beta-chain genes. Most 
serious of all, there is compelling evidence 
from cellular immunology®"® that a single 
receptor is responsible for the dual recog- 
nition of antigen and MHC molecules. 

It remains possible that the non-alpha 
chain exists as a minor isotype, analogous 
to the lambda light chain of immunoglobu- 
lin — which is also relatively invariant, In 
that case, however, it ought not to be 
expressed along with both the other chains 
in the cytotoxic cell line of Saito et al. (B 
cells expressing lambda light chains do not 
also express kappa chains). There is, in 
fact, so far no evidence that the non-alpha 
product is actually made and expressed on 
the surface of the cell, and since there are 
numerous precedents for aberrant 
transcripts the isotype hypothesis cannot 
be ruled out. On the other hand, until there 
is evidence that the non-alpha gene is 
expressed on the surface of one cell or 
another, its status as a functional gene must 
be considered unproven. 


How like immunoglobulin? 


How then is dual recognition reflected in 
the structure of the alpha-beta hetero- 
dimer? Before considering the structure of 
the beta-chain V regions, I must first dis- 
pose of the question of whether the dif- 
ferential expression of different alpha- and 
beta-chain gene pools could account for 
the differential recognition of class I and 
class H molecules by cytotoxic and 
regulatory T cells. I have already quoted! 
the evidence that the same beta-chain gene 
pool is expressed in cytotoxic and helper T 
cells, and it is now clear that both also 
express the same alpha-chain genes: the 
constant-region (C) segment of the alpha 
cDNA clone isolated by Chien et al. froma 
mouse helper cell is identical to that of the 
alpha-chain clone isolated by Saito ef al. 
from. a mouse cytotoxic cell. However, the 
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which is to be expected in the light of the 
evidence for V-region diversity in the 
alpha-chain protein! ™"?, 

This brings us to the question of how the 
V regions of the alpha and beta chains 
might provide a structural basis for dual 
recognition. The homologies, both in 
sequence and in organization, between 
immunoglobulin and T-cell receptor genes, 
have already been discussed in News and 
Views'3_ Because immunoglobulin recog- 
nizes only antigen, however, while the 
T-cell receptor recognizes both antigen and 
MHC, one would also expect profound dif- 
ferences, Such differences, chiefly in the 
pattern of diversity of the V regions, are 
now reported by Patten et alt, 

I have already mentioned! two ways in 
which beta-chain V-region diversity seems 
to differ from that of immunoglobulins: 
first, there is so far no evidence for somatic 
mutation in beta-chain genes; and second, 
there seems to be more scope for diversifi- 
cation during the assembly of the three 
gene segments encoding the variable re- 
gion, in that it is possible in principle to”. 
assemble V genes either with no D segment. 
or with more than one (for details and ex- ~ 
planatory diagrams see ref. 1). What 
Patten et al. now show is that any such 
mechanisms for increasing somatic diver- 
sity of the receptor genes are acting on an 
already very heterogeneous set of germline 
V segments. 

They have analysed beta-chain V 
sequences from seven helper cells and find 
that, unlike the immunoglobulin V seg- 
ments, which tend to run to family sizes of 
up to 30, V; gene families seem not to ex- 
ceed two or three sequences. Moreover, 
there is very low homology between fam- 
ilies: the least homologous immunoglobu- 
lin V segments are about as similar as the 
most homologous V; sequences. More de- 
tailed analysis of this diversity has shown 
that it can be attributed to seven hypervari- 
able regions, three equivalent to the clas- 
sical hypervariable regions of immuno- 
globulin, two more which also have coun- 
terparts in immunoglobulin, and two that 
are exclusive to the T-cell receptor. From 
predictions of secondary structure based 
on primary sequence data, and on the as- 
sumption that the tertiary structure will be 
similar to that of immunoglobulin, Patten 
et al. conclude that the three classical hy- 
pervariable regions would, like those of im- 
munoglobulin, form the antigen-binding 
pocket of the molecule, but giving a deeper 
cleft; while the remaining hypervariable re- 
gions would fall on the exterior of the 
folded protein and might mediate interac- 
tions with MHC molecules. 

They further speculate that MHC 
binding might induce allosteric changes in 
the antigen-binding pocket that would 
represent a further source of diversity in the 


¿range of binding combinations possible. 


Some very preliminary unpublished evi- 
dence is quoted by Patten ef al. in support 


„of such allosteric interactions: two T cells 
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. with different MHC molecules express 
» different V-region genes. 


-What next? 
At this stage, there are not enough data 
= cto justify detailed speculation on the 
~~ mechanism of dual recognition. If the non- 
alpha chain plays a part in the recognition 
2 “of MHC molecules, then one might expect 
~othat,: unlike the alpha- and beta-chain 
<9 genes, it would be differentially expressed 
- “Gf it is expressed at all) in different subsets 
“Of T cells. Tonegawa has preliminary evi- 
< dence suggesting that it may indeed be 
transcribed only in cytotoxic and not in 
elper cells. In that case, one would also 
predict an equivalent non-alpha, non-beta 
chain mediating the recognition of class II 
` MHC molecules in the regulatory subsets. 
“oe With all the relevant genes now isolated 
= both the genes encoding the MHC mole- 













“cules that the T-cell receptors recognize, 

and the genes encoding the receptor that 

does the recognizing — it should be pos- 

sible to devise transfection experiments 

that will answer the questions raised in this 

article. a 
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~ Space missions 





Very-long-baseline 
interferometry takes to the sky 


A ` from P.N. Wilkinson 









RADIO interferometers have long since 
assed the best angular resolution 
ible with ground-based optical tele- 
s but radio astronomers have 
‘ontinued to strive for higher resolution in 
‘the quest of new information about cosmic 
objects. Since 1967, when the technique of 
very-long-baseline interferometry (VLBD 
was introduced, we have been aware that 
. there is a natural limit to this process — the 
< separation of our telescopes is restricted by 
the size of the Earth itself. Nonetheless, 
«there have so far been enough scientific 
rewards from exploiting existing radio tele- 
scopes for us not to worry too much about 
limited resolution. 
Now, however, in common with many 
.-other astronomers, our thoughts are 
moving beyond the Earth towards an 
Observatory in space, QUASAT (for 
» QUAsar SATellite), which would be linked 
to the earthbound network of radio tele- 
scopes. The initial ideas for this project 
were discussed recently at a workshop* 
sponsored by the European Space Agency 
(ESA) and the National Aeronautics and 
Space Administration (NASA), attended 

“by astronomers, engineers and adminis- 
trators from twelve nations. 

Much of the present interest in VLBI 
stems from the recent extension of the 
principle of ‘aperture synthesis’ to arrays 

that span intercontinental distances; as a 
result, radio maps with milli- and sub- 
filliarc second resolution can now be 
jade routinely. But many extragalactic 
ources . ‘and components in water-line 
lasers-are barely resolved even on the 
ofigest Earth baselines and at the shortest 
avelength o: 35 em, a frequency of 22 













GHz) at which most large radio telescopes 
work well. Higher resolution, at least on 
continuum sources, is achievable at milli- 
metre wavelengths but millimetre-wave 
VLBI is only in its infancy. To take 
advantage of the experience at centimetre 
wavelengths and to use the more numerous 
and much larger centimetre wave tele- 


scopes, the physical length of the baselines . 


must be extended. This can be done only 
with the aid of a radio telescope in space. 
QUASAT’s astrophysical importance 
depends on its sensitivity, and on the 
resolution and quality of the synthesized 
image. In this ‘first step’ mission com- 
promises must. be made between these 
criteria. Thus the present proposal, which 
is dominated by the desire to observe at 22 
GHz, has a relatively small antenna and 
hence sensitivity at the lower frequencies 
has been conceded for resolution. None- 
theless, QUASAT would have plenty to 
look at in its up to 5 year lifetime. The 
proposed orbit would yield roughly a three- 
fold better linear resolution, or a 10-fold 
smaller pixel area in the resulting image 
than Earth-based arrays. At 22 GHz the 
resolution is about 100 parc s, correspond- 
ing to a size scale ranging from 1 AU (the 
distance from the earth to the Sun) at the 
distance of the galactic centre (10 kpe) to 
about 10,000 AU at a distance of 100 Mpc. 
Computer simulations presented by A. 
Readhead (Caltech) show that with 
QUASAT and typical 10-station ground 
arrays, it would be possible to make radio 


images of a quality similar to that now. 
achieved with multiple ‘snapshot’ obser- 


vations using the Very Large Array (VLA), 


but with almost 1,000 times higher. 
resolution; and: that VLBI work in the: 


for what the QUASAT mission cot 


| prediction that the brightness temp 

























































lutionized. Furthermore, . using a wor 
wide network of 34 ground observato) 
which could be available in the 1990s 
would be possible to produce radio i ima 
of the compact nuclei of active galaxies 
complex as any that the VLA has $0 | 
produced. 

There was no shortage of exciting id 


achieve. Superluminal sources — 
there are ordered motions with app: 


obvious targets. Even after a d cac 
observations, we have nó. real | 
understanding of these phen men 
closely related goal is to st idy 
propagation of the energy-carrying b 
which emanate from the ‘central eng 
active galactic nuclei, as they pass th 
the region that is responsible for prod: 
the broad optical emission lines, We n 
know that in the much larger narrow- 
region, the line-emitting gas clouds 
bend. and brake the beams; th 
interaction probes the physical conditii 
both in the clouds and in the beam 
QUASAT will extend this study to t 
broad-line region, which is inferred t 
less than a light year across in many cas 
and which therefore cannot be: 
directly even with the Space Telescope. 

On the smallest accessible s 
QUASAT could test the long- 





of incoherent synchrotron emiss! 
limited to 10K by inverse Co 
scattering. It cannot be tested usin; 
baselines: but the QUASAT base 
would record 10°K emission if it 
The super-bright emission could be fro: 
previously unsuspected coherent radiati 
source or, more likely, it could indicate t 
the emission region is approaching us 
relativistic speed. In this case thé appar 
brightness. temperature in the obser 
frame.is increased because of the effect 
aberration. 

Several speakers stressed QUAS 
great: potential for studying ‘the phy. 
conditions in hydroxyl (at 1.6 GHz) 
water (at 22 GHz) masers which 
associated with star-forming regions’ and 
some late-type stars. Perhaps. the | 
exciting prospect, however, is to use t 
water-masers to make fundamen 
distance measurements. The interr 
motions of water-maser spots, alrea 
revealed by Earth-based VLBI; ha 
enabled the distances of three. galactic 
maser complexes to be measured: 
statistical parallax techniques..(Moran 
J.M. Nature 310, 270; 1984), QUASAT 
would greatly facilitate -thes 
measurements and would allow -thi 
distances to many more star-formin 
regions to be determined. And M.J. Reit 
(CFA) introduced the even» mor 
tantalizing prospect of using masers t 
measure: the distances of nearby galaxies 
thus helping to clarify the contentious 
extragalactic distance scale. Powerful 















































(Moran, op: cit. ‘and Claussen, 
al. Nature 310, 298; 1984) and we 
Id use the statistical parallax technique 
could measure their internal motions 
anaccuracy of a few microarc seconds 
r year. 
With QUASAT, it might also be possible 
determine the orbital motions of maser 
urces around a galaxy. These angular 
motions (corresponding to velocities of a 
hundred km s~) will be an order of 
agnitude larger than the internal motions 
the masers themselves. If the rotation 
and the inclination of the galaxy are 
nown, then a distance estimate can be 
rived directly. 
One debate at the workshop centred on 
e scientific trade-offs between raw 
olution and imaging capability. A vocal 
rity took the view that much cruder 
images, but with two or three times greater 
lution; might lead to more 
damental discoveries. Where to draw 
ine between resolution and image 
is a matter of judgement but clearly 
puter simulations are needed to 
ate the point at which image quality 
iorates to levels unacceptable to all. 
. Sagdeev (Space Research Institute, 
ow). gave a brief, but up-to-the- 
account of current Soviet thinking. 
SSR hopes to place a large (30 m) 
in low Earth orbit by the end of 
de. This spacecraft, working with 
id telescopes in the USSR, would 
a well-filled aperture but with 
um baselines little longer than can 
obtained with current VLBI networks. 
itis being regarded as a step towards a 
re ambitious mission which might, like 
SAT, be launched in the 1990s. This 
d mission resembles QUASAT in 
eral ways: for example, it would employ 
ider bandwidths and higher observing 
juencies; It also offers an appealing way 
und the trade-off between resolution 
image quality which inevitably arise 
n only one orbiting telescope is used. 
would be much to be gained if 
SAT-and the Soviet telescope 
ficially dubbed KBACAT) were to be 
-in complementary orbits. In the 
entertaining few minutes of the entire 
eting J.F. Jordan (Jet Propulsion 
Laboratory). showed a time-lapse movie 
ulation which demonstrated 
hically how, in this regard, the 
SAT-~KBACAT baselines would 
nmable us both to have our cake and to eat 
both longer baselines and a better 
aperture plan are then possible. 
QUASAT seems destined to be a 
competitor in the 1987 selection round in 
SA and could get a ‘new start’ in NASA 
hat same year. The antenna concept is 
xpected to be selected in summer 1985, 
th ajoint NASA-ESA phase A study in 
986. Launch could be in 1992. o 





PN. Wilkinson is at the Nuffield Radio 
Astronomy Laboratories, Jodrell Bank, 





NEWS AND VIEWS — 


Sirk Martin Ryle, pioneer of radio 
astronomy and explorer of the Universe, 
died on 14 October 1984. His insight and 
originality in radio science was first 
displayed in wartime, when he was 
recruited directly from Oxford in 1939 to 
work in the Telecommunications Research 
Establishment. Here his first tasks were to 
develop airborne radar aerial systems and 
to test equipment for the new centimetric 
waveband; these provided an introduction 
to radio techniques which prepared him 
well for his vital, but almost unrecorded, 
contributions to radio countermeasures. 

It was Jack Ratcliffe who persuaded 
Ryle to start radio. research in the 
Cavendish in 1945, with the support of an 
ICI Fellowship. The wartime discoveries by 
John Hey, of intense radio emissions from 
the Sun and from a mysterious source in 
the constellation of Cygnus, provided 
challenging subjects, well suited to Ryle’s 
experience in the location of radio trans- 
mitters and the recognition of unusual 
signal characteristics. He devised a radio 
interferometer, analogous to Michelson’s 
optical counterpart and soon named after 
it, which showed in 1946 that sunspots emit 
powerful, circularly polarized radio waves, 
and that the quiet sun is surrounded by a 
hot, radio-emitting corona. A succession 
of students was encouraged to map this 
coronal emission, using ingenious devel- 
opments of the interferometer; these 
developments can now be seen as the first 
stages of the technique of aperture 
synthesis, one of Ryle’s most famous 
achievements. 

The investigation of the Cygnus radio 
source followed similar lines. It was a 
natural hypothesis that this source might 
be a star that radiated like the Sun but 
much more powerfully. The successful 
location of the source, and its identi- 
fication as a very distant and very unusual 
galaxy, opened the way for radio 
astronomy to investigate the structure of 
the Universe on the largest scale. At that 
time, there could be no clear interpretation 
of the many discrete radio sources 
appearing in the early surveys; they were at 
first supposed to belong to our Galaxy, 
where they would account for the back- 
ground radio emission from the Milky 
Way. Ryle determined to survey and locate 
a large number of these sources. For this 
purpose he built a large interferometer 
array, working at a wavelength of 3.7 m. 
The results were astonishing: the sky was 
apparently crowded with sources, with 
almost no concentration in the Milky Way. 

In his 1955 Halley lecture, Ryle showed 
that most of these radio sources must be 
extragalactic and so distant that they gave 
the first clear evidence which could be used 
to distinguish between cosmological 
theories. His results and their inter- 
pretation were immediately the subject of 
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not agree with the number counts of the 
radio sources, while the theorists. 
vigorously defended the sinking ship of the 
Steady State. The conflict could only be 
resolved through better observations, 
which Ryle duly provided by improving the 
interferometer in successive steps, leading 
eventually to aperture synthesis. 

Aperture synthesis, the simulation of a 
very large radio telescope by the use of 
multiple interferometers, was. Ryle’s 
supreme invention. It was achieved in 1956, 
when the technical problems of compu- 
tation were overcome by the use of the 
poineering digital computer, EDSAC. Its 
full development progressed through the 
‘one-mile’ telescope (1964), which used 
three 18 m paraboloids, giving an angular 
resolution better than one arc minute, to 
the well-known ‘five kilometer’ telescope 
(1972), working on shorter wavelengths: 
this telescope gave, for the first time, an 


angular resolution of one arc. second, ©: © 


similar to that of optical telescopes. 

The results, both in the form of number 
counts and as detailed maps of radio 
galaxies and quasars, firmly established 
radio astronomy as the main source of 
direct observational evidence in 
cosmology. There were, of course, many 
by-products, most notably Hewish’s 
discovery of pulsars, which led to Ryle and 
Hewish sharing a Nobel prize in 1974. 

Ryle’s originality and determination _ 
marked the whole development of 
Cambridge radio astronomy. He was a 
magnetic figure, with the power of 
inspiring of a deep loyalty and a social 
cohesion among a long succession of 
students. He had a deep social conscience, 
which led him in his later years to an active 
and public concern about nuclear power — 
and armaments. He will be remembered 
with affection by everyone who worked 
with him. F. Graham Smith 





100 years ago 


EARTHQUAKE MEASUREMENT 


In an article on ‘“Earthquakes”’ in last week’s 
Nature (p. 608), Dr. H., J. Johnston-Lavis takes 
exception to the records of earthquake motion 
which I have published, on the ground of their 
complexity, and pronounces the Plain.of Yedo 
unsuitable for earthquake observations. 

Now this seems to me to be a very eclectic way 
of treating earthquakes. We can measure 
earthquakes only where we find them, and I 
suppose the first qualification in a site for an 
earthquake observatory is. that there should be 
plenty of earthquakes. The Plain of Yedo pos- 
sesses this qualification in a very high degree; 
and if the disturbances which occur in it are of a 
very much more complex character than our a 
priori notions about earthquakes may have led 
us to expect, it is not. the Plain of Yedo that is to 
blame. 


University College, Dundee. J.A. Ewing 
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Anthropology 





NEWS AND VIEWS 


= Prehistory of Amazonian Indians 


from Robert M.May 


TIME was. when the popular image of the 
‘Amazonian rain forest was of a teeming 
paradise with great potential for sustained 
_ productivity. Following the collapse of 
many ill-conceived ‘development’ proj- 
‘ects, however, the contemporary image is 
more one of fragile forests perched on im- 
- -poverished soils, or even of a Green Hell L 
“Consistent with this recent picture is a 
‘vision of the Amazonian Indians as simple 
“people eking out a precarious existence, 
< with population densities that have always 
© been too low to sustain any complex social 
: organization or culture. A series of recent 
studies contest this view of the Amazonian 
Indian?®. Several studies argue that 
prehistoric population densities were an 
order of magnitude or more higher than 
conventional estimates, or than densities 
found today. Moreover, it is argued that 
the Indians’ knowledge about and use of 
their environment was much more sophisti- 
cated than has usually been believed. 


Population 
early estimate of the density of 
| Indians in Amazonia before the 
vent of Europeans was less than one in- 
dividual per km?. As summarized by 
Dobyns? in an important revisionist article, 
this estimate is based partly on historic 
records, partly on assessment of the carry- 
.ing capacity of the environment and partly 
on direct. observations of contemporary 
densities of aboriginals. Dobyns discusses 
each of these three approaches. 

First, most historians and anthropol- 
ogists have tended to discount contempor- 
ary sixteenth and seventeenth-century 
estimates of Indian populations in both 
_North and South America as gross exag- 
gerations. Another revisionist, Myers’, is 
understanding of such discounting, even 
“though he disagrees with it: “we must 
“recognize that the earliest historical sources 
were written either by adventurers in search 
of gold and kingdoms to conquer, or by 
missionaries whose vast expenditures could 
only be justified by a proportionate 
number of conversions to the Catholic 
faith. When disinterested parties finally 
did reach the Amazon, they found no 
evidence of the large populations which 
were reported to have lived there’. Dobyns 
shows, however, that when the old records 
— or indirect inferences drawn from them 
s- are examined carefully, and cross- 
checked one against another where possi- 
le, their high estimates of the initial size of 
boriginal populations i in North America, 
in Central America, in the Incan Empire 
and in Amazonia appear to stand up. Dis- 
pancies arise because populations crash- 
etween first contact and the arrival of 
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diseases introduced by Europeans. Like- 
wise, Myers’s detailed analysis of all avail- 
able historical records for the Indians along 
the Ucayali River in eastern Peru indicates 
that “large and stable communities were in 
fact characteristic of the mainstream 
Ucayali tribes at the beginning of the 
historic period, but that they collapsed 
with the precipitous population declines 
caused by Spanish diseases’’. 

Second, our understanding of the ability 
of the Amazonian rain forest to sustain 
humans is not good enough to provide any 
reliable estimate of population sizes (more 
on this below). 

Third, direct observations of population 
sizes several years after European contact 
are not useful, by virtue of the havoc 





Buhagana Indian, East Colombia, .1890. 
(Peter Newark’s Western Americana). 
wrought by disease. Such useful 
observations as do exist come from geo- 
graphically isolated areas of the Amazon 
Basin where a few native populations 
appear to have experienced their first 
effective contact with Europeans so 
recently that ethnologists have been able to 
collect information about the population 
before contact. One group, first contacted 
in 1926, was virtually wiped out by 
influenza in 1929. In another, 300 died of 
pulmonary oedema in 38 hours. Another 
group of 300 Sabane came into a Brazilian 
post, where the. wagon bringing gifts and 
rations for them also brought bronchial 
pneumonia; the few survivors fled back to 
their settlements, spreading the epidemic. 


Anecdotes of this kind make it clear that _ 
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‘bution or the depth and composition of th 
. patches*. He concludes that the terra p 








decades after first contact give little hin 
pristine population densities*. 

In pursuit of an estimate of 
depopulation typically caused by disease. 
Dobyns pulls together information fre 
various places in the New World i 
concludes? that over the 100: ye 
following first contact, ‘‘the depopulatio 
ratio of 20 to 1 appears to be a sound, : 
perhaps conservative, tool to employ as 
hemispheric minimum’’. This figur 
coincides with an earlier and | 
encyclopedically-based estimate by B 
of a 95 per cent reduction by diseas 
native populations’. 

As Myers has emphasized | elsew 
viral and bacterial diseases can, travel alo: 
trade routes, accompanying items i 
into remote regions long before the fir 
face-to-face contact with European: 
made*.Thus, the first reported con 
may be with a native population alrea 
severely reduced by disease. 

A different and independent indica 
that Amazonian Indian populations wel 
relatively dense before the: arriva 
Europeans comes from analysis of sites 
‘Indian Black Earth’ (terra preta í 
indio)’. These patches comprise. bla 
earth intermixed with potsherds and st 
stools; they are scattered throughout 
Amazonian Basin and are classified as 
soil type. Suggested explanations of 
phenomenon include fallout. f 
volcanos, sediments from van 
Tertiary lakes, remnants from slas 
burn agricultural practices and cult 
layers accumulated at former I 
villages. Smith argues persuasively thatt 
first three explanations are not consi 
with the observed geographical dist 






























sites are the vestiges of ancient cultures 
Amazonia, ptoviding evidence th 
‘‘precontact native populations. wer 
many cases large and sedentary, parti 
larly along rivers”. If this is $0, 
Smith’, “biologists should be wary wh 
they discuss virgin Amazonian ecosyst 
‘Potsherds and black earth may lurk under 
control plots and pristine nature reserv 


Lifestyle 

Not only may the early Amiazoni 
populations have been more dense th: 
previously thought, but it also seems lik 
that they were correspondingly m 
sophisticated. In particular, the fieldw 
of Posey on the Kayapo Indians in Cent 
Brazil has illuminated these peoples’ ric 
appreciation of their environment’, The 
present population consists of about 2,500 
Indians inhabiting 9 villages scattered: 
within a 20,000 km? reserve. 

Like most such people, the Kayapo have 
alarge vocabulary to describe the subtleties 
of their surroundings. Their major sub- 
divisions of the forest include ba-kamrek 
(riverine forest), ba-epti (higher forest. 
subject to intermittent flooding every 10 
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soils), ba-kati (terra firmé, lands 
do not flood) and ba-rarara (forest 
ith: intermittent openings). Kayapo 
llages are sited to have access to a variety 
hese ecological zones, and the patterns 
field ownership read like something 
m- a current behavioural ecology text: 
though some fields are selected from ba- 
ati, others are carved from ba-epti 
ause the better yields offset the 
predictable losses due to flooding; 
iefs” fields and womens’ collective fields 
usually planted in such a way as to 
imize total crop loss for any one family 
ip. Not only do the Kayapo utilize 
250 plant species for their fruits, 
ong with several hundred others for their 
s and tubers, but they also practice a 
Msitional form of cultivation. In 
tion to cultivated plots near the 
lages; men on hunting treks rely on 
slands of resources’ along their vast 
tk of interlinked forest trails; these 
t fields’ are maintained by collecting 
; during the day’s travels and then re- 
: them near established campsites. 
least 54 species of these semi-domesti- 
plants are used in the forest fields. 
he Amazonian Indians also know their 
als: ‘every significant detail of the life 
‘animals is part of [the] hunter’s 
ge, including the sound of its cry, 
eferred. foods, its excrement, its 
, the teeth marks it makes on fruit 
Beyond this, the Kayapo practice a 
onal form of domestication of 
nals: Thus, they deliberately stack the 
ins of banana and palm plants near 
ges to attract adult beetles that lay eggs 
uch refuse; in due course, the Indians 
when to collect the tasty and 
jous grubs that mature from the eggs. 
Kayapo further recognize some 54 
ies of stingless bees and 2 species of 
nging bees; some of these are cultivated 
honey and beeswax, and other species 
e cultivated (in rotting logs in holes dug in 
Id | as pollinators to increase crop yield. 
though little is known about the 
icinal. and other properties of the 
apo’s cultivars, at. least two merit 
on. The red seeds of urucu (Bixa 
) are used to flavour foods and also 
the main ingredient in body paint. Red 
dy paint is widespread for adornment 
ughout Amazonia, but Posey also 
id urucu “to be an effective natural 
sect repellant with a significant reduction 
ich as 84 per cent) in insect bites when 
ted on the body’’®. The wild ginger 
-tu (Zinziber) is used — apparently 
h some effect — as a medicine against 
tinal parasites. 
sey takes to task the common mis- 
mception that fields cultivated under 
id-burn agriculture are totally 
andoned after a few years. Kayapo 
abandoned” fields continue to produce 
sts of yams and taro for 5-6 years, 
ananas for 12-15 and. urucu for 20 years 
ore. The reforestation sequence also 
roduces. a variety of foods that: attract 

































game in artifi cially high densities, and this 


phenomenon is also exploited. The Kayapo 
‘thus. do not have a clearcut demarcation 
between fields and forest, nor between wild 
and domesticated. Rather they have a more 
general system for classification of 
ecological resources that forms a 
continuum between wild and domestic 
ones, all of which figure into integrated 
management strategies” 6, 

Posey also tells some fascinating tales of 
the way myth and ritual interweave with 
natural history facts. One example must 
suffice. The myth: the little red ants are 
gentle like women and they are the 
relative/friend of the manioc; this is why 
women use the little red ant to mix with 
urucu to paint their faces in the maize 
festival; the little red ant is the guardian of 
the field. The facts: manioc has extrafloral 
nectaries that attract the ants, which in turn 
trim away any bean vines that would pre- 
vent the new and fragile manioc stems from 
growing; the beans can climb on the maize, 
which is sturdy enough to shoot up un- 
damaged; and the leguminous beans help 
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fertilize the total crop. Thus, the coevolu- 
tionary relation of ants. to the manioc- 
maize-bean system does indeed facilitate 
the women’s work. 

It is tempting to go beyond this, seeing 
such myth and ritual as functioning to 
regulate the Indians’ use of natural 
resources. Although this may sometimes be 
so, I do not always find Posey’s argument 
compelling: the Kayapo ‘belief system’ 
may simply serve to describe the world, 
rather than to manipulate it. Even so, such 
finely-nuanced description puts these 
people closer to the contributors to Nature 
than is commonly conceded. a 
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Nomenclature 


Code for Spanish names of birds 


Jrom LF. Aguillo and M. Fernandéz-Cruz 


ALTHOUGH publication of the 
International Code of Zoological 
Nomenclature was one of the most 
important achievements of modern 
taxonomy, vernacular nomenclatures 
remain useful as a communication tool; 
common names often hold a lot of 
information, as they represent a particular 
aspect of the relationship between man and 
his environment. The use of vernacular 
names is particularly common in the case of 
ornithology, a science with a high number 
of amateurs and much non-scientific 
literature. In that sense, ornithologists use 
both common and scientific names in their 
papers, giving special value to the former as 
an informative tool. 

There is a great vernacular richness 
associated with birds, in every language 
and region of the world. The amount of 
information available is so large and 
varied, that quite often it is necessary to 
accept widely used names that are not as 
informative as they could be. This is not the 
case with the Spanish-speaking community 
of ornithologists, probably because the 
scientific infrastructure of the regions and 
the ornithological bibliography available 
in Spanish are very scarce. Thus the 
situation is favourable for the vernacular 
nomenclature of birds to be modified 
so that the names are more meaningful. 

Since there are very few lists with 
accepted. names in Iberoamerica, it will 
first be necessary to make a checklist to be 
used as a reference by all of the members of 
the community. Such a project has already 
been launched but its success will require 
the international cooneration af. all ON arca: 





countries integrated in this community. 
The ultimate aim is to produce a system 

iof common names for the Ibero- 
american and European avifaunas, based 
on associative and meaningful names. 

General agreement has led to the 
proposal for a unified Code of Spanish 
common names which states the rules for 
deriving the new nomenclature. Although 
its criteria are inspired by the International 
Code of Zoological Nomenclature, 
informative names will be favoured over 
priority ones. Names will be brief and easy 
to write. and pronounce; and will. be 
selected on the basis of how informative 
they are. 

The unified nomenclature will be 
binominal. The first word will be the 
‘generic name’ which refers to all those 
species that can be grouped in accordance 
with taxonomical, morphological or 
historical-usage criteria. Preferably, the 
name should be derived from the 
vernacular roots of the community people, 
adapting it to the Spanish language. In 
other cases, the name will include 
information about ecology and ethology of 
the bird, but not morphological 
information. The ‘specific name’. will 
follow as an adjective, will characterize 
each species, and represent it in every 
way. This name will include information 
about the bird’s morphology and. appear- 
ance, geographical distribution and so on. 

The Code and details of the proposed 
unification project; in Spanish, are available 
from the authors. at: Catedra. de 
Vertebrados, Facultad de Biologia, Ciudad 


SoLinivercitaria IRMA Madrid Qaan 
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Solid-state perspectives of the photoelectrochemist: y 
: of semiconductor—electrolyte junctions 
F. Williams” & A. J. Nozik 


Solar Energy Research Institute, Golden, Colorado 80401, USA 











asia E c 
ap” cae . — 














energy conversion. 


More than one mechanism is required to account for the photoinduced movement of charg 
semiconductor- electrolyte junctions. Distinguishing the various mechanisms, which is here accompl: 
using a synthesis of theoretical ideas from both solid-state physics and electrochemistry, m 
important consequences in research related to potential applications of liquid junction devices 
















PHOTOEXCITATION of semiconductors in contact with liquid 
electrolytes, followed by charge transfer of the photogenerated 
--eartiers into the liquid, is an important and well-studied 
phenomenon. This process can occur via several mechanisms: 
‘which are generally not clearly differentiated in the literature. 

- Furthermore, there are important similarities, as well as differen- 
“ges, between photoexcited semiconductor-electrolyte, semicon- 
<ductor-vacuum, and semiconductor-solid’ systems. In this 
review, we discuss the mechanisms for photoexcited charge 
ajection within a common framework, and connect the 











wide a glossary of terms that joins the 
physics and electrochemistry and will 

‘discipline with the language of the other. 
o major phenomenological regimes can be identified. If 
he photoexcitation creates charge carriers with energies 
sufficiently large to be injected into continuum states of the 
~ liquid, then this, process is defined as photoemission (PE). On 
“the other hand, if the photoexcitation energy is sufficient to 
bridge the semiconductor band-gap, but insufficient for emission 
‘to. occur into a continuum state of the liquid, the photogenerated 
carriers can still be injected into the liquid. This process occurs 
by charge separation and transport facilitated by the existence 
.. of a space charge (depletion) layer at the semiconductor-liquid 
interface; the process provides the basis for photoelec- 
- trochemistry. We call this process photoinduced charge transfer 
(PCT). 






















Photoemission 

Photoelectric emission from a semiconductor into a vacuum is 
(well understood. The simplest systems for analysis have no 
` surface charge or space charge and their electronic states and 
‘transitions are illustrated in Fig. 1. The vertical axis represents 
total energy of an electron (eigenstate of the electronic hamil- 
tonian). and the horizontal axis is position perpendicular to the 
surface. Within the semiconductor, the highest occupied band 
state at equilibrium is the top of the valance band E, ; the lowest. 
© -wnoccupied state is the conduction band edge E.; the two are 
_ separated in energy by the forbidden gap E,. The energy of an 
electron just outside the semiconductor, with zero kinetic energy, 
lies above E, at the photoelectric threshold Eo, often referred 
. to as the vacuum level. The Fermi level E describes the ther- 
-modynamic occupancy of all electronic states, including dopant 

tates within E, a 
In the photoemission measurements, the semiconductor is 
minated with photons of energy hv and electrons are emitted 
i the vacuum and collected by a metal at an applied voltage 













ased June 1984; Work performed while on sabbatical leave from 


a with other well understood semiconductor concepts.: 


artment, University of Delaware, Newark, Delaware. 19711, 


V with respect to the semiconductor emitter. For the metal t 
is no band-gap and Ep lies at the top of the occupied b 
states. For both semiconductor emitter and metal collector 
work function. W is the energy from E, to the vacuum | 
Two experimental conditions are shown: Fig. 1a fora volta 
V, between collector and emitter just sufficient for all emit 
electrons to be collected; Fig. 1b, for a voltage V. which o 
collects the most energetic electrons. From these measurem 
the photoelectric threshold Ey can be obtained: 


Ey Wet E; = hy+ e( Ve na V) 
where hv is the photon energy. The work function of the 










Fig. 1 Energy diagram.for photoemission from semiconductors ae 
into vacuum: a, voltage that collects all emitted electrons; b, voltage 
us : that aallertc mast enersetic.alectrans: 0 6 






















































ceptor dopant: An impurity which, in the neutral state, tends to 
acceptan electron from the valence band, that is, to donate a positive 

ole. 
diabatic potential: The effective potential for motion of atoms in a 
olecule or in a condensed phase, obtained in the approximation 
that the electrons move rapidly and the nuclei slowly. It consists of 
‘two terms: the nuclear-nuclear (or core~coré) interactions, plus the 
eigenvalues of the electron state with parametric dependence on 
atomic coordinates. 

liistic electron: An electron which traverses the active region of a 
device without generating or annihilating a lattice vibration 
(phonon). 
and structure: The relationship between the one-electron eigenvalues 
andthe quasi-momentum which characterizes electronic states for 
Crystals. For semiconductors a gap of forbidden eigenvalues lies 
ween the occupied valence band and the empty conduction band. 
‘Ifthe maximum of the valence band and the lowest minima of the 
conduction band are at the same value of the quasi-momentum, 
‘that is, T-points, the semiconductor is said to have a direct gap; if 
ot, that is, lowest conduction minima at X- or L-points—an indirect 


nd tailing: The density of states for the band structure of undoped, 
rfectly-ordered semiconductors decreases rapidly to zero at the 
}d edges. Dopants, disorders, space charges and applied electric 
perturb the density of states leading to tailing from the band 
into the forbidden gap. 
sletion region: The space charge region in a semiconductor which 
| depleted of majority carriers and produces a potential barrier for 
eir transport to the interface. 
or. dopant: An impurity which in the neutral state tends to donate 
electron to the conduction band. 
ive mass: Electronic particles in crystals react to an applied force 
they have an inertial mass which is different from the free- 
jectron inertial mass. This mass is designated as the effective mass. 
The difference between the effective mass and the free-electron mass 
“due to the interaction between the electronic particle and the 
eriodic potential of the crystal. 
n~-phonon interaction: The separation of the many-body prob- 
m of electrons plus nuclei in crystals into electronic band structure 
n the one hand and lattice dynamics (phonons) on the other is an 
pproximation. A correction to this approximation involves coup- 
ng between the electrons in their states with the lattice dynamics 
and is called electron-phonon interaction. This interaction is essen- 
for thermalization between electronic particles near their band 


is obtained from the first of these measurements if the work 
function of the collector, W,, is known’. 
e effects of space charge are exemplified by negative elec- 
tron affinity photocathodes’, shown for p-GaP in Fig. 2. 
juilibration with several monolayers of n*-Cs,0 yields a large 
degree of band bending in the p-GaP, arising from the difference 
work functions of these two materials and yielding a space 
large. The eigenstates of the complete electronic hamiltonian, 
cluding the field due to space charge, are now more compli- 
cated than those described earlier, so that the position-depen- 
dent band edges E, and E, in the space charge region have a 
somewhat different interpretation than E, and E, in the space- 
arge-free region. In both regions, conduction electrons and 
sitive holes (empty states in the valence band) which are in 
thermal equilibrium with the lattice move at energies near E, 
id E; respectively. Band-to-band photoexcitation with 
photons bigger than E, produces electrons with energies above 
he conduction band edge in the bulk. These electrons relax 
rapidly in <10 ps, in the flat-band region, and diffuse as thermal- 
ized carriers to the depletion region. From. within this region, 
he photogenerated carriers can be emitted, without relaxing, 
to the conduction band edge E, at the surface. Thus, electrons 
with energies in excess of the energies of thermal carriers in the 
depletion region, that is, non-equilibrated with the lattice at the 


: are one type of non-thermalized electrons, generally referred to 
as ‘hot’ electrons. Their ability to cross the depletion layer 


The language of solid-state physics and electrochemistry _ 


aP/Cs,O interface, are emitted into the vacuum. Such electrons ` 


without thermalizina.in-that region- in contrast to the. sitiation: . 





edges and for the molecular or lattice dynamics. It is also responsible 
for the polaron. 

Exciton: An excited electronic state of crystals in which the excited 
electron and the positive hole are coupled (electron-hole pair); no 
net charge is transported during exciton motion. The effective mass 
exciton is a coupled conduction band electron and valence band 
hole: thus optical creation of effective mass excitons occurs on the 
long wavelength edge of the band-to-band optical absorption. 

Fermi level: Energy level for which the occupational probability for 
an electron is 0.5, under thermal equilibrium conditions. The occu- 
pational probability for a positive hole is also 0.5 at equilibrium. 

Franck-Condon principle: The most probable optical transitions 
between electronic states occur on a time scale short compared to 
the period of atomic motion, that is, molecular or lattice vibrations: 
the positions and momenta of the atoms remain fixed during these 
transitions, Franck-Condon transitions occur vertically. between 
adiabatic potential curves for the initial and final electronic states 
of the transitions. 

Helmholtz layer: The double layer of charge created at a solid-liquid 
electrolyte interface by the adsorption on the electrode of ionic 
and/or molecular species from the liquid. : 

Hot carriers: Electrons or holes that are not in thermal equilibrium 
with the lattice and have energies above the respective band edges, 
in the form of excess kinetic energy. 

Negative electron affinity: Effect produced when sufficient band bend- 
ing is generated in a p-type semiconductor with alow work function 
surface layer such that the position of the conduction band edge in 


the semiconductor bulk is above the vacuum level. Thus, photow t 
emission of electrons into vacuum by band-gap photons can occur’ 


if this happens faster than intraband relaxation in the depletion 
region. 

Polaron: For polar semiconductors, conduction band electrons and 
valence band holes do not move at their respectivce band edges us 
pure electronic particles but rather carry with them a cloud of lattice 
polarization (virtual phonons). The electronic particle bearing lattice 
polarization is itself particle-like and is called a polaron. The polaron 
mass is in general greater than the band effective mass, and quantita- 
tively dependent on the electron-phonon interactions. 

Positive hole: The ground state of a pure semiconductor has a filled 
valence band and an empty conduction band. States of excitation 
are thus best described focusing attention on the small concentration 
of electrons in the conduction band and/or the small concentration 
of unoccupied valence band states. The latter are electronic particles 
called positive holes, often abbreviated to ‘holes’. 


in the flat-band region, results from the existence of a narrow 
depletion layer (<200 A) and the associated large electric field. 

Photoemission into a vacuum is irreversible because of the 
infinity of states in free space. Photoemission from a metal into 
a vacuum can be obtained from the above-analysis by taking 
the limit E, >0, where E, is the band-gap. 

Photoemission from a semiconductor into another phase of 
condensed matter is a valid concept if the electron emission is T 
into continuum states, that is, into the conduction band; for | 
example, of an aqueous electrolyte. The efficiency of emission 
is limited by differences in effective: momentum k and mass: m* 
of the two. phases. The concept can be generalized to include 
positive hole photoemission from the semiconductor into’ a 
continuum of hole states. These processes are illustrated in Fig. 
3 for photons labelled hvpy. The band edges and energy gap 
for the aqueous electrolyte are based on the model for liquid 
water as a large gap, lone-pair, amorphous semiconductor’. 
Figure 3 shows the effects of a space charge arising from the 
inequality of the work functions of semiconductor and elec- 
trolyte, Wo # Wa. For the p-type semiconductor, Wa < WE.: for 
the n-type semiconductor, W,,> W2. These are the usual cases 
since WE. = Wy. t Ep 

Electron or hole. emission involves. interchange between 
kinetic and potential energy; only total energy remains constant 
during the emission processes shown in Figs 1-3. The total 
energy for each electron divides as follows: the energy from the 
Fermi level, E;, up to E, is potential energy; from E, tothe 
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Quantum well: An effective potential well created by a minimum in 
“<< the conduction band or a maximum in the valence band that arises 

<o owhen a smaller: band-gap semiconductor is sandwiched between a 
= larger band-gap semiconductor. When the physical dimensions of 
«the sandwich layers become small (comparable to the mean free 
- path of electrons or holes), conduction electrons and positive 

` valence:band holes are localized in a dimension perpendicular to 
<; the layers because of quantization of the energy states in the well. 
|: Quasi-Fermi level: The energy level for which the occupational proba- 

“bility for-an electronic particle is one-half under steady-state condi- 
tions (time-independent but non-equilibrium). The quasi-Fermi 
levels: for electrons and positive holes. are different because of 
“non-equilibrium concentrations .of injected electronic particles, 

-either electrons and/or holes. 

Redox. couple/redox potential: A redox couple is a pair of electron 

donor and acceptor species in solution that define a. potential for 

charge transfer, At equal concentrations of donor and acceptor 
cies (called the reduced and oxidized forms of the couple), the 
thermodynamic driving force for electron transfer to. the acceptor 
or from the donor are equal. The couple is in equilibrium and this 
condition defines the standard redox potential, E°. redox» Which is the 
electrochemical potential i in the liquid electrolyte. The potential at 

other concentrations is related to Esox through the Nernst 

_ > equation. 

- Solvated electron: A conduction electron in an electrolyte polarizes 
nearby molecules:so that in this region the structure of the electrolyte 
is deformed and the electron acquires close ligands, that is, it is 

. solvated. The solvated electron is, in fact, a polaron of rather large 
mass. 

. Space charge: The double layer of charge produced near the surface 
of a semiconductor in contact with a second phase resulting from 
the initial inequality of electrochemical potentials (that is, work 
function, redox potential, Fermi level) forthe two phases. The 
charge is generally distributed over finite dimensions in the semicon- 
ductor.. 























“level of a condensed e into vacuum with the electron having 
-zero kinetic energy. For liquid electrolytes.the work function. is 
_. identified with the redox potential of the electrolyte. 

Zero-phonon transition: Optical transition between electronic states in 
. which phonons are neither created nor annihilated. The transition 
normally occurs from the zero-point vibrational level of the initial 
state to. that of the final state. 













available to do useful work depends on an electron occupancy 
of state E in excess of thermal occupancies at the lattice tem- 
“perature, and on E ~ Ep; the total available energy is indepen- 
“dent of division into kinetic and potential energy. Similar con- 
‘siderations apply to the positive holes. With applied voltage 
‘and/or photoexcitation, E; may for some conditions be 
described as split into two quasi-Fermi levels for electron and 
positive hole, Ef and E?, respectively. The concept of quasi- 
: Fermi levels is valid if occupancies of electron and hole states 
are separately in accordance with Fermi statistics. 
Photoemission from the semiconductor into the forbidden 
gap, ES. of the electrolyte modelled as an intrinsic semiconduc- 
tor (undoped and free of defects) is obviated by the absence of 
allowed states within E', Here the electronic wavefunction ¢ 
< attenuates exponentially in the electrolyte with a mean distance 
th}. /2mJE", where E' is measured from the band edge. Thus 
photoemission with electron energies within E¢' can occur only 
within a range of a few molecular distances. 
A more complete model of an-aqueous electrolyte takes 
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Fig. 2 Hot electron emission into vacuum resulting from ban 
bending in negative electron affinity photocathode. Energy d 
bution of emitted electrons is shown (from ref. 2). 





the band tails is predicted but with lower probability bec 
of the low densities of states. 

Another mechanism specific to liquid electrolytes i is: 
emission directly into solvated electron states®. This depend 
the molecular polarization and orientation in the vicinity 
trapped electron. The lowest of these states in water lies al 
2 eV below the unsolvated electron states. The solvated elec 
is a low mobility polaron, a quasi- -particle well known 
solid state. Because electron emission is fast compared to 
molecular motion, photoemission directly into solvated el 
states depends on the electrolyte preparing itself sponta ec 
in a state of polarization consistent with the solvated st: 
liquid electrolytes are at equilibrium, the probabili 
pre-transfer polarization into states 2 eV below the ba 
is quite unlikely. Similar considerations apply to the pi 
for photoemission into self-trapped positive hole sta 
electrolyte. 


Photoinduced charge transfer 


Photoinduced charge transfer (PCT) is the process 
electron-hole pairs are first created in the conduction 
valence bands of semiconductor electrodes by absorptio 
photons with band-gap energies; then separated by the field 
a depletion layer at the semiconductor-electrolyte interf 
finally electrons or holes are injected into the electrolyte to dri 
redox reactions. For n-type semiconductors, the holes move 
the semiconductor-electrolyte interface to generate an oxida’ 
reaction (semiconductor is a photoanode); for p-type sem’ 
ductors, electrons move there to generate a reduction reac 
(semiconductor is a photocathode). Photoinduced: elec 
transfer is illustrated in Fig. 3a and hole transfer in Fig. 3b 
photons labeled hyper: PCT can occur from carriers with én 
gies near the band edges in contrast to the energy. required 
photoemission. In addition, under certain conditions, fast 
by direct injection into dopant or defect states of the electro 
may be possible. Processes involving PCT have been’ extensiv 
studied in recent years, and many reviews are available’ 
The impetus for this research is the potential „applicatio 
liquid junction devices to solar energy conversion’"'?: Photoele 
trochemical cells containing photoactive semiconductor elec 
trodes can be used either to drive redox reactions (for exampl 
water splitting, CO, reduction, and N, reduction) produ 
fuels and chemicals, or in electrochemical photovoltaic cells to 
produce electricity. 


account of band tailing: that is, the allowed eigenstates tail into 
he forbidden gap. This shows itself in the exponential tail of 
optical absorption of amorphous semiconductors and. is 
ent inthe vacuum ultraviolet absorption of water’. In gen- 
, band tailing can be explained in terms of the microfields 
rated by departures from a perfect periodic potential so 
sharp E; and E; no longer exist’, or, alternatively, in terms 
hich undulate spatially because of compositional 
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The important distinction between PCT and photoemission 
is that in the latter the photogenerated electrons or holes.are 
injected into the continuum states of the electrolyte, whereas in 
PCT the photogenerated carriers are injected into dopant o 

` defect states that exist in the band-gap of the electrolyte. Dopan' 
States are associated with the redox potential of redox couples 
added to the liquid, whereas defect states are redox potentia 
associated with the liquid itself. The latter are the native defects: . 
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y 3. Photoemission and photoinduced charge transfer (PCT) 
esses from. semiconductors into liquid electrolytes: a, for elec- 
ns; b, for holes. Photoemission occurs with hype; PCT occurs 

hiper: The PCT processes are shown for Type I and Type u 
arrier injection. Thermalized PCT processes inject the carriers 
m the bottom of the semiconductor conduction (or valence) 
d at the semiconductor-liquid interface. The energy distribu- 
n of the electron acceptor in the electrolyte is shown, and arises 
fluctuations of the solvation shell around the acceptor (see 
Fig. 4 for further details). 


er, Thus, the distinction is based primarily onthe nature of 
elevant electronic states of the electrolyte, rather than on 
nsic differences in the nature of the photoprocesses in the 
iconductor; This is evident in Fig. 3. 

n PCT, the carriers injected into the electrolyte can either 
ully thermalized in the semiconductor or not. When thermal- 
the’ photogenerated electrons and holes arrive at the inter- 
ith energies corresponding to the band edges E, and E, 

e surface, respectively. These carriers always remain in 
ibrium with the lattice through electron-phonon interac- 
, and dissipate the kinetic energy created by band-bending 
epletion layer as heat, as the carriers traverse the deple- 
layer. In thermalized PCT, only redox potentials that lie 
ithin E, of the semiconductor at the interface are accessible 
he injected charge. 

‘or the case of non-thermalized PCT, illustrated in Fig. 3, 
photogenerated carriers are injected into the electrolyte 
efore they have undergone complete thermalization as they 
: from bulk semiconductor into the electrolyte. This process, 

d hot carrier injection, has been analysed in some detail 4, 

is ‘discussed further below. For hot carrier injection, redox 
‘ouples that have potentials outside E, of the semiconductor at 
‘liquid contact are accessible. 

inally, we discuss the role of surface states, In semiconduc- 
acuum and semiconductor-solid interfaces, the major effect 
ürface states is to pin the Fermi level so that the band-bending 
ndependent of, or insensitive to, the nature of the second 
se contacting the semiconductor. In semiconductor-liquid 
iterfaces, the nature and effects of surface states can be quanti- 
vely and qualitatively different from those of solid state 
funetions First ianic species in the electralvuteccan he enerifieally 
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Fig. 4 a, Adiabatic potentials for ground (reduced) and ionized 

(oxidized) states of dopants in polar semiconductors, insulators 

or electrolytes, with Franck-Condon and zero-phonon transitions. 

b, Probability distributions. for radiative transitions. c, Electronic 

energy levels, with thermodynamic dopant level E, and effective: 

densities for transitions. For redox couples in electrolytes E, is 
identified with E” aox (see box). 


adsorbed onto the semiconductor either to passivate surface 
states or create new ones’, Second, Fermi level pinning or 
surface state charging under illumination can move the relative: 


energy levels of the semiconductor with respect to those of the. o 
liquid electrolyte, and hence affect the kinetics of charge trans- <> 
fer'®-'®, Finally, surface states can mediate the charge transfer 


such that it occurs from the surface state rather than from the E ; 
semiconductor band edges”’; this could also have a very large 
effect on the kinetics of PCT. 


Large-gap amorphous semiconductors. 


Liquid electrolytes such as water can be described, with respect oem 


to electronic states, as large-gap amorphous semiconductors. 
The optical properties of pure and doped liquid water have been - 


explained with this model’. It also provides the basis for interre : 
lating some electrochemical concepts (for example, redox cow 


ples) with semiconductor concepts (for example, donor and 
acceptor dopants). However, semiconductor theoretical analyses 
of electrolyte-semiconductor junctions require modification to 
take account of the large density of mobile ions in liquid: elec- 
trolytes. 

Charged point defects in crystalline semiconductors or insu 
lators are well known to have bound states for electronic par- 


ticles: bound electron states for a positively-charged defect and 


bound hole states fora negatively-charged defect—termed donor 
and acceptor dopants,”! respectively. Some uncharged dopants 
bind an electron: or a positive hole and are referred to as 
isoelectronic dopants”? 3 

These dopants in polar semiconductor or insulators. have 
bound states whose energies are. dependent i on occupancy. This 
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ue ‘ioualized i in detail by considering the adiabatic potentials V(R) 
-fortwo states of occupancy, as shown in Fig. 4a. V(R) is the 
“interaction ‘potential between the atoms, in the region of the 
©. dopant with position coordinates R,, Rz, R3, ..., symbolically 
represented by the single coordinate R, and is dependent on 
o7 electronic state. Thus, the equilibrium value for R is different 
-c depending on whether or not an electronic particle is bound to 
-> the dopant. Optical attachment or detachment of the particle in 
< accordance with the Franck-Condon. principle (see standard 
> texts, for example, ref. 23, and box) will be followed by lattice 
relaxation from the equilibrium position of the initial state to 
that of the final state. 

The V( R} are assumed harmonic with the same force constant 
or the ground and excited electronic states; the change in 
olarization energy is designated A (anticipating identification 
ith change i in solvation energy for ions in electrolytes); hvo is 
he zero-phonon transition energy and equals E, which deter- 
mines the thermodynamic occupancy of the two states; hv, and 
_hyv,.are the Franck-Condon transitions for optical absorption 
ionization) and emission (deionization), respectively. In Fig. 
4b the probability distribution for these transitions is shown. 
Their band widths and Stokes shift are.consequences of zero- 
point and thermal occupancy of the initial state, and of the 
transformation from the R-coordinate to transition energy. 
>> These states and transitions can be approximately represented 

_.. on an electronic energy level diagram as shown in Fig. 4a. We 

emphasize, as have others’, the differences between V(R) and 

~ electronic energy E. E lies at that energy below the conduction 
“band edge E,, with the approximation that E, is independent 
: of local polarization. For Franck-Condon transitions, the effec- 
tive densities of states, a E), for ionization and de-ionization 


























ectrolytes The two states of occupancy correspond to reduced 
nd oxidized forms of the couple, that is, dopant, similar to 
“those shown in Fig. 4. The structure of the liquid does not have 
i translational periodicity and therefore its lattice. dynamics are 
«not describable by phonons; however, the relaxation process is 
describable in terms of local modes and is basically the same 
as if the matrix for the dopant were crystalline. The V(R) for 
each electronic state-of occupancy or of excitation is character- 
: ized by different equilibrium molecular coordinates R, now in 
‘the'solvation shell; A is the energy associated with the reorganiz- 
ation of the solvent molecules around the redox species as it 
:: becomes oxidized or reduced. In general, the force constants 
= are different but here are approximated as the same. The energy 
distributions of oxidized and reduced forms of a redox couple 
an be related respectively to those of ionized donor (or neutral 
cceptor) and those of neutral donor (or ionized: acceptor). of 
| = point charged semiconductor dopants. However, the non-radia- 
tive charge transfer transitions for redox couples in electrolytes 
have different energy dependences than radiative charge transfer 
“transitions for dopants in semiconductors if the former involve 
‘prior reorganization of the coordination: shell: that is, if the 
transfér occurs adiabatically rather than vertically. This is, of 
: x course, basic to the Marcus theory”. On the other hand, Franck- 
= Condon effects have been effectively invoked by Gerischer”® to 
< describe charge transfer at metal-electrolyte and semiconduc- 
- tor-electrolyte junctions. Tunnelling of electrons or positive 
“holes from electrolyte to semiconductor or metal in accordance 
with the Franck~Condon principle, that is with fixed atomic 
coordinates, will be at the energies and. with the band widths 
Fig. 4. 
‘The transfer of electronic charge between a redox couple and 
electrode involves only the states of the couple, not those of 
sr free or solvated electrons, and thus the thermodynamic 
itial of the couple, E, of Fig. 4c, will be at the Fermi level 
the electrode. Ionic transport maintains continuity of current 
ox couple. This differs from charge transfer in semicon- 
fare: far which Fermileveleare determined: hw: condictian 
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and valence band edges, as well as by dopant states; these ban 
states are necessary for current continuity because of the absen 
of significant ionic transport in most semiconductors. The e3 
planation of this difference is that the dopants in liquid elec 
trolytes are fully compensated by other dopants or by nativ 
defects. Thus conduction electrons or valence band. holes a 
not present in normal electrochemical processes; they a 
unnecessary in view of the presence of mobile ions, In othe 
words, for PCT the redox couple is decoupled from the ban 
structure of the electrolyte, whereas the semiconductor dopar 
is not decoupled from the band structure of the semiconduc! 
However, for photoemission the relationship of the states ¢ 
redox couple to the band structure of the electrolyte is, of cou 
important; in this case the redox couple is not decoupled fr 
the electrolyte band structure. i 

The difference between semiconductor-electrolyte junction 
and semiconductor-semiconductor junctions is thus evident 
PCT. For semiconductor-electrolyte junctions, electrons or 
tive holes can be injected into redox couples and continuity 
current satisfied by ionic transport; for semiconductor-semic 
ductor junctions electron or positive hole injection from cond 
tion or valence band states of one semiconductor into dop 
states within the gap of the other semiconductor is obviated 
the absence of continuity of current owing to the immobility 
the dopants and the absence of inter-dopant charge transp 
However, for photoemission the relationship of the states of th 
redox couple to the band structure of the electrolyte is, of cou 
important. 

Finally, semiconductor-liquid electrolyte junctions invo 
space charge, in the electrolyte from accumulation of. deple 
of mobile ions, and in the semiconductor from electroni ; char, 
transport for equilibration'*. The electrolyte is charge ç 
pensated so that its Fermi level lies near the middle of its € 
gap. For moderate electrolyte concentrations, the mobile i i 
lead to a narrow space charge, that is, Helmholtz layer, si 
as regards high density of space charge, to a junction invo) 

a semiconductor doped to degeneracy. Dilute electrolytes 
to.a wider space charge analogous to low doped semicordu 


Hot carrier photoinduced charge transfer 


Mobile electronic particles are normally equilibrated. with 
lattice modes; thus, occupancy of the electronic states is char 
terized by the same temperature as that for occupancy of phono: 
levels. Exceptions occur under severe perturbations, 
example, high electric fields, during which energy is acqui 
by the electronic particles faster than thermalization with. 
lattice occurs. In this way the energies of the electrons and 
holes increase and the particles are referred to as.hot-althot 
their energy distribution may not in general be describable 
a temperature. If the density of the carriers is high, that i 
=10'*cm™>, collisions among carriers are sufficiently freque 
for the distribution to become maxwellian”’: otherwise the ca 
rier distribution is non-maxwellian. A well-known exampl 
the displaced maxwellian for an electron gas in an applie 
electric field, in which the normal velocity distribution is shif 
for its velocity component in the direction of the field. Photoger 
erated hot carriers have, of course, initial distributions deper 
dent on the spectrum of the photoexcitation: for example, w 
a monochromatic source and excitation limited to transition! 
with Ak = 0, the initial photo-electron and photo-hole distribi 
tions will each be a 5-function. For dilute electrons in intense 
electric fields, over distances less than the mean free path fi 
phonon scattering, ballistic motion occurs. This phenomenon 
has been reported for short semiconductor devices?’ 
The energy distributions of photogenerated conduction ele 
trons and valence band holes, in the region of a semiconducto: 
electrolyte junction, depend on the photoexcitation spectrum, 
on intraband relaxation, on interband electron-hole recombin: 
tion, on the rate of charge transfer from semiconductor. to 
electrolyte, and on the dependence of that rate on electroni 


energy. The magnitudes of these rates have been estimated, wi : 
attention to the effects :af-anantizationn of electronic states in” 

















































depletion faves on intřaband relaxation h"? and. hot 
er transfer predicted from states below the band edge of 
the bulk semiconductor but higher than thermal energy above 
edge at the interface. These are defined as Type I hot carriers. 
pe IH hot carriers are distinguished as having energies more 
an thermal energy above the band edge of the bulk semicon- 
ductor. These processes are illustrated in Fig. 3. 

transfer of photoexcited carriers across semiconductor-elec- 
olyte interfaces have been analysed using the master 
equation". The total current depends on charge transfer versus 
‘ecombination. The energy distribution of the charge transferred 
pends, in addition, on relaxation, density of depletion layer 
es; and the energy ‘window’ through which transfer occurs 
the redox couple. Back transfer is assumed negligible in this 


Experimental evidence for Type I hot electron injection across 
illuminated semiconductor-electrolyte interfaces has been 
obtained for p-GaP (ref. 29) and p-InP (ref. 30) electrodes in 

‘on-aqueous electrolyte. In these experiments, reduction reac- 
tions of electron acceptor species having redox potentials above 
at the surface are observed. Such reactions are called supra- 
-edge redox reactions, and can only occur via a hot carrier 
ss if the semiconductor band edges do not move with 
| to the electrolyte redox levels, during the experiment. 
absence of band-edge-movement was established through 
toring of the band-edge energies by capacitance measure- 
nts. For p-GaP, the electron acceptor was anthracene (0.9 eV 
e E o), and for p-InP, the electron acceptor was p-nitro- 
zonitrile (0.5 eV above E.). 








ntization in small particles 

quantization effects, previously discussed for narrow deple- 
layers in planar semiconductor-electrolyte junctions’, a3 

‘well established for semiconductor quantum wells??? are 
also evident for small semiconductor particles (20-200 A 
ameter) suspended in electrolytes****. For the latter, the con- 
ion and valence bands are separately fully quantized in 
e dimensions into discrete states, and the effective band gap 
‘eased as the particle size becomes very small. This essentially 
produces a hot carrier effect in that the kinetic energy is increased 
he confinement. The effect is dependent on effective mass, 
and is thus material dependent; size quantization effects appear 
h larger particle sizes for semiconductors with smaller elec- 
effective mass. For the same material, the confinement effect 
ifferent for different extrema of the band structure’*; for 
mple, the low effective mass [-conduction band minimum 
tetrahedral semiconductors is perturbed more than the higher 
tive mass X- and L-band minima. For quite small particles 
irect-gap tetrahedral semiconductors, size quantization per- 
ys the effective band edges into the non-parabolic region of 
T minimum. For very small particles, for example, ~20 A 
CdS, ‘degeneracy of the three conduction band minima is 
di 


In addition to the separate perturbations of the conduction 
d valence bands, small dimensions may result in correlation 


ment dimensions (D) become comparable to or less than 
Bohr radius of bulk excitons (rg), for example D<rg~ 
00 A for GaAs (refs. 36-38). This effect i is well established for 
minar semiconductor quantum wells*’. For small semiconduc- 
tor particles suspended in electrolytes, the effect of correlation 
on the band structure itself also becomes appreciable as a result 
of the electron and hole being confined to a single particle. The 
effects of correlation on band structure and excitons both depend 
soccupancy of states, and are present or not depending on 
details of the optical experiment; for photoexcitation, the 
essible electronic states, whether originating from band or 
tonic states, are affected by the Coulomb correlation of 


plactran and hale: far nhataamiccinn nr fact BOT tha acraccihte 














states are, to.a good approximatio band states. quantiz z by ; 
confinement, but quite distinct from excitonic states; = <0 

In general, for semiconductors with low effective mass elec- 
trons, the confinement perturbation is greater than the Coulomb 
correlation. Thus, for photoexcitation, photoemission or PCT 
the general features of bulk band structure are predicted tò 
survive in quite small particles, with the forbidden gap increased. 

Some of these and. related effects have already been found 
experimentally, for example, the predicted blue shift in absorp- 
tion spectra?” However, the distribution of particle sizes in 
currently available experimental samples gives rise to broad 
spectra, rather than the discrete spectra predicted theoretically 
for particles of uniform size and shape. 

Size quantization effects with small semiconductor particles 
in electrolytes should lead to important modifications in the 
nature of charge transfer and the attainable power conversion 
efficiencies in photochemical devices: for example, shifts in 
effective photochemical redox potential have been. predic- 
ted*?**, Also, unusual kinetics are expected with photoexcita- 
tion of very small particles: for example, electron-hole recombi- 
nation will occur in pairs (geminate recombination), with each 
pair confined to a particular particle, rather than by the second- 
order process of bulk semiconductors 





Conclusions : 
Photoelectron emission and photoinduced charge transfer at’ 


semiconductor-electrolyte junctions can be clearly. distinge  ~ 


uished. These junctions can be described: by semiconductor 
heterojunction theory if modifications are made to include the 
effects of charge compensation and of the mobile ions in the 
electrolyte. Dopants in polar semiconductors and redox couples 
in electrolytes are similar as regards polarization changes on 
occupancy but differ as regards equilibration with band edges. 
Surface states can play an important role in semiconductor- 
electrolyte junctions in that in addition to the possibility of 


pinning the Fermi level as in solid state junctions, they may. . Hi 
interact strongly with the electrolyte, cause band movement with 


respect to the electrolyte redox potential, and mediate charge 
transfer to the electrolyte. Hot electrons were predicted theoreti- 
cally and found experimentally. Two types of hot carriers can 
be distinguished on the basis of their electronic kinetic energies 
in depletion layers and in the semiconductor bulk, respectively. — 
Quantization effects can occur in narrow depletion layers. and... 


in small semiconductor particles. This can cause major changes. ; 


in optical properties and charge transport. 
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A radio source in the outer heliosphere has been detected by the plasma wave receivers on Voyagers 1 and 2. The r ra 

` emission is observed in the frequency range 2-3 kHz, and is above the local solar wind electron plasma frequency when 

"supporting plasma ‘density data are available. The maximum spectral density of the emission recorded 

«107! V? m°? Hz”. The bandwidth of the radio noise is ~ 1 kHz. Possible sources include continuum radiation fr 

< Jupiter’ s distant magnetotail and radiation at the second harmonic of the plasma frequency at the heliopause. y the lat 
z interpretation is correct, these data represent the first remote observations of the heliopause. : 





and 2 spacecraft are currently sampling the 
ironment at heliocentric radial distances of 
ctively. Since the Saturn encounters in 1980 
plasma wave data have shown very little activity = 
outer helicsphers. The primary waves observed include z5 
ccasional electron plasma oscillations and ion-acoustic waves, n 
: ‘sometimes detected in association with interplanetary shocks. S 
Figure 1b shows the trajectories of Jupiter, Saturn, Uranus and Sun Jupiter Saturn Voyager 2. Uranus = 
© Voyagers land 2 for the interval 30 August 1983 to 21 February la. 3 tan Jo 
1984; during this time a radio emission near 3 kHz was being 5 D 13 
detected by the plasma wave instruments on both Voyagers. p (av) 
Figure 1a shows a meridional view of the outer planets and the b ; ! 
trajectories. of the two Voyagers: In this view, the abscissa is in oF 
the ecliptic plane and the positions of the various planets and 
_ spacecraft have all been rotated into the same plane. 
~~ The observations discussed here were obtained on both i 
oyager spacecraft using identical plasma wave receivers which sl Jupiter" 
easure the electric field component of plasma and radio waves se (Satire i 
the frequency range 10 Hz to 56 kHz by the use of 16-channel 2 
spectrum analysers and wideband receivers with passbands of = 
<40 Hz to 12 kHz (ref. 1). 








Voyager 1 Z 


















































eee -10r l Voyager | \ Voyager 2 4 
Observations 
`: During the period from 30 August 1983 to the present, a very eee eames | 
weak signal has been apparent in the 3.11-kHz channel of the i 1 L 1 id 
< Voyager 1 plasma ‘wave instrument. The 3.11-kHz data for a -15 -10 -5 0 
:».6-month interval are plotted as a function of time in Fig. 2. Each x (au) 
`. -> pointin Fig. 2 represents a 51.2-min average of the electric field 
spectral density in the 3.11-kHz channel. It is apparent that after 
-about day 242 (30 August) 1983 a smoothly varying signal was Fig. 1 The trajectories of Jupiter, Saturn, Uranus, and Voyages 
continuously present. Amplitude variations within the 51.2-min 1 and 2 during the interval 30 August 1983 to 21 February 1934. 
averaging intervals were small compared with the long-term when the Voyager 1 plasma wave receiver was detecting a new 


radio emission in the frequency range 2-3 kHz, Evidence from 


idtions seen in Fig. 2. Beginning at about day 292, the vari- i ; 
: A : a 4 Voyager 2 indicates the radio emission may have been observable l 


ons appear to be quasi-periodic with a period of about 26 
Thi from that vantage point.over a similar interval. a, The positions. 
5. Am5 is close to the sidereal period of the Sun, hence, we of the outer planets and the Voyager spacecraft rotated. into | 


the solar wind may be responsible, in part, for the single meridian plane. with the p-axis lying in the ecliptic plane. 

mplitude variations. There also seems to be a gradual overall b, The projection of the trajectories of the same bodies in th 

tion in the amplitude of the emission with a rise from the ecliptic plane with the x-axis pointing in the direction of the first 
inset near day 242 to the peak near day 285 and a-subsequent ` -point in-Aries, y ERS 









5x 107 1S - 
Day 225 250 275 
1983 






decrease in amplitude towards the end of the plotted interval. 
ring this entire time interval, no signal was detected in the 
62-kHz channel. For a few one- or two-week periods a much 
eaker emission could be seen in the 1.78-kHz channel. 
Several times. during the interval plotted in Fig. 2, the 
ideband channel of the Voyager 1 plasma wave receiver was 
rrogated. For each wideband interrogation, four contiguous 
frames’ of plasma wave data with high temporal and 
tral resolution were obtained. In each wideband frame 
smitted after day 242 1983, a weak band of emission near 
z could be seen. Table | summarizes the wideband observa- 
of the 3-kHz emission by both Voyager spacecraft. SCET 
pacecraft event time for each wideband observation and 
in are the frequencies of the peak of the emission and 
w-frequency cutoff, respectively. The electron plasma 
ney as determined by the Plasma Science instrument (J. W. 
her, personal communication) is labelled f,. 
example of one of the wideband frames is shown in Fig. 
he format of a frequency-time spectrogram where the 
litudes of waves are plotted as a function of frequency and 
The most intense waves are black. In Fig. 3, the intense 
at. frequencies below | kHz are interference from the 
ation of the onboard tape recorder used to record the 
band data. The very narrow tones at 2.4 and 4.8 kHz are 
st and second harmonics of the spacecraft power supply. 
‘diffuse noise seen between 2 and 3 kHz is the emission 
h accounts for the signal received in the 3.11-kHz channel 
lotted in Fig. 2. This spectrogram is typical of the others 
ved since day 242 1983, except for variations in the signal 
trength and minor variations in the lower frequency cutoff of 
ie emission. The data from a 4-s interval in the spectrogram 
Fig. 3 were averaged to form the spectrum shown in Fig. 4a 
ich illustrates the detailed structure of the emission band. 
© power supply interference tone at 2.4 kHz, which rises out 
the middle of the emission band, and a notch filter which 







Time (s) 


ig. 3 Spectrogram showing the intensity of waves. as a function 

tequency and time for a 20-s interval. The diffuse emission seen 

between 2 and 3.5 kHz is the new radio emission reported here. 

narrowband tones at 2.4 and 4.8 kHz as well as below about 

Hz are spacecraft interference. Start time 2021: 52 SCET of day 
307, 1983; R= 17.9 au; celestial lat, = 25,5°, 





























1984 


‘ig. 2 Electric field spectral densities from the Voyager 1 3.11-kHz plasma wave receiver channel plotted as a function of time for slightly 
more than six months. Each point represents a 51.2-min average. The radio emission first appeared on day 243 1983. 


in the spectrum at 2.4kHz may be due to the notch filter, but 
we cannot rule out the possibility of a complex spectral structure 
which is inherent in the radio emission itself. 

The Voyager 2 3.11-kHz channel sensitivity is not as great as 
that on Voyager 1 because of a partial failure in the Voyager 2 
Flight Data System which occurred shortly after launch. Hence, 
at these low wave amplitudes we do not see any response in the 
Voyager 2 spectrum analyser channels. On the other hand, 
wideband frames obtained from Voyager 2 (which are unaffected 
by the Flight Data System failure) show a feature which is very 
similar to that shown in Fig. 3 (see Table 1). The earliest Voyager 
2 wideband frame showing evidence of the emission was 
obtained on day 257 (14 September) 1983 when the spacecraft 
was 12.7 AU from the Sun, Samples showing evidence of the 
emission were also obtained on days 294, 307, and 339 of 1983 
and day 3 of 1984. Because no wideband frames were obtained 
on Voyager 2 between day 228 (when the emission was not seen 
in the wideband data) and day 257, it is possible that the signal 
has been continuously present at Voyager 2 since about day 243 
as was the case for Voyager 1. This close correspondence in 
onset times observed at two locations separated by nearly 10 AU 
Suggests the two spacecraft are detecting a temporal change as 
opposed to a spatial variation. 

Figure 4b shows a spectrum taken on day 307 by the Voyager. . 
2 plasma wave instrument. The receiver threshold is not quite. ; 
as low as in the case of Voyager 1, but the similarity between 
the emission just below 3 kHz with the feature shown in Fig. 
4a can be readily seen. Note that the amplitude of the emission 
is nearly identical to the emission observed by Voyager 1. 

The Voyager 2 observations of the emission are important in 
our identification of the emission as.a radio signal because the 
plasma instrument” on Voyager 2 can provide a measure of the 
local electron density, hence, plasma frequency. (The Voyager > 
1 plasma instrument has not functioned since shortly after the 
Saturn encounter.) If the emission is a freely propagating radio © 
emission, then it must lie above both the electron plasma 
frequency and gyrofrequency. For four of the five days when 
wideband data are available, a determination of the density 
from the plasma instrument yielded values tanging from 0.02 
to 0.04cm™ as shown in Table 1 (J: W., Belcher, personal 
communication). The respective plasma frequencies range from 
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Table 1 Wideband waveform observations of 3-kHz radio emissions 





Year Day SCET fo(kHz) fain (KHz) J, (kHz) 

Voyager 1 

83 283 1407 28 19 NA 

83 307 2022 2.9 18 NA 

83 339 1720 3.0 19 NA 

84 3 1619 3.0 2.1 NA 
Voyager 2 

83 257 1940 3.0 2.7 1.4 

83 284 1452 2.8 1.9 NA 

83 307 1633 28 2.0 1.3 

83 339. 1747 3.0 26 13 

84 3 1805. BP BF 18 


NA, not available, 









: Fig. 4 a, 4s average spectrum taken from the 
spectrogram shown in Fig. 3 at 2021: 56 SCET. 
The shaded portion of the spectrum corre- 
-i sponds to the new emission. Note that the inter- 
pretation: of the spectrum is complicated by the 
existence of a notch filter and power supply 
"tone centred at 2.4 kHz. b, A 4-s average spec- 
trum of the 3-kHz radio emission observed by 
Voyager 2.at a time (1632: 05 scEeT) very close 
rhen the emission shown in a was observed 
Voyager 1: Note the similar amplitude of 

the features near 3 kHz in. a and b. 
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1 3 kHz to ~1.8 kHz because f,(Hz) =8 980V n, n., Where n, is the 
ectron density in cm”. For days 257, 307, and 339, the values 
fp are obtained from the 3-min determination of n, made 
closest to. the wideband. frames and have’ errors of ~10%. No 
reliable measurement is available for day 284 and the value for 
“day 3 of 1984 isa daily average used in the absence of detailed 
-analyses which are not yet completed. The low-frequency cutoff 
oof the emission ranged from ~2 to:nearly 3 kHz over the five 
“intervals of wideband data. In each case, the emission exhibited 
-a low-frequency cutoff which was well above the local electron 
-plasma frequency. As the emission lies above f, and the electron 
gyrofrequency in the solar wind is much less than Fp, the emission 
eets a necessary condition for being a freely propagating radio 
ave. It is easy to speculate that the periodic dips i in the emission 
plitude seen in the Voyager | data plotted in Fig. 2 are due 
e passage | of relatively high-density structures in the solar 
d with high-speed streams which shield the space- 
‘source of emission. 
Vith the available data, it is not possible to confirm that the 
mission is.a freely propagating radio wave; however, we can 
eliminate local plasma phenomena with a high level of con- 
fidence. There are two types of local (non-propagating) 
‘phenomena which. have been observed at, or above, the local 
plasma: frequency in the solar wind. The most familiar waves 
in this frequency regime are. electron plasma oscillations or 
‘Langmuir waves. The observed waves are almost certainly not 
plasma oscillations as the bandwidth of the observed emission 
“is. much larger than that for plasma oscillations, particularly at 
E low amplitudes and plasma oscillations are characterized by a 
very sporadic temporal character. The observed emission shows 
‘only very smooth variations in amplitude with time. 
The second type of local phenomena which might be con- 
„sidered are quasi-thermal electrostatic plasma waves’. Hoang 
et al? discuss the spectral form of the thermal plasma emission 
:- im detail for both long and short (compared with the Debye 
- length) antennas. For the typical solar wind observed in this 
epoch by the two Voyagers, the density is 0.05.cm™ 3 hence, even 
with a temperature.as low as | eV, the Debye length i is >30.m, 
compared with an effective antenna length on the two Voyagers 
of 7 m. Therefore, the short antenna results of Hoang et al. are 
». Yelevant to this discussion. The quasi-thermal plasma noise 
detected by a short antenna has a power law spectrum with an 
-index of —1.5 and shows.no peak and no cutoff at fp. The spectra 
shown in Figs 3 and 4 exhibit both a low-frequency cutoff and 
at least one peak. These waves, therefore, are clearly not the 
thermal electrostatic waves discussed by Hoang et al’. 
Table 1 also shows that the frequency of the peak in the 
fission is nearly the same at both spacecraft despite the rela- 
; large variations in local plasma: conditions which would 
expected: between: two points separated by ~10 AU. The 
rly constant frequency would not be expected if the emission 
local effect. Finally, the fact that Voyagers land 2 both 
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propagating radio emission and against a local pla 
phenomenon. 


Possible sources 


Several possible sources exist in, and beyond, the outer | ] 
sphere for the radio emission reported here. The ‘emis: 
most reminiscent of continuum radiation trapped in Ju 
distant magnetotail because it lies in a very similar frequen: 
range. Figure 5 shows an example of the continuum radiati 
observed 2,019R,; downstream from Jupiter’, where R; i 
radius of Jupiter. Given that the continuum radiation is conf 
to the tail cavity by the surrounding high-density solas 
close to Jupiter and also given the geometry of the obse 
presented in Fig. 1, it is clear that the emissions woul 
propagate down the j jovian tail to a point where the 
at a frequency greater than the surrounding solar wi 
frequency. Having reached this ‘window’ they could 
sequently propagate freely and possibly escape in the dit 
of the Voyager spacecraft. 

However, a comparison of the two spectra from t 
heliosphere in Fig. 4 with that in Fig. 5 taken in Jupite 
suggests that the two emissions have. different source 
spectrum of trapped continuum radiation varies as J% 
a ranges between 3 and 6 (ref. 5). The radiation in Fig. 4 clea 
does not show that type of frequency dependence. Moreoy: 
the other waveform samples from both Voyagers of the n 
radio emission do not deviate greatly from the form show 
Fig. 4. Hence, to identify the spectra in Fig. 4 with j 
continuum radiation, one would have to rely on the solar 1 
medium to reshape the spectrum. The general consis 
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Fig. S A 4-s average spectrum of continuum radiation trapped i in: 

the jovian tail 2,019R, downstream from Jupiter (shaded portion). 

obtained by Voyager 2on 1 February 1980 at 0016: 26 scET. Notice- 

that this emission is sharply peaked at lower frequencies.i in contrast 
: to the emission shown in Fig. 4. ee 











recently obtained spectra is inconsistent with such a shaping 
rocess. 
An analysis of the amplitude of the new emission also argues 
gainst a jovian source. If the continuum radiation escaping 
m. the tail of Jupiter were to be emitted from some point 
long the tail (assumed to extend in the anti-solar direction 
rom: Jupiter), one would expect to see an approximate R~* 
ependence i in the intensity of the emission from the exit ‘win- 
iow’. From Fig. 1, we see that Voyager | and 2 are about 14.8 
and 6.4 AU from the jovian tail axis, respectively; hence, one 
Ould expect a signal more than a factor of 5 times larger at 
oyager 2 than at Voyager 1, but waveform samples taken on 
both spacecraft on 3 November (shown in Fig. 4) indicate that 
spectral density at the peak of the emission band is nearly 
lentical at both spacecraft. (We have used a calibration tech- 
ique similar to that used by W.S.K. et al which avoids the 
yager 2 calibration uncertainty.) Also, the intensity of the 
oyager | spectrum obtained at 18 AU is only a factor of about 
less than that obtained only 2,019R, (~1 AU) downstream 
rom’ Jupiter. Hence, it seems difficult to understand the emission 
vian in origin on the basis of intensity. 
We have also performed a power spectrum analysis on the 
presented in Fig. 2 to look for variations near the rotation 
od of Jupiter since some of the radiation detected in the 
ant jovian tail shows amplitude fluctuations with a period 
out 10 h (ref. 6). No periodicity near 10h was detected. 
Thus, while Jupiter initially seems a likely source for the 
nission on the basis of the frequency of the emission, the 
ectral shape, the lack of spatial variation in amplitude, and 
lack of 10-h periodicities cast serious doubts on this interpre- 
on. Below, we examine other possibilities for the source of 
emission. 
ntinuum radiation trapped within Saturn’s magnetosphere 
also been detected®. Although the position of Voyager | 
ht seem to be ideal to detect such saturnian radiation when 
ne examines only the ecliptic plane projection in Fig. 1b, Fig. 
shows that the spacecraft was actually 8 AU north of the 
ptic; hence, it is difficult to understand how any radiation 
om Saturn could propagate to either of the spacecraft. 
foreover, as with Jupiter, the saturnian continuum radiation 
ctrum does not match the spectra in Fig. 4. In addition, the 
turnian radiation is even weaker than Jupiter’s, thus, we con- 
jude that Saturn is not a likely source for the newly detected 
dio emission. 
“Uranus is another possible source for the radiation as we do 
it. know what radio emissions from Uranus might look like. 
sing observations of the Earth, Jupiter, and Saturn as guides, 
e upstream planetary radio emission which most closely 
sembles the new emission is escaping continuum radiation 
om the Earth”? and Jupiter’. The escaping continuum radi- 
n from those planets is extremely weak, however, and even 
rants had similar emissions, they could not be detected by 
ther Voyager spacecraft at their present distances unless the 
jurce. was extremely bright. Other types of planetary radio 
emissions are intrinsically more intense than the continuum 
radiation, their dynamic spectra, however, are more highly 
ructured than the emissions reported here. Nevertheless, we 
innot rule out Uranus as a source of the radio noise reported 
ve until the Voyager 2 encounter with that planet in 1986, 
though, we now feel that Uranus is not a likely source. 
Iti possible that the new radio emission detected by Voyagers 
nd 2-is generated outside the heliosphere. With our lack of 
formation about the region, particularly at such low frequen- 
es, any number of sources might be contemplated. Once such 
ree is a fast pulsar which might emit enough energy at low 
armonics of its pulsing rate to be detected in the frequency 
nge of a few kHz. However, we suggest that the broad band- 
idth of the newly detected signal is sufficient to rule out pulsars 
as the source, In addition, the power flux of the band shown in 
| a inte: grated over the 1-kHz- bandwidth is of the order of 
0 '*Wm"*. The radio luminosity of the Crab Nebula 
tegrated over a bandwidth of 10°-10° Hz is about 10° ergs”! 




















(ref. 10), hence, at a ‘distance of ~1 kpe 
107 Wm” 2 much less than the value observed by the Voyager 
spacecraft. (An equivalent, but alternate comparison, isto caleu-- 
late the power spectral density from the Crab assuming the 
10°’ ergs ' is emitted in a 1-kHz bandwidth. This: would be 


s corresponds to 


about 10°'°Wm*Hz"' compared. with .a value ‘of 
107’ Wm”? Hz"! observed by Voyager.) It is interesting to think 
of what other sources of radio noise lie beyond the Solar System, 
but perhaps fruitless to speculate on them at this point. 

We have considered one other possibility for the source of 
the radio emission: the heliopause, itself. It is reasonable to 
assume that there is a supersonic shock marking the heliopause 
(sometimes referred to as the terminal shock) and shocks are 
known to be the source of weak, relatively narrowbanded radio 
noise. Specifically, Dunckel'’, Gurnett’? and Hoang et al. have 
all reported radio emissions at 2f, emanating from the vicinity: 
of the Earth’s bow shock and a similar phenomenon has been“ 
reported near an interplanetary shock*, Theories fortheemission > 
at 2f, have been offered by Fung et al.'* and Cairns and Mel- = 
rose’, The fact that this type of emission is quite weak is 
countered by the large source size of the heliopause and resulting 
large solid angle as seen by an observer in the outer heliosphere. 
The smoothly varying temporal character and bandwidth of the 
new emission are consistent with the 2f, model. 

If, indeed, the heliopause is generating the radio emission at 


2f,, some interesting statements can be made concerning the 
size of the heliosphere. This scenario implies that the plasma: 


frequency at the heliopause is half of 3 kHz; or 1:5 kHz; njat 
the heliopause i is then ~0.03 ¢m™*. One can expect a maximum 
jump in the density at the shock of a factor of 4 (and we also 
assume the interstellar density is higher than just inside the 
heliopause), meaning | the density just inside the heliopause could 
be as low as 0.008 cm™?, This corresponds to a plasma frequency 
of about 780 Hz. Because the density in the solar wind falls as 
1/R? (assuming constant solar wind speed) and the plasma 
frequency is proportional to Vne the plasma frequency varies 
as 1/ R. Given that f, is ~2 khz.: at 18 AU (using Fig. 3) and that 
it drops to 780 Hz at the heliopause, it is easy to solve for the. 
radial distance of the heliopause, that is ~46 AU. 

Obviously, the reasoning above assumes no variations in the 
solar wind density as a function of time and is subject to several 
simplifying assumptions. Also, if one assumes the density in the 
interstellar medium is less than just inside the heliopause, the 
minimum f, in the heliosphere is 1.5 kHz and Voyager 1 is very 
close to that point. Taking the value of 46 AU (with liberal error: 


bars), however, we can compare it with other predictions of the © : 
distance to the heliopause. One popular method is to interpret. 


the cosmic ray gradient to arrive at a distance to the boundary. 
One such prediction of >65 AU by Webber and Lockwood'® 
was based primarily on Pioneer 10 observations. As Voyager | 
is travelling more or less antiparallel to the interstellar wind 
flow and Pioneer 10 is headed in nearly the opposite direction, 


it is commonly assumed that the heliopause will be encountered: 


at smaller heliocentric radial distances by Voyager 1, hence, 
46 AU does not seem to be unreasonable. Voyager 1 will ‘be at 
a distance of about 46.AU in 1991- and perhaps only then will 
we be certain of the source of this new radio emission. 


Conclusion 


Voyager | and 2 observations of a very weak signal in the range 
2-3 kHz in the outer heliosphere at distances of 13-19 AU appear 


to be evidence of a newly discovered radio emission. While the... 


frequency of the radio emission is similar to continuum radiation 
in the distant jovian tail, other: observations are inconsistent 
with Jupiter as a source. One other possible candidate for the 
emission source is 2/, radiation from the heliopause. This is a 
most exciting possibility, because if this is the case, these 
observations are our first glimpse of the edge of the heliosphere. 

We thank J. W. Belcher for information on the electron density 
observed by the Voyager 2 plasma instrument during some of 
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A third type of murine T-cell receptor gene 
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-By subtractive cDNA hybridizations, we have isolated a new species of T-cell receptor cDNA clone whose predicted a ami 

“acid sequence has homology to variable, constant, joining and diversity segments of immunoglobulins and T-cell recept 
The corresponding genomic sequence is also rearranged in several T-cell DNAs. The four potential N-linked glycosylation 
sites, frequency of expression and predicted molecular weight (27,800) of this molecule make it a likely candidate for 
a-chain of the T-cell receptor. Expression data also indicate that this gene may be activated at a later stage of 


ren bation, than the B-chain. 


f Preig entities by T cells is strikingly similar 
at of B cells in the large number of specificities that are 
gendered and in the fixation in particular cell lineages of these 
| specificities (reviewed in ref. 1), Unlike the mediators of B-cell 
Tecognition (immunoglobulins), however, T-cell receptors seem 
<o able to ‘recognize’ antigen only in conjunction with self-major 
- histocompatibility complex (MHC) determinants. Cytotoxic T 
cells (T,) typically require class I antigenic determinants (H- 
2)“ and helper T cells (Tu) require class IT (Ia) determinants’. 
The affinity for self-MHC seems to be ‘learned’ in some way in 
the thymus’ before exposure to antigen and apparently allows 
T cells to focus on abnormalities of the organism’s own cells. 
“In addition, helper T cells up-regulate and suppressor T cells 
‘down-regulate B cells and other immune system-related 
responses. 
-Uncertainties concerning the biochemical and genetic nature 
of the T-cell receptor molecule(s) has been a major stumbling 
block in understanding the phenomena described. above. Con- 
tinual progress, especially in the past few years, has begun to 
provide some answers. In particular, T-cell cloning 
~ methodologies using either long-term lines or hybridomas’ have 
allowed a better definition of the antigen-MHC reaction 
phenomena and have also provided large quantities of 
homogeneous cell populations of a single, defined specificity. 
This has also led to the development of clone-specific (anti- 
_ idiotypic) antisera? and monoclonal antibodies” 1 which can 
“either block or stimulate the response of the target cells to 
antigen'™™. These ‘clonotypic’ monoclonal antibodies were 
used successfully to precipitate the putative T-cell receptor 
molecule itself, an 80,000-90,000 dalton molecular weight (80- 
90K). sulphydral-linked heterodimer”? which on reduction 
elds æ- and B-subunits of 40-50K each. These subunits seem 
) have both variable and constant fragments in tryptic peptide 
ps'*°, Recently, cDNA clones encoding one chain of the 
-cell receptor were isolated in mouse'®'’ and man'*. N-terminal 
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amino acid sequencing established that these clone 
the 6-chain'® of the T-cell receptor heterodimer. The. 
cDNA clones encode a 32K protein having variab! 
and joining (J) region elements hua! similar to those 
immunoglobulins'”'*, More’ recently, D (diversity) elemer 
have also been shown to play a part”’"*? in the formation of t 








Ty hybridoma Thy (284) 


Poly {A)* mRNA 


Synthesis of 32P-cONA with calf thymus 
primer 


| Fragmented to 300-400 nt 


Ty” CONA 
| Subtract. with Tyo {CIO} mRNA 
| Subtract with Tyg (EL-4) mRNA 


Subtracted. probe 
| Screen. 284 cDNA library 


| Rescreen with #8 Tyi -macrophage mRNA 


Positive clones 


Fig. 1 cDNA subtractions and screening strategy. Calf ive 
DNA was used to synthesize randomly primed **P-labelled cDNA 
by standard procédures“ from poly(A”) cytoplasmic 2B4 mRNA 
The cDNA was initially 700 nucleotides (nt) average length and © 
was allowed to fragment by autoradialysis to ~300 nt long over.a _ 
2-week period. The subtractive hybridization was carried out by: 
procedures described previously. The **P-cDNA was first hybrid- 
ized and hydroxyapatite-selected with the Ty hybridoma ClO. 
mRNA, then with the T,-like lymphoma line, EL-4. The twice: ” 
subtracted probe was then hybridized to a filter of 2B4 cDNA. | 
library in the vector Agt10 as.described elsewhere”’. Approximately. 
20,000 plaques were screened. Seven positive plaques were picked 
and rescreened with a probe of oligo(dT)-primed cDNA made of: © 
membrane-bound polysomal mRNA from 2B4, subtracted with 
mRNA from. the P388D, macrophage line (MBT#-Mac). oF 



















tiable-region exon of this gene. The mechanism of rearrange- 
ment seems very similar to that of immunoglobulins”’-”*, the 
only major difference being the extreme diversity and apparently 
elerated rate of divergence of the different variable regions, 
apparently due to the presence of additional hypervariable 
egions in the molecule”. These data have helped to elucidate 
he problem of diversity and clonal fixation of specificities by 
direct analogy with immunoglobulin. 
The other questions specific to T-cell recognition are more 
lifficult and require knowledge (and possession) of the gene 
encoding the second chain of the heterodimer (a). An apparent 
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Fig. 2. T cell-specific expression of TT11. The TTH cDNA clone 
was labelled by nick-translation*’ and hybridized to a Northern 
lot containing a panel of mRNAs as follows: a, Bal 17, B-cell 
phoma: b, MIO4E, plasmacytoma: c, 3T3, fibroblast line: d, 
88D,, macrophage line; e, 2B4; f. EL-4; g, BWS147. All are 
sly(A)* cytoplasmic RNAs prepared by standard procedures”. 


er in this regard was obtained by Saito et al.”*, who used 
btractive cDNA selection methodologies'* to obtain a second 
munoglobulin-like, T cell-specific cDNA clone (HDS4 and 
elated species) which is rearranged in T, DNAs and has ele- 
ents homologous to variable, constant and J regions. Although 
iis gene may encode one of the chains of the T-cell receptor 
r murine cytotoxic T cells, it seems unlikely that it also encodes 
the a-chain for the murine helper T cells for the following 
reasons: (1) there are no N-linked glycosylation sites ( N-X-3) 

the amino acid sequences predicted for the HDS4 series 
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clones, whereas three N-linked additions have been found in 
a-chains from three different murine helper T-cell lines? 7”, 
including 2B4 (ref. 26), the subject of this report. (2) The HDS4 
gene is not expressed in many T,,-cell lines (our results and S: 
Tonegawa, personal communication). That Tu and T, cells use 
the same 8-chain locus has been established”?! by molecular 
genetic analysis. (3) A consistently low level of expression has 
been seen for this gene with respect to B-chains, that is, 1% of 
the level of B-chain expression in thymus and 2% of the level 
in spleen cDNA libraries (this paper), and <10% of the B-chain 
level in some T,-cell libraries (Z. Eshhar, personal communica- 
tion). Although differences in translational efficiency or stability 
are possible, all known multi-chain molecules have mRNA 
species present in approximately equal amounts (see below). 
In view of these questions, we generated a new cDNA probe 
designed to detect variable regions which might differ between 
various T-cell lines, and used this to screen a Ty cDNA library 
from the cytochrome c-specific hybridoma, 2B4 (ref. 12). One 
of the cDNA clones obtained in the screen, TTI, appears to 
encode a protein with many of the expected features of an 
a-chain and is expressed in both T,, and T, cells. If this is 
confirmed to be the case, its characterization will identify the 
missing portion of the T-cell receptor molecule. However, this 
result also raises the interesting question of why there are three 
(or more) immunoglobulin-like chains in at least some T cells. 


Isolation of cDNA clones 


As peptide mapping has shown that the a-chains of the T-cell 
receptor molecules isolated from Ty cells are as diverse as the 
B-chains'*, and given the distinct immunoglobulin-like structure 
of the B-chain of the T-cell receptor'”'® and the likelihood that 
the a-chain is encoded by a similar molecule, it seemed feasible 
to prepare a variable (V)-region-specific subtracted cDNA 
probe between T cells of differing specificities. This was achieved 
as shown in Fig. 1, where randomly primed, labelled cDNA” 
from the mRNA of the helper hybridoma, 2B4 (ref. 12), was 
synthesized; this probe was allowed to fragment by autoradioly- 
sis to an average size of 300-400 nucleotides and then subtracted, 
first with CIO mRNA, then with EL-4 mRNA. The resultant 
probe should be enriched in 2B4 V-region-specific sequences, 
and was then used to screen a 2B4 cDNA library made in the 
vector Agtl0 7°. The use of calf thymus DNA as a random primer 
gives fairly equal reverse transcription over the entire length of 
each mRNA species, thus eliminating the 3’-end bias of 
oligo(dT) priming. The size of 300-400 nucleotides is optimal 
in that it is large enough to give good reactivity in hybridizations, 
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Fig.3 Rearrangement of the TTL! gene. 
Genomic DNAs from the livers of differ- 
ent mouse strains, various T-cell lines and 
hybrids of the B-cell lymphoma LIOA, 
were digested with: a, HindIII; b, EcoRV; 
c, Xbal; d, Bglll and electrophoresed 
through 0.7% agarose, blotted onto 
nitrocellulose and hybridized by standard 
methods* to a probe from the 5’ half of 
TTH (RI-RV; see Fig. 4). Arrows indicate 
altered bands, arrowheads indicate 
molecular weight markers. In the HindIII 
digest (a) the B10.A pattern is identical to 
that of the true parental, C57B1/6. 
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Fig. 4. a, Sequencing strategy for the coding 
` portion of TT11:cDNA clones. The EcoRI sites 
: are generated by the RI linkers. Thin lines indi- 
cate 5'-end labelling with polynucleotide kinase. a 
thick lines indicate 3’-end labelling with the 
arge (Klenow) fragment of DNA. polymerase: 
SIb, The determined nucleotide sequence and 
the predicted amino acid sequence. The num- 
“bers above the amino acid sequence designate 
_ the residue positions. The leader, variable, pos- 
sible D, joining, constant, transmembrane and 
“cytoplasmic regions are indicated although the 
exact boundaries are somewhat ambiguous. 
_ Cysteines are circled. Potential signal sequences 
‘for N-linked’ glycosylation are indicated by 
CHO. 
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yet, as it is approximately the same size as immunoglobulin and 
T-cell receptor B-chain V regions, at least some fractions of the 
pecies will not. have C region-hybridizable sequences. One 
complication in such a screening protocol is the fact that even 
“phenotypically identical cell lines and hybridomas appear to 
. differ by a small but significant fraction of their gene expression 
-(0.2-0.4% ; M.M.D., S: M. Hedrick and W.E. Paul, unpublished 
observation), perhaps through random gene loss or activation. 
_As B-chain mRNA expression is generally much lower than this 
in hybridomas (0.02% )”, it was necessary to subtract the probe 
-owith two separate mRNAs (as shown in Fig. 1) from T cells 
< Which do not share the same specificity. C10 and EL-4 have 
': distinct Ty phenotypes similar to 2B4 but are not cytochrome 
-“@reactive. There is, of course, some uncertainty in constructing 
such strategies (sce Fig. 1) because even with cells of differing 
‘specificity, the same or cross-reactive V regions may be 
expressed. Seven positive plaques obtained in this primary 
sereen were rescreened with another cDNA probe made from 
«ithe membrane-bound polysomal RNA of 2B4 subtracted with 
RNA from the macrophage line, P388D, (ref. 32). This s provides 
an additional selection for T-cell receptor molecules'***. Three 
of the seven plaques were positive with the MBT#,-Mac probe 
(using the convention of ref. 16) and two. of these three cross- 
Wbridized with each other. The one with the largest insert, 
M1, was analysed further. 






P: ttern of expression and rearrangement 


a plasma cell line (M104e)..a macrophage line 
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_in BW compared with the parental liver DNA (data not shown) 


"could only be due to a rearrangement or partial deletion of th 


ows that, on Northern blot analysis, TTL is T 


fic, as it is not expressed in the. B-cell lymphoma |. 
that TTIE is another T-cell receptor-like gene. 
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(P388D,) ora fibroblast line (3T3). It is expressed in all T ( 
currently surveyed, including the two, used in the T*~T. sub: 
tractions: EL-4 (Fig. 2) and C10 (data not shown), as 
as in three T,-cell lines (T.L. et al, work in progress) 
interesting to note the two distinct bands at 1.8 and 1.3 kilob 
(kb) in the EL-4-lane; the possible significance. of thi 
respect to D-like regions in this molecule will be discuss 
below. 

The gene(s) encoding the TTH cDNA clone show distinct 
signs of rearrangement (Fig. 3), characteristic of | 
immunoglobulin-like B-cell-(IgH, Ig« and Iga)°? and T-cel 
HDS4)'*** derived genes. Arrows in Fig. 3 indicate bands w 
have changed position with respect to the parental geno 
the T-cell’ DNAs: FNI and FNI3 are keyhole- 
haemocyanin (KLH)-reactive Ty hybridomas (referred 
ref. 34 as FN1-18 and FN13-21) derived, respectively, fr 
BALB/c xC57B/6 strain mice and the AKR strain thymo 
line, BW5147. In Fig. 3a, a new band appears in a Hind 
digest of FNL (arrow) with respect to parental DNAs. In Fig 
3b, one band in an: EcoRV digest of AKR liver DNA disappear 
in-BW5147, and an EcoRI digest shows a new band appearin: 


In Fig. 3c, the arrows indicate two bands which are polymorphi 
for an Xbal digest of C57B/6 DNA; both of these bands ar 
present in the FN1 hybrid but .only.one occurs in FN13, whic 


chromosome. Figure 3d shows a new band in FN1 versus th 
parental DNA samples.in a BglII digest. Although no diges 
shows evidence of rearrangement in all T-cell DNAs, thes 
results provide sufficient indication of such events to sugges 
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‘11 homology with immunoglobulins 

TTIT cDNA clone was partially sequenced by the procedure 
axam and Gilbert’ using the strategy shown in Fig. 4a; 
uence is shown in Fig. 4b. The clone was oriented by a 
A) stretch (~ 150 nucleotides) at the 3‘ end and sequencing 
he 5’ half revealed a long open reading frame of 810 nucleo- 
3, With an initiation codon (ATG) within the first 12 nucleo- 
s (Fig. 4b). The sequence has regions similar to the 
munoglobulin leader, variable regions, J region and constant 
gion, as is the case also for the T-cell receptor B-chain'”'® 
d the HDS4 gene clone of Saito et al. Also, as in the latter 
cell-specific genes, TT11 has an extra cysteine outside the 
putative intra-domain cysteines in the constant region (which 

‘obably bonds to another chain), followed by a transmembrane 
portion and a potential cytoplasmic region, all of which are 
*ncoded as. separate exons in the B-chain genes™®?, There are 

ur potential: N-linked glycosylation sites, as indicated in Fig. 
tb, similar to the four or five found in different 6-chain sequen- 
7-20 Probably only three of the four potential sites are avail- 
for glycosylation’ as the most carboxy-terminal one is 
dded in the putative transmembrane region (Fig. 4b). 
The exact position at which the murine T-cell receptor protein 
processed is unknown, but by analogy with all of the 
munoglobulins (H, A. x), it should occur just before the 
utamine at position +1 (see Fig. 4b). This is consistent with 
the finding that murine a-chains are blocked at their N-terminus 
llison, personal communication, and L. Samelson, personal 
amunication). Alternatively, based on the N-terminal amino 
id sequence of the human @-chain from the REX T-cell line!’, 
he processing point would be just before the asparagine. at 
sition +3. In the first case, the molecular weight would be 

K, in the second slightly less; this agrees well with the data 
af Allison and colleagues”’ who obtained a molecular weight 

TK from a murine a-chain stripped of N-linked sugars with 
doglycosidase F. 

'omparisons with other putative T-cell receptor molecules 
d immunoglobulin V, C and J regions are shown in Figs 5 
nd 6, respectively. While the overall homology of the putative 
and C régions with their immunoglobulin counterparts (10- 
is relatively low, many of the. conserved residues found 
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in all of five known immunoglobulin-like genes are present, 
particularly in the V region (Fig. 5) and J-region elements (Fig. 
6). The cysteines in the TT11 variable region are 65 amino acids 
apart, which is identical to the spacing in the light chains, and 


the sequence WYRQ starting at residue 35 and DSA-Y-CAV at ; 


resides 83-91 are also highly conserved in most immunoglobulin 

and T-cell receptor V regions. As with the B-chain and HDS4, 
the putative J region is the most highly conserved portion, with 
7 out of 16 residues homologous with the -chain consensus 
sequence’ and 9 out of 16 the same as J,3 (ref. 36). Whereas 
the constant region has the least homology of any of these 
(10-15%), its overall structure is very similar to that of B-chain 


and HD54. Somewhat more homology (up to 259) may be. y 


obtained in the constant region by using the cysteine at position 
204 as the intradomain linkage, but this complicates matters 
with respect to the presumptive A-chain linkage. i 
Also characteristic of the T-cell receptor sequences, and ` 
shared with TT11, is the sequence ILLLK in the putative trans- 
membrane region. The conservation of a charged amino acid 
(lysine or K) in a transmembrane region is unusual and is not 
found in other members of the immunoglobulin superfamily; 
its presence in all three of the putative T-cell receptor molecules 
may indicate that some unusual multi-chain structure is formed 
with other molecules in the membrane. 


Table t Frequencies of T-cell receptor expression 





CyB TTI! HDS4 
Thymus 0.2% 0.01% 0:002% 
Con A stimulated spleen. 0.1% 0.03% 0.002% 
2B4 0.02% 0.03% <0.001% 


enemas nine nina 
Approximately 200,000 phage from each library were screened by 
standard procedures in duplicate. The Crp probe was 86T5 (ref. 17), 
a DIC” -containing cDNA clone; the HDS4 probe was a 150-nucleotide 
synthetic polymer corresponding to the Constant region of HDS4 from 
a.a. 120+ a.a. 180, The former was labelled by nick-translation and the 
latter by a fill-in reaction with Klenow polymerase. The TTH probe - 
was labelled by nick-translation:: ee Oe Set 
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~ = = -fL YF G]-1G TERILIT VIL Jp consensus 


viulvie ejeleisirit viv m3 
F Hk VIE[A eje TRiLJENII HA 


oerskot sie mi 


- -yfo vyleje TE VITIVIS S Jy consensus 
~ TF ejeje Tix[L]e TEIR Jy consensus 
wy GIG TK V TIVE G J, consensus 


Fig: 6 Amino acid homologies. among the putative J region of 

TTil and the J-region sequences of a murine T-cell receptor 
> B-chain, J73, HDS4 and immunoglobulins. Similarities are boxed, 
$" with variable residues represented by dashes (~). 









Possible D regions 
Another interesting feature of the TT11 sequence analysis is the 
strong indication that D regions are present in this molecule 
just as in the B-chain of the T-cell receptor? and 
-immunoglobulin heavy-chain genes**. In particular, just 5’ to 
-the SGN amino acid sequence of the putative J region (which 
marks the 5’ border of Jr3 in the B-gene complex), there is the 
nucleotide sequence GGGGG. This sequence occurs at the point 
where a D-region element would begin im the -chain and is 
characteristic of the B-gene D regions (7 out of 14 contain runs 
‘of between 3 and 7 Gs on their 3’ side)? as well as many 
immunoglobulin heavy-chain D regions’, Although postulated 
- to be the result of enzymatic addition in immunoglobulins™, at 
~ Jeast in some B-chain and Igh D regions, these poly(G) sequen- 
ces are present in germ-line sequences”. None of the 
immunoglobulin light-chain V-region genes sequenced has such 
poly(G) sequences before the J element junction”. The North- 
ern blot data of Fig. 2, where two bands are clearly visible in 
EL-4 (and other Ty lines, data not shown), also support the 
ence of independently assorting D gene segments. This 
o-band pattern is characteristic of the DJC transcript of the 
chain which is 300 nucleotides shorter than the VDJC tran- 
ript’**?, Taken together, these data suggest that the TT11 gene 
will have D segments, adding to the potential diversity. 
















_ Frequency of expression 
~ One characteristic of mRNA species which contributes to a 
multimeric structure is that they appear to be present in equal 
or nearly equal percentages in the steady-state mRNA popula- 
tion in cases that are known. Immunoglobulin heavy and light 
chains“, Ia a- and B-subunits*', H-2 and B,-microglobulin™, 
and a- and f-globins® all follow this rule to within a factor of 
=2, Although differential translation efficiencies or turnover 
~~ gates could conceivably produce large differences in subunit 
“mRNA frequencies, they do not seem to do so in these cases. 
To compare the steady-state mRNA frequencies in a relatively 
~ quantitative manner, we surveyed thymocyte, concanavalin A 
{Con ’A)-stimulated spleen and 2B4 cDNA libraries with TTH, 
-- HDS4 and C; probes. The results (Table 1) indicate that TT11 
and C,B are present in fairly similar frequencies (1: 1-1: 3).in 
the 2B4 and ConA spleen libraries, whereas HDS4 is much 
rarer, being present in ath the amount of 8-chain in the Con A 
spleen library and absent from the 2B4 library. This equivalence 
in frequency, together with the other data presented here, makes 
TT1i a more attractive candidate for the a-chain of the receptor 
“4n most T cells. Also of interest from the data in Table 1 is the 
change in the ratio of TTI] to B-chain in immature versus 
mature T cells. Specifically, the TTH1/B-chain ratio changes 
from 1:20 in thymocytes to 1:3 in Con A-stimulated spleen cells, 
“suggesting that TTI1 gene expression (and perhaps rearrange- 
ment) may occur after that of the B-chain, analogous to light- 
chain immunoglobulin expression following that of the heavy 
chain in B cells”. 






















How many T-cell receptor gene families? 
rdiess of whether TT11 or HDS4, or neither, encodes the 
cell recept 
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chain, there is already an overabundance by. 















at least one of immunoglobulin-like T cell-specific genes whi 

rearrange in some types of T-cells. The reason for this canno! 

be explained based on the present biochemical evidence, 

may involve variations of a two-receptor model of T-cell recogni 

tion. Although the strict *two-receptor’ model for MH 

antigen co-recognition has been excluded by several convincii 

experiments***", there exists the possibility that in at least sor 

circumstances an alternative heterodimer might be able to fo! 

for some purpose related to this event. Pe 
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Note added in proof: Amino acid sequencing of a human T-cell rece 
a-chain (N. Jones and J. L: Strominger, personal communica’ 
suggests that TT11 is the murine homologue. Also, most of the 
bands seen on Southern blot (Fig. 3) with a TTI probe hybridize 
the variable portion of the molecule. This contrasts with results obtain 
with Va probes” and suggests that V, may be immunoglobulin-like. 
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his T-cell clone. 


addition to the two previously identified genes rearranged and expressed in a cytotoxic T-lymphocyte clone, we have 
ntified a third gene that is also rearranged and expressed in the same clone. This new gene shows clonal diversity, codes ` 
ar a polypeptide chain that contains immunoglobulin-like variable and constant domains, carries potential N-glycosylation : 
ites and is a particularly attractive candidate for the gene that encodes the a-subunit of the heterodimeric antigen receptor 





spite of its central roles in both regulatory and effector phases 
he vertebrate cellular immune system, the chemical nature 
he T-cell antigen receptor has been elusive'. A particularly 
ing question about this receptor concerns the molecular 
for its dual recognition of antigens in conjunction with 
major histocompatibility complex (MHC) products” 4. 
e immunoglobulins, which recognize and bind free anti- 
“cell antigen receptors characteristically recognize 
‘antigens in the specific molecular context of self- 
ecules.’ Recently, several groups have succeeded in 
ig antisera and monoclonal antibodies that are specific for 
dual T-cell clones*’ and which presumably recognize 
cific determinants on the T-cell antigen receptors. The 
thus characterized is a heterodimeric glycoprotein of 
t relative molecular mass (M,) ~ 90,000, consisting of 
subunit (M,.42,000-44,000) and a B-subunit (M, 42,000- 
0) held together by an inter-chain disulphide bond(s). 
de fingerprint analyses of a- and B-chains from several 
ell lines suggest that both subunits are composed of variable 
and constant (C) regions*"'°, 
uring the past year, three groups have isolated cDNA clones 
35 (ref. 11), TM86 (ref. 12), pHDSI1 (ref. 13) and 
184/203 (ref. 13)] that probably correspond to T-cell recep- 
genes, As YT35, TM86 and pHDSI! from a human T-cell 
our, a mouse T helper hybridoma and a mouse cytotoxic T. 
phocyte (CTL) clone, respectively, are all extensively 
gous to each other at the 3’ half, it was concluded that 
correspond to the same gene. Recently, partial amino acid 
quences determined by direct analysis of the B-chain of a 
man T-cell receptor showed that YT35, TM86 and pHDS11 
present the gene for this subunit'*. Although there is no 
tensive nucleotide homology between the fourth clone, 
HDS$4/203, and the other three cDNA clones, all share several 
mmon properties. (1) They are expressed in T cells but not 
B cells. (2) The corresponding genes are rearranged in T cells 
d not in B cells. (3) In the encoded proteins there are distinc- 
regions that, proceeding from.amino- to carboxy-terminus, 
pond to a signal peptide, two immunoglobulin-like 
ains, a transmembrane peptide rich in hydrophobic amino 
ids and a short cytoplasmic peptide. (4) Their deduced amino 
id sequences have low but significant homology to those of 
\unoglobulin chains. (5) Each gene is composed of separate 
and C gene segments’? (in the cases of YT35 and TM86, 
the corresponding genes have also been shown to have D seg- 
s)'*?°. (6) Their V, (D) and J segments have characteristic 
nal sequences for gene rearrangement (heptamer and non- 
ner separated by either 12 or 23 base pairs (bp): refs 15, 16, 
8-20 and A. Hayday et al, unpublished data). 
The cDNA clone pHDS4/203 therefore satisfied many of the 







































properties expected for the a-chain of the T-cell antigen recep- 
tor. However, this clone lacks sequences that correspond to sites 


for N-linked glycosylation and it has recently been shown that 


both the a-chain and the @-chain of another type of T cell; 
helper cells, are N-glycosylated (J. P, Allison, personal com- 
munication). Although it was possible that the a-chain of the’ 
CTL clone from which pHDS4/203 was isolated is not N- 


glycosylated, it also seemed possible that there is still another 
gene (or genes) whose properties are similarly consistent with 


those expected for the a-subunit of the T-cell receptor. Accord- 


eenean eiin 
Table 1 T cell-specific clones from a subtracted CTL cDNA library 





Size of 
mRNA No.of Rearrange- Representative 
Group (kb) clones ment clone 
T (thy!) 2.0 19 No pHDS! 
B 0.8 19 No 
C(B) 1.4 18 Yes pHDS!1 
F 1.7 13 No 
E 0.8 12 No 
D 1.7 9 Yes pHDS58 
K 13/14 9 No l 
G 1.2 8 No 
A 15 4 Yes pHDS4/203 
P 2.3 2 No 
Q n.d, 2 No 
I ae l No 
J 1.0 1 No 
L 15 l No 
N 44 I No 
R 0.8 l Maybe pHDS86 
Total 120 ‘ 


onanan aaaea nnana a a aa ENA NNE EE 
Two hybridization probes were used to screen the cDNA library. The. 
first was the 2C cDNA prepared from the poly(A)* RNA of membrane- 
bound polysomes by subtraction with poly(A)* RNA from a. B-cell 
lymphoma, CH-1. The second was the cDNA prepared from the total 
poly(A)” RNA from another B-cell lymphoma A20-2J, After screening 
about 20,000 independent transformants, we have identified a total of 


140 putative T cell-specific cDNA clones and grouped these clones on ie 


the basis of the corresponding genes, using the following’ procedures.” 
First, plasmid DNA preparations from each of 20 randomly chosen. 
cDNA clones were used as hybridization probes: in RNA blotting analy- 
sis of 2C poly(A)* RNA and DNA blotting analysis of 2C and embryo 
DNA. The hybridization patterns allowed assignment of these clones 
to 12 groups. Second, mouse DNA inserts: were dissected from a rep- 
resentative cDNA clone of each group and used as probes for colony 


hybridization of all of the cDNA clones: the results allowed assignment. <_ 


of 105 clones among the 12:groups. The above procedures were repeated 


for some of the remaining unassigned clones be 
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Fig. 1. Southern blot analyses? of DNA from BALB/c embryo, 
myelomas MOPC315 and MOPC460 (both BALB/c-derived) and 
CTL lines 2C, G4, 1.5.2 and 2.1.1 (all BALB.B-derived”'), DNA 
was digested with the indicated restriction enzymes, elec- 
trophoreseqthrough 0.8% agarose gels, blotted onto nitrocellulose 
and hybridized with the **P-labelled, nick-translated insert from 
clone pHDS58. Hybridization was carried out at 42°C in 50% 
formamide and 5 xSSC. The filters were washed at 65°C in 0.2 x 
SSC.. Separate experiments showed that BALB/c and BALB.B 
mor panerns are indistinguishable. Numbers on the left-hand 
side are M, markers. 








ingly, we have analysed further the cDNA library from CTL 
clone 2C and report here the isolation of a third class of cDNA 
clone representing a gene whose protein product is a better 
candidate for the a-subunit of the T-cell aß heterodimer recep- 
-ctor than is pHDS4/203: the new gene is rearranged and 
“expressed specifically in T cells, its product has the sequences 
expected of an integral membrane protein and it carries potential 
N-glycosylation sites. 


» Classification of cDNA clones 


| We reported previously”? construction of a ‘subtracted’ cDNA 
-| Jibrary from an alloreactive CTL clone (2C) specific for the 
“product of a gene at the D end of the H-2 complex”. We 
subjected this library to differential screening using two hybridiz- 
ation probes (Table 1). From these experiments, it was estab- 
lished that 120’ of 140 putative T cell-specific cDNA clones 
originally identified, belonging to 16 different groups, are 
expressed specifically in CTL clone 2C and not in B cells. Table 

1 lists the number of cDNA clones in each group and the size 

of poly(A)* RNA they detected by Northern hybridization. Of 

the remaining 20 cDNA clones, 12 belonged to two gene groups 
whose expression in B cells was substantially lower than in T 
cells but still definitely detectable. The other eight cDNA clones 
contained relatively short inserts (less than 250 bp) and have 

not yet been characterized. 

= q Among the 16 T cell-specific cDNA groups, we identified four 
-whose genes seemed to be rearranged in CTL clones. Two 
pHDS!1 and pHDS4/203) of the four have been described 
reviously”. The characteristics of the third group, represented 
y. pHDS58, are the main subject of the present report. The 
urth CDNA, represented by one member, pHDS86, hybridized 
an extra DNA fragment when Poul digests of clone 2C DNA 














d embryo DNA were compared; however, nine other restric- 










































Total probe 


Fig. 2. RNA blot analyses” of poly(A)* RNA from various 
and T-cell lines. Probes: a, total insert of pHDS58; b, Hpa 
fragment containing 270 bp at the end of the pHDS58 insert (V- 
region probe). RNA was extracted from B-cell lymphomas A20-25 
and CHI and alloreactive (H-2 anti-H-2°) cytotoxic T-lym. 
phocyte clones 2.1.1, 1.5.2, G4 and 2C. Approximately 1.5 jx) 
poly(A)* RNA was ‘denatured with glyoxal and electrophores 
through a 1% agarose gel in 10mM sodium phosphate buffer 
(pH 6.5). RNA was transferred to a nitrocellulose membrane a 
hybridized to **P-labelled nick-translated probe DNAs. The con: 
tions of hybridization and washing are given in Fig. 1 legen 
filter used for hybridization with the first probe was wash 
boiling at 100°C for 5 min in H,O and re-used for hybridizati 

with the second probe. 





tion enzymes failed to show any evidence of rearrang 
(data not shown). 2 


Gene rearrangement in T cells 


Figure | shows the results of Southern blot analyses”? of DN 
from BALB/c embryos, four CTL clones of different specificit 
and two myelomas that have been digested with EcoRI, K 
or BglII and hybridized with the insert of pHDS5S8. With eac 
of the three enzymes, clone 2C DNA showed an extra fragm 
that was not detected in the digest of embryo DNA. DNA fri 
the other CTL clones gave hybridization patterns which lac’ 
several fragments detected in embryo DNA. In contrast 
hybridization patterns of DNA from the myelomas and embry 
were indistinguishable. These results strongly suggest. that | 
gene or genes corresponding to clone pHDS58 are renreangt 
in cytotoxic T cells but not in myelomas. 

The expression of the pHDS58 genes in CTL clones an 
lymphomas was examined by Northern hybridization analys 
of poly(A)* RNA. When the whole insert of pHDS58 was use 
as the hybridization probe, no hybridization was detected in th 
two B-cell lymphomas, but poly(A)* RNAs of distinct s 
were detected in all four CTL clones (Fig. 2a). The size of th 
major RNA species in 2C (1.7 kilobases, kb) was slightly great 
than that in the other three CTL clones (1.6 kb). In additi 
minor RNA species of about 1.2 kb were detected: in all fi 
CTL clones. When a DNA fragment containing 270 bp from: 
5‘ end of the pHDS58 insert was used as the hybridization probe 
only the 1.7-kb RNA species of 2C was detected and the other 
three CTL clones and the B-cell lymphomas exhibited no 
hybridization (Fig. 2b; see Fig. 3 for the region of the cDN 
sequence covered by the probe). These results suggest that the 
1.6-1.7-kb. RNA is composed of a common 3’ sequence (C 
region) and a CTL clone-specific 5’ sequence (V region), as has 
been seen a with immunoglobulin a and the T -cell receptor pchat. 











single and double restriction enzyme 
digestions of the plasmid DNA, The 
3 VJ, C and 5’ or 3-untranslated. 
regions are shown by shading, black, 
hatching and white, respectively: 
~~" Also shown is the sequencing 
es ae twine «so Strategy used to determine the 
nucleotide sequence shown in Fig. 4. 
The arrows indicate the directions 
tand and the extent of sequence determi- 
100bp nation. The open and closed circles 
indicate that the ends of the DNA 
fragments: labelled are 5' and 3’, 

respectively. 
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e che che efa che che aba ele che efa alat! 
VGTCCTGTTC CAGAGTTCCT CCACAACAGA GCTGCAGCCT TCCCAAGGCT CAGCC ATG CIC cte GCA CIC Cit CCA eTe Cle GEG ATA CAC 91 

etree Nf sts ie hr Sa 

ep ADA Ge a ee a aie a a 7 
“CTHT-GIC CTG AGA GAT GCC CAA GCT CAG TCA GIG ACA CAG CEC GAT GET Cec elc ACT ole Ter cka Gea otc rèr che che che am 
30 a 
OR KY S yY Sa TP Y Fow Y vg yp ROGU o K 
AGA k AAG TAT TC TAC TCT GCG ACA CCT TAT CT6 THC vée TAT ete che TAC cte che che efe cte che che cte che ake ase 
the thr ade oka che cha cls els fu cf ele aft ole afr che ch ele fe abe ale abe HEGRE che ch che 
TAC TAT TCC GGA GAC CCA GTG GTT CAA GGA GTG AAT GBC TIT GAG GCT GAG TIC AGC AAG ARC TIC CAC CTG C66 343 


A ae saan seaman 





KO A OS K Ho w DO S A VY Y F A : G A S A : F : 6 

TAAA GCC TCC GTG CAC 166 nc GAC TCG GCT GTG TAC icf GCT efe ic 66e ifr GCA AGT GCG che ACA TTT sea rer 66C 427 
T K : y Ai P Y O NO P 3 P a 4 K D R q soy 

ACA AAA STC alr GTT CTA CCA TAC atc CAG AAC CCA GAA CCT GCT GTG TAC CAG tha AAA GAT cer C66 re CAG GAC AGC ACC SH 


140 150 160 
FE T D F Dp $s g y P K f] $ To 1 kor 
che a che the acc eke thr GAC TEC CAA ATC AAT 6Y6 CEG AAA ALC ATG GRA Ter Gea ace tic ale act GAC AKA ALT efe 595 
as ske ak aka sdr ae adt rfc ake ade ah of aft alr fe te ake Mr ak rfe adc R A Br ale of 
CTG GAC ATG AAA GCT ATG GAT TCC AAG AGC AAT G66 GCC ATT GCC TOG AGC AbC TTC ace ii C CAA GAT ATC TIC 679 


CHO 200 10 
k È I Y P S § D Y p DOA T T E K F E T D M W 
AAA GAG ACC Besta TAC CCC AGT TCA GAC GTT CCC & GAT GCC ACG The ACC. GAG AAA Rc TIT GAA ACA GAT ATG AAC 





763 
Wo ee 
220 CHO 230 
L R fF 9 j l 3) vV oR 6 L R Lob K YOA 6 F k 4 B oI R 
CTA AAC TTT CAA A GTT ATG GGA CTC CGA atc Cie C16 cle AAA GTA GCG GGA TTT AAC CTR cle ATG ACG cle AGG 847 


— Var 

dhe TGG TCC AGT TGA GGTCTGCAAG ACTGACAGAG CCTGACTCCC AAGTICCGTC CTCCTCACCE CICCECTCCE TCTICAAGCC ARAAGGAGEC 942 
“GGCTGTCTES GETCTGGTTG GCCCTGATTC ACAATCCCAC CTGGATCICC CAGATTTGTG AGGAAGGTTG CTAGAGAGCT AAGCECTECT GCCECACCCA 1042 
CTCAGCICCC. TCACTGCT6C TGACCATICA CRAAAAAAAA AACGGCAGGG GCOGGGCTIC TCCTEGATCT GAAGACCCCT CCCCCATGEC AGACTCCCET 142 


NTARAATCIC. TTGGAGAATG TIGTAAAAAA TATGGGTTTT TTTTTTITGG CGGGTTIACT TITTTARGCA TCCATAAAGA AATGCATATT ACTCITICAT 


1242 
© CANGGIGTAG AMATTATCTC ATTGTCTAGA CCCTCCTECT ACTGTGTGTA TTGAGCCACA TTGTATATIA TICIGCTECC CATGACATCA TIAAAGGTGA © 1342 
'STICAGAAAAA CCAAAAAAAA RAAAAAAAAA 1372 


ethod of Maxam and Gilbert** according to the strategy shown in Fig, 3. Numbers given above the amino acid sequen Ti 
residue positions. The numbers on the right show nucleotide positions. The V, J, C, TM (transmembrane) and CY (cytoplasmic) regions ` 

indicated by horizontal arrows although exact boundaries are ambiguous. Cysteine residues thought to be involved in intradomain: or 
.inter-chain disulphide linkages are encircled. The potential N-glycosylation sites (N-X-S or N-X-T) are also indicated. 


ce designate amino. 


ucleotide sequence acid sequence corresponding to this reading frame is also shown 
iction map and the sequencing strategy of the PHDSS8 in Fig. 4. For reasons given below, the numbering of codons or 
t are shown in Fig. 3. The entire nucleotide sequence of amino acid residues starts with the triplet CAG (Gin) at nucleo- 
372 bp determined by the method of Maxam and Gilbert" is tide positions 116-118. The amino acid sequence immediately 
own in Fig. 4. The longest open reading frame begins with following the Met and extending to the Gln is highly hydro- 
the Met codon at nucleotide positions 56-58, extends over a phobic and reminiscent of a signal peptide”. After the Gin, the 








ig. 4- The nucleotide and predicted amino acid sequences of the cDNA clone pHDSS58. The nucleotide sequence was determined by the ab 


£804 bp, and ends at nucleotide position 859. The amino _ sequence is significantly homologous to those of the T-cell 
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„receptor B-chain deduced from pHDSI! and the polypeptide 
chain encoded by pHDS4/203, as well as to the sequences of 
munoglobulin heavy chain (93G7), an immunoglobulin « 
1 (MOPC603):and an immunoglobulin A1 light chain 
04E). 
The homology is shown in Figs 5 and 6, where the pHDS58 
amino acid sequence is compared with the V (or V+ D), J and 
“C region sequences of the other five polypeptide chains. 
Sequence homology is evident in all three regions, but is most 
striking in the J region, where it amounts to 38-62%. In the V 
regions, the pHDS58 sequence is related to the other five se- 
quences by 22-29% homology. The six amino acid residues that 
are conserved in this region among pHDS11, pHDS4/203 and 
“the three types of immunoglobulin chains (Gln, Cys, Trp, Gin, 
“Tyr and Cys at positions 5, 22, 34, 37, 88 and 90, respectively) 
are also shared by pHDSS8. The sequence homology is least in 
the C regions, where it ranges over 12-20%. Nevertheless, the 
relatedness is evident around the two Cys residues that form 
jntradomain disulphide bonds in immunoglobulin chains. 
_. Throughout the V, J and C regions, the pHDSS58 sequence, like 
the pHDS1I1 and pHDS4/203 sequences, is more homologous 
“to the light chains (25% and 27% for x and A, respectively) 
. than to the heavy chain (23%). 

Beyond the C region, the pHDS58 polypeptide chain exhibits 
no obvious sequence homology to the corresponding regions of 
the ®-chain (pHDS11) or the chain encoded by pHDS4/203. 
Nevertheless, the three polypeptide chains are organized in a 
very similar fashion in these regions. Thus, as in the pHDS11 
and pHDS4/203 chains, the C region of the pHDS58 chain is 
followed by a peptide carrying an extra cysteine, then by a 
stretch of about 20 hydrophobic residues that could correspond 
to a transmembrane peptide and finally by a short hydrophilic 
C-terminal peptide that presumably extrudes into the intracyto- 

„plasmic space. 

In Fig. 4 these regions of pHDS$58 are indicated by horizontal 
arrows. The exact boundaries of a few adjacent regions are 
;omewhat uncertain. For instance, it is not possible to determine 
unambiguously the N-terminus of the processed protein from 
the nucleotide sequence of the cDNA alone. However, the Gin 
t nucleotide positions 116-118 is the best candidate for the 
o reasons. First, the proposed. assignment places the 
due at position 22, while the corresponding Cys 
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< Fig. 5 Comparisons of the V and C regions of the predicted amino acid sequence of pHDS58 and the V and C regions, respectivel 
the predicted or determined amino acid sequences of five other polypeptide chains: a chain encoded by pHDS4/203, the B-chain:e 
by pHDSI1 (ref. 13), 93G7 yl immunoglobulin heavy chain, MOPC603 « light chain, and MOPCIO4E Al light chain”. Those r 
common between the pHDS58 protein and any one of the other five chains are boxed. *, The residues common among all six ch 
Approximate boundaries of framework and hypervariable regions as they appear in immunoglobulin V regions are indicated by horizonta 

arrows. The amino acid positions refer to those of pHDS58 protein. x : 
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23 (ref. 26). Second, most immunoglobulin chains carry a: 
peptide 19-22 residues long”®; the present assignment n 
the proposed signal peptide 20 residues long. Fina 
pHDS58 chain is an excellent candidate for the a-subun 
the T-cell receptor, whose N-terminal residue has recenti 
shown to be blocked (S. Schlossman, personal communi 
probably by a cyclized glutamine residue. z 
The proposed processed polypeptide chain is 248 amino 
long and its calculated relative molecular mass is ~28,000. 
chain contains 23 negatively charged (15 Asp and 8. 
19 positively charged residues (6 Arg and 13 Lys), corresp: 
to an isoelectric point near neutrality in the absence. of po 
translation modifications. As shown in Fig. 4, it has four pot 
tial sites for N-glycosylation. baii 


Conclusions 
The pHDS58 gene and its product share several characteris 
with the two previously identified T-cell genes, pHDS11 a 
pHDS4/203, and their products. (1) The gene is specifica 
expressed in various CTL clones but not in B lymphoma: 

The gene is rearranged in CTL clones but not in myelomas : 
the rearrangement pattern varies with the CTL clone. (3) ’ 
corresponding poly(A)’ RNA is composed of 5’-variable a 
3’-constant regions. (4) The primary sequence suggests that 
encoded protein is composed of a signal peptide, | 
immunoglobulin-like domains, each with one disulphide lo 


pHOSSS d 
pHOS4/203 J 
Consensus dg 
Consensus Jy 
Consensus dy 
Consensus. J; 





Fig. 6 Comparison of the J region amino acid sequences. of 
pHDS58 and pHDS4/203 (ref. 13) and consensus sequences of- 
the T-cell antigen receptor B-chain'* and immunoglobulin Jys Je. 
and J, (ref..26); Those. residues common between pHDS58 and- 

_any -one of the other five J segments are boxed and shad 








































ansmembrane peptide and a cytoplasmic peptide. (5) The 
domains are homologous to the V and C domains of 
iunoglobulin chains, particularly those of A light chains. (6) 
esides having twocysteine residues in each domain, the 
ded protein has a fifth cysteine residue in the region between 
C domain and the transmembrane peptide, that is, at a 
st on where the chain might be disulphide bonded to another 
ain’. 

The counterparts of the pHDSI1 gene in a mouse T-helper 
ybridoma and a human T-cell tumour have been identified 
previously by Hedrick et al.'? and Yanagi et al.'' and shown to 
zode for the 8-subunit of the heterodimeric T-cell receptor”. 
the nucleotide sequences of pHDSI1 and the gene identified 
Hedrick et al.” are virtually identical in the C region, we 
included that pHDS11 codes for the B-subunit of the CTL 
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Asn-X-Ser/Thr)'*. Although the difference in the source of T 
cells (that is, CTL versus helper and mouse versus human) could © 
have explained the apparent discrepancy, our recent. studies 

suggest that the a-subunit of CTL clone 2C is also N-glyco- 

sylated (unpublished data). It is therefore of particular interest 

that the newly discovered pHDS58 gene reported here not only © 
possesses all of the properties expected for a T-cell receptor 
gene but also carries four potential N-glycosylation sites. Thus, 
while there is no direct evidence, the pHDS58 gene must be con- 
sidered a better candidate than pHDS4/203 for the a-subunit. 

If the pHDS58 gene encodes the a-subunit and pHDS11 the 
B-subunit of 2C clone af heterodimeric receptor, what is the 
function of the pHDS4/203 gene? As this gene exhibits clonal 
diversity, in common with the other two genes, it also is likely 
to be involved directly in determining T-cell specificity. If so, 
this raises the possibility of a second receptor. The idea of a 
second receptor has been previously discussed at length??? but 
is at present less favoured than the one-receptor hypothesis? S, 
The role of the third gene should be clarified by analysis of its 
product, currently underway. 
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he thymus. Vg sequences are much more heterogeneous at 


alysis of three new T-cell receptor B-chain variable regions together with those in the literature indicates that they: have 
remarkable similarities and differences with those of immunoglobulin. Less than 10 V regions appear to predominate 
the amino acid level than are immunoglobulin V regions and 
ey appear to diverge between species much more quickly, apparently the result of additional hypervariable regions. Three 

€ putative new hypervariable regions lie outside of the classical immunoglobulin binding site, an indication that 
portant interactions may be occurring in these regions with polymorphic MHC determinants. 





GNITION of foreign entities by T cells appears to involve 
ules and mechanisms strikingly similar to those involving 
lobulins. Analysis of T-cell receptor B-chain cDNA 
lones and the genes encoding them has ‘revealed V, Dy J and 







C regions similar in size and sequence to the corresponding 
immunoglobulin elements'~'°. The V, Dand J genomic elements 
are rearranged during T-cell differentiation toformasingleexon, 
as isthe case .for-immunosglobulins and- thie rearrancamane io 














“which presumably occurs in the thymus 
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Fig. 1 Sequences of T, variable 
regions, Sequencing strategies (a) and 
“ccsequences (b) of the variable-region 
‘sequences from three antigen-specific Ty 
cell lines: C5, El and LB2. 5’-Untrans- 
lated regions .(5' UT), leader polypep- 
tides, variable regions, diversity (D) £1 
-regions and joining (J) regions are indi- 
cated. The J region numbering system 
is from Gascoigne etal’. Uncertainties 
regarding boundaries between regions 
are indicated by broken lines. 
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4 appears to be mediated dby flanking sequences analogous to those 
iof immunoglobulins**. However, these studies have not 
revealed how the T-cell receptor polypeptides differ significantly 
from immunoglobulins to account for the recognition 
phenomena unique to T cells. Specifically, the structural bases 
of the requirement for simultaneous recognition of both antigen 
and self-major histocompatibility complex (MHC) determinants 
and the antigen-independent process. of ‘learning’ self-MHC, 
1112 remain obscure. 
-To address these questions, we studied the V-region sequences 
of -chains isolated from various T-cell lines and hybridomas. 
We have begun to define the putative binding site(s) of this 
. molecule by identifying framework (conserved) and hypervari- 
able (nonconserved) regions, according to the precedent of Wu 
and Kabat’? in immunoglobulins. We also demonstrate that 
B-chain variable regions appear to diverge between species 
much more rapidly than immunoglobulin variable regions, con- 
sistent with a larger fraction of the molecules encoded by. the 
former being devoted to interaction with variable determinants 

(MHC and antigen). In addition, we have used these V regions 
„to assess the overall repertoire of T-cell specificities inthe thymus 
through the frequency with which these V regions are used in 
ymic T-cell populations. 


Chain cDNA clones from helper T-cell lines 


i lines generated by growing fetal liver and/or bone marrow 
ensions in conditioned media have proved to be an 
ource of. cloned, non-transformed cells of defined 
ibraries from four such cell lines'*"'° 
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constructed (as described by Okayama and Berg'’) 
poly(A)” RNA made from concanavalin A (Con ’A)-stim 
cells, using the pcD vector'’. Three of the cell lines ha 
T-helper (T,,) phenotype in that they respond to: antigen 
class II MHC determinants by secreting growth: facto 
These lines: are El, which is reactive to trinitrophenol (T) 
on a BALB/c MHC background (1-A*-restricted)'?; C5, wh 
responds to the dinitrophenol (DNP)-ovalbumin conjugate 
a BL/6 background (I-A°-restricted)'*; and LB2, which reco, 
izes chicken red blood cells, also on a BL/6 backgrounc 
region-restricted)'*, About 0.1-0.4% of the cDNA clon 
positive for the B-chain T-cell receptor gene, a frequency si 
to that of a total thymocyte cDNA library and considerab! 
higher than that of T-helper cell hybridomas (0.01-0.029 
This higher level of transcription of the B-chain in T 
lines is consistent with reports that cell lines, in’ contras 
hybridomas, have been shown to bind antigen and hence m 
have more T-cell receptor protein on their cell surface th: 
hybridomas”. A fourth cDNA library was constructed from 
RNA of a suppressor T-cell line, Ly 23/4 (ref. 14) and had 
similarly high level of B-chain-positive CDNA. clones. Of 25 
such cDNA clones surveyed, none appeared to have V region 
Instead, all 25 clones. were in a size range expected for transcripts 
from. D-J joining events”? and sequence data from one of the: 
clones confirmed this interpretation (data not shown). Thi 
in contrast to the half to two-thirds of the B-positive cDNA 
clones from the other libraries which have V regions, and may 
be related to. the apparent absence of B-chain expression in 
murine. T-suppressc r hybridomas’. 
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NA clones with complete Vp coding regions were isolated 
tom the E1, C5 and LB2 libraries and their nucleotide sequences 
were determined by the method of Maxam and Gilbert”? accord- 
o the strategy in Fig. 1. All of these transcripts derive from 
he 3’ most J-C locus (J;8'-C,B’)°, as do the sequences of all 
our of the other full-length cDNAs derived from functional 
hybrids or lymphomas*”**, Although cDNA clones in 

he spleen or thymus appear to rearrange equally well to either 
1¢ two loci, at least in the context of a specific V region”, 
ional T-cell lines appear to use the 5’ most locus (G. 
ersonal communication, N. R. J. Gascoigne and J. 
tsonal communication). As the two C regions are 
nitical®, the strong bias of such cells for the 3’ most 
us may reflect a selection for J regions from that cluster and 
y be an important clue in determining the functional signific- 

of lem J-C arrangement of the B-chain locus. 

ata presented in Fig. 1 also show that El and C5, though 
fe with structurally related antigens, share very little 
ce homology. This lack of homology may reflect the effect 
trier, as C5 is conjugate-specific for DNP-ovalbumin 
EI is hapten-specific for TNP. Alternatively, it could 
ct the effect of different restricting alleles (E1, I-A‘: C5, 
on antigen binding. Another explanation is that the other 
the receptor (œ) binds antigen in these clones. In 

on to the lack of homology between the B-chain variable 
ions of El and CS, there is no homology in any portion of 
e with the antigen-binding portions of known TNP- or 
P-binding immunoglobulins**—a further indication of the 
different requirements of T-cell and B-cell recognition and 
dication of why receptor isolation schemes involving T- 
nd B-cell lines of matched antigen specificity were unsuc- 


uls 
Chain V regions in thymus 
ss the relative contributions of various B-chain V regions 


the T-cell receptor repertoire, V region-specific fragments 
Prepared from each of the three cDNA clones described 


; Variable region usage in a BALB/c thymocyte cDNA library 












Variable Corrected 
region Frequency (%) frequency 

3.2 9.3% 

2.2 12.8% 

0.9 5.2% 

2.0 11.6% 

<0.05 — 
8.3 38.9% 






following V region and C,-specific fragments were purified on 
acrylamide gels and nick-translated by standard procedures*’: 86T, 
coRI- BamHI; 2B4.71, EcoRI-Rsal; C5, Pstl-Poull: El, Pstl-Pstt; 

2, BstEll-Xhol; Cy 86T5°, EcoRI-EcoRI. There were 1,650 Cg- 
ë clones. The percentage of these that were positive for a given 
gion is indicated. The corrected frequency is the raw percentage 
ivided by the fraction of Cg-positive CDNA clones bearing V regions. 
[he corrected value for CS was divided by two as it hybridizes to two 
ands in genomic Southern blots and hence may cross-hybridize with 
no expressed V region. 
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Fig. 2 Amino acid homologies 
between the seven 8-chain variable- 
region sequences available, 
Homologies between four or more 
sequences are boxed. Both V- and 
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above; from 2B4.71, a cytochrome c-specific T, hybrid*; and 
from 86TI (ref. 2), isolated from a thymocyte cDNA library (see 
legend to Table 1). These five distinct V-region fragments were 
labelled and used to screen 250,000 A gt10 (ref. 29) CDNA clones 
from a BALB/c strain thymocyte poly(A)* RNA-derived 
cDNA library (200,000 independent clones). Table 1 shows the 


percentage of clones in this library that were positive for both 


the 8-chain constant region and these V regions. This analysis 
indicates that four of the five V regions fall into a uniformly 
frequent class of transcripts, each representing 1-3% of the 
C-region hybridizing clones. Since four of these five genes 
hybridize to single bands, and the fifth to only two bands. in 
genomic Southern blots (see below), these frequencies must 
largely reflect the expression levels of the loci from which they 
were derived. The actual frequency of these Vp sequences is 
even greater since, of 35 C,-positive clones analysed from this 
library, only six extended sufficiently far 5’ to have hybridizable 
V regions (data not shown), presumably due to frequent D-J 
joining events’” and a 3'-end bias in cloning. The corrected 
frequencies are indicated in Table 1. Therefore, these four V 
regions together comprise 8.3% of the total B-chain message, 
and an even larger fraction (~40% ) of functional transcripts. 
Thus, a relatively small number of V regions, perhaps less than 
ten, predominate in the thymus. The notion of a small Ve 
repertoire is supported by the fact that among the six murine 
Vss reported here, two have been isolated independently from 
other functional T cells (86T1I** and LB2, S. Hedrick, personal 
communication), 

In contrast, the 2B4 V region was not detected among 250,000 
clones surveyed, and thus must be expressed at a frequency at 
least 20 times lower. This is consistent with the observation that 
cytochrome c is a relatively weak antigen and reactive cells are 
only observed in secondary responses (R. Schwartz, personal 
communication), There are many such weakly reactive anti- 
gens’! and they may represent a second group of infrequently 
occurring V regions of unknown repertoire size. The regulatory 
mechanisms generating such uniformity in the frequency of the 
abundant class as opposed to the 2B4.71 V region are unknown. 
This selective expression contrasts with the much more diverse 
expression of immunoglobulin V regions in B cells, although a 
single heavy-chain variable region (Vy) seems to be expressed 
very frequently in early B cells (F. Alt, personal communication). 


Additional hypervariable regions 


With the sequences presented here, there are now seven -chain 
V regions available**” for comparison with respect to 
framework and hypervariable regions. Homologies between the 
seven sequences are shown in Fig. 2 and the relevant numerical 


Canana AE OOO OEE 
Table 2 Variable-region homologies (%) 





2B4 YT35 HDSII El LB2 C3 
86TI 36 33 28 18 30 28 
2B4 44 18 18 23 21 
YT35 26 19 26 35 
HDSII 18 44 3] 
El 18 20 
LB2 48 
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Fig. 3 Hypervariable and framework regions. A, 
> Variability plot ‘of the T-cell receptor B-chain V- 
“i region sequences shown in Fig. 2, using the conven- 
» lon-of Wu and Kabat'>. The positions of the three 
: hypervariable peaks of immunoglobulin light 
chains” are indicated by arrows. Regions of hyper- 
variability are marked by open bars. B, D and G 
correspond to the. classical immunoglobulin hyper- 
“variable regions™. Part B indicates the homologies 
“between a variety of Vy, V, and the seven Vg sequen- 
» ges. Homologies of four or better are indicated by a 
-elosed circle, less than four homologies by a dash, 
“and spaces denote gaps inserted. to maximize 
homology. Framework regions of the 
immunoglobulin sequences are indicated with solid 
‘bars. A, C, E and F are regions of Va sequence that B 
-—gorrespond to conserved V, framework residues, but 
are significantly more variable i in Vg. With the excep- V, 
| tion of the V,, region of Caiman crocodylus™, sequen- 
ees are from ref. 25. Immunoglobulin heavy. chain 
(Vy): a, mouse group I MOPC I4I1CL; b, mouse 
group IT MOPC 104E; c, mouse group IH TEPC 601; 
~ d, dog MOO; e, rabbit K25; f, human VH26; g, 
‘caiman pC3. Immunoglobulin «-chain (Ve) a, V. 
‘mouse 10K26-12AI; b, mouse $107B CL; o, dog 
GOM; d, human group I ROY; e, human group ITI, 
ITI; f, rabbit K9 335; g, rabbit K25. Vy: a, 86TI,; 
‘b, 2B4,71; c, YT35; d, HDSI 1; e, El; f, LB2; g, C5. 
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Table: 2. Whereas the least related 
‘V regions are 45% homologous in amino acid 
sequence and range up to 98% (ref. 25), the most similar Vg 
regions shown here are. 51% homologous and range as low as 
8% (Table 2). Although it has been suggested” that some of 
‘this variability is due to helper and cytotoxic T cells using 
different sets of V regions, this comparison shows that equally 
-Jow homologies are observed between T,-derived V,’s, and that 

the. cytotoxic T cell-derived V HDSII has 51% amino acid 
“homology with the T,-derived V, C5—the highest homology 
observed. between any two Vgs in Table 2. Furthermore, the 
helper-derived Va LB2 is nearly identical to nucleotide sequence 
(one change in 110 nucleotides examined) to a V, derived from 
a functional cytotoxic T cell (S. Hedrick, personal communi- 
cation). 
These relatively low levels of homology among B-chain V 
regions are further analysed in the Wu-Kabat variability plot 
in Fig. 3A; this follows the formula (no. of different amino 
acids)/ (frequency of the most common amino acid)?’ and serves 
to highlight regions of maximum variability. Both heavy- and 
light-chain immunoglobulins exhibit three hypervariable peaks 
when plotted in this manner, two in the main body of the V 
region (CDRI and CDR2) and a third corresponding to the 
V-J joint in light chains and the V- D-J joint in heavy chains” 
“indicated by arrows in Fig. 3A). In contrast, the Vg sequences 
examined in Fig. 3 exhibit seven distinct variability peaks, three 
of which correspond almost exactly to the canonical 
immunoglobulin « light-chain hypervariable regions. Two of 
the peaks (A and F) correspond to regions in Vy and V, that 
have been shown to be significantly more variable than classical 
framework regions?™™?? but less variable than-the classical hyper- 
riable regions. The third and fifth peaks (C, E), however, do 
ot have any precedent in immunoglobulins. . 
Complementary to these variability data are the homology 
isons shown.in Fig. 3B; in this representation, four or 


























sal residues out of seven are displayed as solid circles... 
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and fewer than four as dashes. In a control for the validi 
conclusions based on a small number of sequences, a 
comparison is made of seven V, and Vy sequences BAR 
for maximum variability. In this analysis, the classical hyper ari 
able (HV) and framework (FR) regions of immunoglob' 
(indicated by solid bars under immunoglobulin sequences) ar 
picked up remarkably well. By comparison, the B-chain. 
regions have stretches of homology flanking the conserved | try 
tophan and cysteines that are comparable with those i 
immunoglobulin FR regions. However, there are four: 
regions of sequence, corresponding to the four new. peak 
variability in Fig. 3A, whose V, equivalents are conserved FI 
residues, but which are much more variable in V, (Fig. 
regions A, C, E, F). As discussed below, the sequence variabilit 
in these regions may have important consequences for antigen 
MHC interactions. 





Rapid divergence of B-chain V regions 
There are two interpretations that are consistent with the remar 
ably low levels of homology between the Vas reported her 
relative to immunoglobulin V regions. Cellular immunity cou 
significantly predate humoral immunity and Vas could evoly. 
at a rate comparable to immunoglobulin V regions; the diffe 
ence in homology between Vgs being then a result of havin 
diverged from each other much earlier than immunoglobulin: 
regions. Alternatively, there could be significantly different sele 
tive pressures on Vgs as a consequence of the requirements 
Ag-MHC interactions unique to the T-cell receptor. In the case 
of immunoglobulin, those portions of the Vy regions that inter- 
act with antigen (HV regions) acquire mutations at a much. 
greater rate than do framework regions. Specifically, HV regions 
appear to diverge at the rate of unselected DNA, whereas FR 
regions evolve at arate comparable to globin genes**. ‘These HV 
regions make up 22% of both Vy and V25, whereas the analysis 
in Fig. 3 shows that ~54% of Vz may be hypervariable. If these 
putative new HV regions evolve at a rate comparable to those 
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Interspecies homologies of B-chain variable regions. EcoRI 
f mouse (BALB/c), rat, hamster (CHO), ground squirrel, 
bit and human DNAs were electrophoresed through 0.9% 
arose and blotted onto nitrocellulose by standard procedures*’, 
region specific fragments from five of the 8-chain clones and 
ne from an immunoglobulin heavy chain (S107 V), were nick- 
ranslated.and hybridized overnight at 55 °C in 6 x SSC and washed 
t the same temperature, the final wash using 0.2 x SSC for 30 min. 
ze markers are indicated in kilobases. Divergence time from mice 
millions of years)”; rat, 15 Myr; hamster, 25 Myr; ground squir- 
rel, 60 Myr; rabbit, 70 Myr; human, 90 Myr. 


mmunoglobulin, the Va gene as a whole should evolve much 
re rapidly than V,, or V, genes. 

esolve between these interpretations, we used nucleic acid 
dization as an assay for the divergence of five murine Vas 
a representative Vy (S107)* from their homologues in other 
cies. We reasoned that if a much larger fraction of Vas is 
leed hypervariable, hybridization of V region-specific probes 
eir. homologues in successively more distantly related 
s should fall off much more rapidly for Vy than for Vy. 
ure 4 shows a survey of six mammalian genomes, spanning 
Myr of evolutionary time, probed on Southern blots with 
urified Vz probes and the $107 V region. Evidence that the 
of divergence of Vas is in fact greater than that of Vus is 
idicated by the fact that in general the Vy Probes only hybridize 
ell with closely related rodent genomes***’, $107 Vj, on the 
hand, hybridizes well with squirrel (60 Myr divergence)?” 
bit (70 Myr divergence)** on comparable blots. Further- 
07 V,, and an independent Vy probe, 7107 V (discussed 
1 ref. 38), have been shown to hybridize well in more stringent 
nditions to much more distantly related genomes”, including 
rimitive reptile, Caiman crocodylus (300 Myr divergence 
mouse”); Murine V, probes have also been shown to 
ybridize well on human genomic Southern blots”, Taken 
f, these data indicate that most Vas acquire mutations 
significantly greater rate than Vys and V,'°. While Southern 
donot. provide the resolution of sequence data, this 
1 a is consistent with the notion that a greater portion 
of Vas are devoted to interaction with variable determinants 
nd are thus selected to be hypervariable. 
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Fig. 5 Secondary structure predictions. The algorithm of Chou 
and Fasman* was used to predict the locations of probable g- 
sheets and turns in the Va sequences and in representative 
immunoglobulin sequences”. P}, plotted on the vertical axis, rep- 
resents the -sheet conformational parameter as defined**, Arrows 
are centred on regions of sequence where P,> Po and py> 
0.75 x10"*. In regions where turns were predicted to be directly 
adjacent or to share amino acids, only the most probable turn is 
indicated by an arrow. 


Consistent with an increased rate of divergence is the fact 
that four of the five Vg regions hybridize to single bands in the .- 
genome compared with between 4 and 30 bands that are’. 
observed with Vy“ and V,2%*! probes. That we see single 
hybridizing bands does not rule out the possibility that. there 
are families of related Vg sequences; it suggests, rather, that 
members of a given family have probably diverged too much 
from each other to cross-hybridize at the relatively moderate 
stringencies used here. The exception to this rule, C5, lends 
support to the above interpretation. It is the only V region that 
is conserved enough between species to hybridize well to squir- 
rel, rabbit and human genomic DNAs, consistent with the 
observation that it is also the only V region to hybridize to 
multiple bands in the species surveyed™®, The simplest interpre- 
tation of these hybridization patterns is that variation in some 
Vs sequences is under more stringent constraints than others, 
and that such Vg regions will therefore have retained enough 
sequence homology between duplicated copies in a given 
genome to appear as gene families. It also suggests that very 
low-stringency hybridization experiments may reveal that some 
of the other V, sequences are also members of homologous 
gene families. 


Homology with immunoglobulin 


Based on amino acid homology, the published sequence of 86TI 
more closely resembles a variable region froma x chain (McPC 
603, 33 of 84 amino acids homologous) than a variable domain 
from either a A (MOPC 104e, 25 of 86) or heavy chain (93G7, 


26 of 90)’. Each of the additional Vas reported here is more 
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ossible T-cell receptor structure and implications for 
ecognition. a, An.a-carbon skeleton of the X-ray crystallographic 
structure of McPC 603 (ref. 43). Thick lines denote heavy-chain 
residues. Closed circles correspond to classical hypervariable 
‘i yesidues. The regions of sequence identified in Fig. 3B (A, C, E, F) 

“that correspond to V, framework regions, but are significantly 
oo more variable in Vgs, are shown as solid bars. b, A schematic 
- diagram of antibody-antigen (Ag) interaction; c, d, models of 
T-cell receptor binding, 






homologous with this x V region than with these A or heavy 
chains. Among the conserved residues that form the interface 
“between Vy and V3, the T-cell receptor conserves the same 
į amino acids at more of the light-chain contact residues (Tyr 36, 
<- Gin 38, Leu 46) than those of heavy chain (Gin 39, Leu 45). 
-By these criteria, V, most resembles a « variable region. The 
-only structural features which are more heavy chain-like are the 
number of amino acids from the invariant tryptophan to the 
-Jast cysteine of the V region (4 or 5 residues shorter in V, than 
in Vg) and the fact that the last Vg framework region extends 
several amino acids past this cysteine, asin Vy. These similarities 
of Vg to Vy at the carboxy-terminal end may relate to the 
presence of D region elements** and to the larger J regions 
characteristic of heavy chains*°. The intron-exon structure of 
the constant region with its separate hinge and transmembrane 
‘regions is also more heavy chain-like“. 
ooto Despite the similarities in amino acid sequence between Vg 
“and V,, the relative lack of primary structure conservation 
among Vgs makes it important to determine whether the predic- 
ted secondary structure of these Vgs differs significantly from 
the known structure of V, and whether secondary structure is 
predicted to be conserved among Vgs- We therefore used the 
empirically derived algorithm of Chou and Fasman* to locate 
-gions of sequence predicted to be probable B-sheets or B-turns. 
fe assumed that Vas, like Vj, and V,, have little or no a-helical 
ontent. Figure 5 shows the B-sheets and turns predicted by the 
gorithm of Chou and Fasman for six of the seven Vgs reported 
he predicted secondary structures of representative 
t-chain V regions are included for comparison. 
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This analysis reveals that, among these Vgs, seven B-sheets ar 
consistently predicted (five of six or better) in region: 
sequence that correspond to B-sheets in immunoglobulin. Th 
only apparent departure of the Vg predicted secondary struct 
from the known immunoglobulin structure is in residues 6 
whose V, counterparts are known to comprise a B-she 
are predicted to be a sheet in only one of six Vas (EI). 
lack of a B-sheet in this region of sequence has precedent 
immunoglobulin, as the Chou-Fasman algorithm often fails 
predict the corresponding sheet in « (unpublished observat 
Thus, despite the extreme variability in primary struct 
between Vgs, the secondary structure is predicted to be: co: 
ved and to be immunoglobulin-like. = 


Models of T-cell receptor binding 
Because of the similarities in the primary and predicted se 
dary structure between the T-cell receptor and. the extensiv 
characterized immunoglobulins, it is instructive to ask whe 
by analogy with immunoglobulin, putative new. Vg. hype 
able regions lie on the molecule. Historically, the assum 
that regions of sequence which are highly variable amon, 
immunoglobulins correspond to portions of the molecule 
make physical contact with antigen has been a useful prin 
in analysing the antigen-binding site of immunoglobulin 
have therefore applied this heuristic to the T-cell. recept 
chain in order to derive the implications for antigen-MH 
interactions from the predicted location of purative new H 
regions. Adapted from ref. 43 is an a-carbon skeleton of < 
immunoglobulin Fab from the myeloma McPC 603. Class 
hypervariable regions are indicated on this Fab model by clo 
circles; regions of V, that correspond to putative new 
hypervariable regions are indicated by heavy bars. Region 
and F correspond to external loops between antiparal! 
sheets, as do classical immunoglobulin HV regions. Regi 
corresponds to a B-turn and sheet that interacts with 
the V, molecule. Curiously, these regions lie externa 
classical immunoglobulin antigen-binding site. Their varia 
in Vg suggests that important interactions may be occ 
the outer surface of the receptor, perhaps with poly 
histocompatibility determinants. Region C corresponds 
B-turn and sheet that is highly conserved at the amino acid | 
in V, and makes multiple hydrophobic interactions and hy: 
gen bonds with the immunoglobulin heavy chain*’. In the 
receptor, despite the greater variation in amino acid resid 
this region, the secondary structure is predicted to be hij 
conserved (Fig. 5). Although based on a small number of seq 
ces, the variability of these residues in V, suggests that | 
interact with solvent, antigen or the MHC; alternatively, 
other chain of the T-cell receptor (a) has complementary vari 
bility in the residues in contact with this region of Vg: 
Present cellular evidence indicates that a single T-cell rece 
is responsible for recognizing both MHC and antigenic det 
minants****, Assuming that the binding site(s) of this recept 
consists of the a- and B-chains and that they fold in an. app 
mately immunogiobulin-like fashion, the localization of 
putative new hypervariable regions (Fig. 6a) suggests that t 
T-cell receptor may have the properties shown schematicall 
Fig. 6¢, d. Specifically, it may have a larger binding pocket th 
that of immunoglobulin and its outer surface may be in co: 
with polymorphic MHC determinants. An alternative m 
(not shown) proposes the interaction of MHC with the classi 
immunoglobulin-like binding site, and antigen interacting W 
the putative new HV regions on the outer surface of the receptor. 
These models predict that different MHC restriction element 
could alter the antigen-binding properties of the B-chain throug 
allosteric effects. Preliminary evidence with anti-cytochro 
c-reactive hybridomas is consistent with these models, as differ- 
ent B-chain V regions are used against the same antigenic 
peptide in the context of different MHC restricting alleles (S. 
Hedrick, unpublished observation). haem 
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unidentified source of the y-ray burst of 5 March 1979, 
50526-66, may be located in the supernova remnant N49 in 
Large Magellanic Cloud', though some authors”” have ques- 
joned the implied distance of 55 kpc. Among several unusual 
tures of the source (reviewed by Cline‘) is its repeatability: a 
tal of 16 y-ray bursts have been reported’, which may be peri- 
Only y-ray bursts have been detected from this source. The 
on for other y-ray burst sources is not very different. Optical 
ents are known, in three cases”, to have occurred near 
jitions of later y-ray bursts. Even so, no source has been 
atified optically”, and only upper limits are known for simul- 
emission of optical radiation with y-ray bursts", Here we 
t GBS0526 -- 66 was monitored for ~910 h, using a high 
photoelectric photometer, attached to a 50 cm telescope at 
a Silla. Three short optical flashes were found, which may 
bly be related to the y-ray burst. phenomenon. The most 
f these occurred on 1984 February 8 UT 07:42, It reached 
1aximum brightness corresponding to m(visual) = 8.7. The shape 
the light curve bears remarkable similarity to the initial 200 ms 
1979 March y-ray burst. 
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Fig. 1 An event observed 1983 October 27 uT 01:28, The time bin 
is 4 ms. Vertical axis corresponds to no. of counts, uncorrected for 
dark count or sky. 


Photometric observations of the 1979 March 5 y-ray burst 
error box were made during the period 1983 October 5 to 1984 
February 23. A single channel photometer was used with a 
rectangular entrance diaphragm, 20 by 80 arcs, aligned with the 
error box. Offset-guiding allowed the diaphragm to remain 
centred on the error box during almost all the observations and, 
in particular, during the burst moments discussed here. Most 
measurements were done through a Johnson V filter (A = 550 nm, 
AA = 80 nm). During the period up to 1983 October 20, an EMI 
6256 photomultiplier was used; later data were acquired with 
an RCA C31034A tube. Pulse counts were written on magnetic 
tape at equal time intervals. The time bin was 4 ms until 1983 
November 26, and 1 ms afterwards. Integrations with a time-base. 
of 4ms were kept in floating-point words; those of 1 ins were 
packed with two integers per 16-bit word. The resulting 
maximum count rate 255,000 s~' corresponds to m (vis) = 6.6. A 
strip-chart recorder allowed immediate inspection of the count 
tate. The observer could set the time resolution, usually | or 
0.5 s. During part of the observations, an on-line burst detecting 
procedure informed the observer about possible bursts in order 
that the sky conditions. could be checked. An atomic beam | 
standard frequency clock was used for time keeping. Absolute 
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Fig. 2©.An event observed on 1984 Jariuary 30 UT 03:20. The time 
i bin is 1 ms. 


< time is presently known only to +100 ms because of an error in 
the calibration procedure. Data from 1983 November 2 to 19 
were not recorded digitally, but only using the strip-chart recor- 
der. The constancy of the system sensitivity was checked against 
the nearby star SAD249271, whereas photometric calibration 
"was done using data from various E-region stars taken from 
ref, 12. The observations were carried out throughout the moon 
cycle, in spite of occasional light cloud cover, 
o. A number of natural and man-made phenomena can cause 
spurious burst detection. Some, including electronic switching 
->o = noise, lightning, the xenon flashlamps on aircraft, and meteors 
¿v passing through the field of view, are of only millisecond dur- 
ation, or less. We believe we have eliminated such effects by 
disregarding events reat < 20 ms. Longer events, which may 




















| of view, diffuse sky background illumi- 
alls, and the passage of artificial Earth 
of view. Little appears to be known 
ut the first of. these effects. Data published by Sekanina’’, 
indicate that fireball light curves often have multiple maxima, 
and decrease in luminosity more rapidly than they increase, 
.. which is inconsistent with the events. observed here. Slow- 
. moving, artificial satellites would generally produce symmetrical 
light curves. Occasionally, a satellite may change brightness 
` while moving only a few arcseconds, with unpredictable photo- 
metric results. Symmetric events of 32-90 ms duration have been 
< o Observed on ten occasions, but we have not been able to demon- 
strate coincidence with a satellite passage. Finally we mention 







‘that Moon-illuminated clouds and contrails from jet aircraft can. 


-~ produce ‘bursts’ of a wide range of shapes and different dur- 
_ ations. Contrails are particularly bothersome, as they may occur 
-under all photometric conditions. 
< AHN data acquired during the 910h observation period have 
been examined for the occurrence of highly: significant events. 
-The following three events comprise all flashes not suspected 
- “of being man-made, and of >20 ms duration. Events discarded 
include the ten possible satellite passages, and a few chaotic 
‘events possibly. attributable to low line-voltage. All three events 
were observed under perfect conditions—dark and clear sky; 
‘diaphragm well centred on error box. Their light curves are 
shown in Figs 1-3. 
(1) 1983 October 27 UT 01:28 (Fig. 1): The burst was reg- 
istered by the triggering routine, The two observers in the dome 
- «noted normal sky conditions. The rise time, half-width (FWHM) 
>c and total duration were <4, 8, and 90 ms, respectively. 
Maximum brightness was m(vis) = 8.4. The amount of energy 
¿in the first 4 ms time bin, relative to that in the tail, was ~1/3. 
This is possibly inconsistent with the detection of a meteorite 
ssage, followed by the decay of its train. However, this expla- 
on cannot be precluded. It is also possible that the rise time 
fact resolved: the bin preceding the maximum may indicate 
art of the phenomenon. A avernativel at it could be a statistical 
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Fig.3 An event observed on 1984 February. 8 UT 07:42, at phas 
zero of the possible 164-day period determined by Rothschi 
Lingenfelter’. The time bin is 4 ms. ' 


3, 3, and 60 ms, respectively. The maximum brightness 
m(vis) = 9.9. 

(3) 1984 February 8 UT 07:42 (Fig. 3): The telescope W 
unattended. Maximum brightness was m(vis) =8.7. The ri 
time, half-width and total duration were 110, 90 and 1,700 r 
respectively. The event differs from the others by its much long 
duration. Its resolved rising edge i is a strong argument again 
a meteor explanation. The maximum brightness, integrated o 
the visible band, and referred to: the top of the atmosphere, 
1.0107 ergs"! cm, The corresponding fluence is .1.¢ 
107" erg cm”. 

The simultaneous detection of y-ray bursts and optica 
would convincingly establish their cosmic origin. D 
observations, four spacecraft with. y-ray detectors 
operation: ICE, PVO, SMM and Prognoz 9. Prelimina 


= of these has revealed no response at the time of 


optical flashes. The detector thresholds depend str 

time history and energy spectrum of a burst, but can be 

tively characterized by a fluence of 10°° erg cm™?, a 

above 100 keV. A pending analysis of real-time data ma 

this value by a factor of two. The absence of y-ray burs 

tions is not surprising, given the thresholds and sensiti 

the satellites: none detected any of the soft, repeating burs 
observed by the KONUS instruments. The inferred fluence rat 
E(opt)/ E(y)>1.6107* is consistent with similar, , Publis 
data: Grindlay et al'' found the upper limit 10~°. for 
particular y-ray burst, which could not bë detected optical 
and Schaefer’ deduced values near 107° for the three histori 
optical transients mentioned above. 

In spite of the absence of y-ray detections, several facts 
the optical events remarkable: (i) Two of them have fast 
times and relatively slow decay, reminiscent of the 1979 M; 

5 event and of some of the recurrent bursts. (ii) The shap: 
the third burst is similar to the initial, impulsive phase of 
1979 March 5 y-ray burst'*. Both phenomena show a pla 
at about half intensity, following the peak. The main differen 
is the finite rise time of the optical flash and its longer duratio 
(iii) The moment the third event occurred is consistent with 
day of phase zero, as extrapolated from the formula giver 
Rothschild and Lingenfelter’: at this phase, a rather high b 
rate may be expected. 

We note that all published light curves of y-ray bursts fr 
GBS0526 —66 (refs 1, 15-17) show very short rise times. If t 
1984 February 8 optical flash represents reprocessed -y-rays fro: 
such rapid events, the rise time and half-width of the optic: 
flash may be used to estimate a typical dimension of 30,000 km 
for the emitter. Unless the y-ray bursts are strongly beamed 
this seems to rule out reprocessing in the atmosphere of a 
(non-degenerate) neighbour star as proposed i in the model ol 
London and Cominsky'®: However, it is consistent with smal 
disk models and with models involving cyclotron reprocessing. 
The latter have been considered by Woosley’’. 

We thank R. Lindskov-Simonsen and R. Castillo for help in 
making observations and data analysis; S. Laursen for work on 
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yeminga (2CG195 + 4) is one of the brightest sources in the sky 
hoton energies around 1 GeV (refs 1-3). It has been tentatively 
ified* with an unusual soft X-ray and optical object for which 
‘ay-to-X-ray-to-optical luminosity ratios are ~ 10°: 10°:1 
ow have been confirmed by the discovery" of a ~ 60-5 
ariation in the X-ray source, similar to that reported in 
he period has been increasing over the past 10 yr at a rate 
at it doubles in ~ 400-800 yr. The implied rotational energy 
d supply the y-ray luminosity of Geminga if the spinning 
were a neutron star at a distance of ~ 10 pc, consistent with 
ry low observed X-ray absorption. A lone pulsar with a spin 
of ~60 s cannot spin down at the required rate. The observed 
would need to be due to precession or some other process. 
w here that the presence of a close neutron star companion 
es a suitable mechanism. All neutron star binaries may evolve 
h a Geminga-like phase. 
non-corotating conductor orbiting in a pulsar magneto- 
creates a circuit in which currents may flow along the 
lines and through the neutron star (compare with the 
olar inductor of ref. 6). The currents will be driven by, and 
fap energy from, the rotation of the pulsar. The optical and 
‘luminosities of Geminga are so small that plausible candi- 
es for a conductor are severely restricted. A normal stellar 
gmpanion would have to orbit at too great a distance and an 
mized:accretion disk (compare with ref. 7) or a white dwarf 
ould be too. luminous. We consider here that the conductor is 
sther neutron star with a weaker, opposed, magnetic field. 
he 60-s period is identified with the difference between the 
in frequency, F, of the neutron star (primary; with the larger 
tic moment, “4,) and the orbital frequency of the other 
n star (secondary of magnetic moment M). This orbital 
is:several minutes. 
e common flux between two opposed coplanar dipoles of 
aration a is 








A, oe cos ġ dd 
es fe 7 > 3 
P a atag i (1+ a?~2a@ cos 6)? 


M 
=3ra? — f(a) (1) 
a 
here ;=07M,. f(a) varies smoothly from 0.85 to 1 as a 


varies from | to 0. Hereafter we adopt f(a) = 1. The effective 
‘oss-section of the secondary (37a7a 


*for small.a) may greatly 








exceed its geometric cross-section. The structure of the magnetit : 


field is outlined in Fig. 1. The maximum voltage around the 
generator circuit occurs between the pair of ‘last common field 
lines’ coplanar with the two dipoles and the rotation axis. By 
mapping the field lines onto. the primary, we obtain for small « 


Vmax = 2V3 aMi F -VGM/a*)/a 
=3.5x 10 aMn az! V (2) 


where M = (M,+ Məzi is the mass of the system, a = 10° ag m and 
M, =10 M, Tm’. A magnetic moment >2.5 x 107! T m? takes 
the surface field beyond the quantum limit where spontaneous 
pair creation is expected. A further small voltage difference of 
307M, w'/acan occur if the spin of the secondary deviates from 
corotation by w'. 

The current flow in the magnetosphere cannot produce mag- ` 
netic fields in excess of the dipolar ones?” ; Which in the present’. 
case limits the total current to fess than i 


Lmax = 2mrat,/ poa? 
= 5,010 at az? A (3) 


Deep within the crust of a neutron star, the electrical conduc- 
tivity is isotropic and extremely large, but it is anisotropic at 
the surface if the magnetic. moment is large'®!'. This region 


dominates the effective stellar resistance. A crude upper limit. 


is obtained by applying a value for the surface conductivity, 
(o= 10°Sm™', ref. 11) to the whole star: 


4a 


Reg <p 
i 3ra ro; 


= 4x10 Maa 2 (4) 
where rẹ is 10 km. Since 
Ret & Rmin = Vinax/ Imax 
_¥3 wa 
m c a 
where œ = F-VGM/a' and Zy= vV po/ £, (~38 Q) the current 


is self-limited in the magnetosphere. 
The power dissipated in the magnetosphere 


Pina Vinaxt imax = 43 ma 2 Miwa? pe! 
=1.7 x10 a Mwa W (6) 


where w = 0.1w_,. It can be heuristically derived as the rate of 
working of the magnetic stress in the common flux tube. Pn 
should equal the power associated with the spin-down. of the 
primary neutron star 


Py = 3.2 XIP W (7) 


for a period derivative of 3x10°ss” 1 mass of 1M and 
moment of inertia of 6 x.10°’ kg m*, We propose that the electric 
potential (~ V,,,,) accelerates particles that radiate the observed 
y rays. Synchrotron and curvature radiation from tto. 10 TeV = 
electrons can produce y radiation in the. appropriate range. 
Whatever the emission ‘mechanism, its efficiency for y-ray pro- 


duction must be very high (>99%), comparable: with that of : 


the pulsed emission from the Vela pulsar'*, We note that the 


large opacity to pair production on the magnetic field prevents ae 


y rays emitted near the neutron star poles from escaping, 
Ignoring beaming, the observed flux’ of 2.4% 10°? Wm 
requires Geminga to be at a distance of ~11 pe. 


A completely charge-separated beam will limit the current to. 


< Fmax Since the potential variation across a current beam made 
of electrons or ions alone is roughly 6V =] / cgp = IZo, where 
the drift velocity vp < & To attain P., we require the maximum 
current to flow and thus nearly neutral beams. This is achieved 
if the incoming particles dislodge charges from the neutron star 
surfaces. Pair production by y rays in the intense magnetic field 
near to the neutron’ star may also supply a substantial fr tion 
of f the current a : : 































The flux tube is an ellipse at the primary of semi-axes of 
V3, 3/2a v rf a and Bas ri/a, and Tör the parameters that give 
Pp its area, Ag=4.7104a"az! m’, where m = +2 and —1 on 
the primary and secondary respectively. If the X-ray flux i is due 
“to. black-body emission, we derive an area of ~5 x10* Tz’ m’, 
< where T= 10° TeK. The X-ray observations’ suggest that the 
c black-body- temperature Ts= 1. The optical flux can also origi- 
» nate here; the precise optical-to-X-ray luminosity ratio depend- 
ing on- the observing windows but could be «107°. Further 
emission may originate at the secondary and in the beams 
themselves. The work function of the surface is ~1-10 keV at 
the relevant magnetic field strengths’®, so thermionic emission 
at the black-body temperature cannot. supply the neutralizing 
charge, although there may be an optically-thin outer region 
heated.to greater temperatures. 
_ The y-ray modulation is assumed.to be due to variation in 
z thé magnetic field strength at the base of the common flux tube 
as it travels over the primary star, caused ‘by misalignment of 
e rotation and magnetic axes and/or non-dipolar components 
the field. The 60-s period is identified as 27r/w (see equation 
(5)). There are three independent frequencies in this system 
(two spins and the orbit) which could lead to great complexity 
in its periodic behaviour. In particular, the frequency of variation 
‘may be different in different wavebands, so that the period 
“derivative from Bignami et al. could even be incorrect. 
In order that Pa = Pr, the orbital separation of the two neutron 
stars, a, must be <10° m. If they are each of 1Mo, then the orbit 
will decay due to gravitational radiation in <30,000 yr. The 
“power radiated by gravitational waves is ~3 x 10as° W and 
-exceeds that as electromagnetic radiation. In this model, 
Geminga is essentially a ‘gravity wave binary’. The relative 

rai at Earth is sex lo a;' and is unfortunately as yet 
















$ ört anticipated life of Geminga, both to 

own (~800yr) and to gravitational radiation 

30, 000 yr), it is important to consider its formation. Binary 

eutron stars may form in the Galaxy at arate!’ of ~3 x 107 yr" 
- with orbital periods of between one and a few hours. The a 

-c priori probability of the existence of such a neutron star binary 

c within ~100 pe approaches one, as the lifetime to gravitational 

~ radiation is ~10’-10* yr. To observe it during a phase lasting 

-<10 yr and ata mrang of ~10 pc, however, makes Geminga 

‘x exceptional, - 

“Beaming of the y-ray fux can relax the distance estimate. We 
also note that any model involving a rapidly-spinning neutron 
star in which the 60-s period is due to free precession and which 

~~ spins down in <10° yr dissipates > 10°° W. It is then difficult to 
j <> see how Geminga could be at a distance of < 100 pe. A possible 
-alternative interpretation in which the object is nearby would 
be that the ~800 yr time scale is due to change in distortion of 
< such a pulsar with a weak magnetic field and spin period of 
« -~100 ms. The free-precession frequency is proportional to the 
difference between the principal moments of inertia. It is then 
< a mystery as to why Geminga is not a radio pulsar*. The object 
<$ would also be a strong source of gravitational waves. 
After formation, a-neutron star binary goes through a pulsar 
phase until the speed-of-light cylinder of the star with the greater 
magnetic moment passes beyond the orbital separation that is 


Fsc/a (8) 


:: After this phase the unipolar generator mechanism will take 
“over control of the spin-down rate, so that from equation (6) 
dF v3 wai F-VGM/a’) 9 

dt Hof Fa i 

here $ is the moment of inertia of the primary. The spin-down 
an insignificant effect on the orbit (because: the orbital. 
a gular momentum always greatly exceeds that in the Spine 30 
t the orbit deċays due to gravitational o 


fea 256G°M,M,M 
AoT he ty 






























l (10). 
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Fig. 1 Magnetic field of a pair of opposed coplanar dipole: ; 
shows some field lines (not equally spaced in flux) in the pla 
containing the two dipoles, for a =0.5 (see equation (1)). The 
boundary of the common flux tube, the ‘last common field lines’, 
is shown as bolder than the ‘rest. The dashed circle separates t 
regions dominated by the two dipoles. The magnetic field is ze 
on a circle surrounding the weaker dipole where the last comm 
field lines cross over. Although distorted, this feature remains wh 
the dipoles are (moderately) misaligned and when currents = J... 
flow. There are large potential differences across the boundary of 
the common flux tube, particularly near the cross-over points whe: 
the two regions of isolated field come into contact. 


from the initial separation Ge While the spin frequency, } 


orbital frequency, VGM /a°, equations (9) and (10) 
combined to give 


(1- F/ Fo) =T(1 — a/ ao) 
where Fy is the initial spin frequency, and 
T=210a7x7/ ta? 


where dy = 10°ay m, F = &c/ ao (compare with equation @)),t 4 
polar magnetic field on the primary is 


B, = ym2c*/ ech =4.7 x 10°x.T 


and the primary and ‘secondary stars have both been given t 
parameters adopted above. The remarkable feature of equati 
(12) is that for reasonable values of the parameters I~ | 
binary orbit thus decays at a comparable rate to the spin o! 
primary. Failing this condition, either the orbit would de 
without any significant spin-down (T <« 1; mostly spin-up) 
the spin-down would bring the primary close to corotation be 
the orbit decayed significantly (I > 1). (It is possible: tha 
system did start with T< 1, but in that case the gravitatio: 
decay time now must be very short indeed, «800 yr, and 
primary star must have started with a spin period =60 5.) 
required high magnetic moment of the primary neutron star 
implies that it cannot be very old (<107 yr) if current: ideas 
on the decay of magnetic fields are correct. ; 

There is an alternative to the above evolutionary picture wi 
can also produce the Geminga system. The unipolar generato! 
is self exciting once a substantial current has been: established 
because this heats the foot of the flux tube as discussed above 
However, if there is very little matter in the magnetosphere the 
currents may not be able to turn on spontaneously. Perhaps the 
event'® of AD 437 was associated with the start of the curre 
flow, caused by accretion of matter passing through the system 
or by a crustquake'®. 

The final outcome of the close neutron star binary we have 
proposed for Geminga is uncertain” , but it could ‘be a blac 
hole or a millisecond. pulsar’. 

We thank K. A.: Arnaud, G. F. Bignami, D. O. Gough, E 
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Cygnus X-3 a 
noenergetic 10” eV accelerator? 


ics Department, University of Leeds, Leeds LS2 9JT, UK 





ke a many ‘other X-ray sources, Cygnus X-3 seems to be a binary 
stem that includes a compact object, but it is unusual in being 
nshrouded in gas, in displaying occasional huge outbursts and in 
ing much more energy above 10"' eV than in the keV X-ray 
a. If the compact object is a pulsar, the ultra-high-energy 
‘can be products of an accelerated beam of protons (or 
striking the companion’s atmosphere’. at is noted here 
a roughly moneenergetic spray of ~ 10" eV protons at 
‘ergs’ ', generating an electron—photon cascade in the 
ns of the companion star, best accounts for all photons above 
GeV, and might generate the gas shroud, as beam energy 
on inside the star could lift off a thick layer of matter to 
ate a fountain under the pulsar. This evidence on the nature 
he accelerated beam is particularly significant as Cygnus X-3 
ns likely to be responsible for most of the cosmic ray particles 
ind 10°” eV which are at present being injected into the Galaxy. 
Rays are seen briefly at two portions of the 4.8-h binary 
iod; at phases reported variously as 0.15-0.25 and 0.63-0.8, 
ken from the time of deepest eclipse of the X-ray source; the 
ectrum extends (roughly as E? dE, where E re resents 
rey) to 10'S eV (refs 3, 4). Vestrand and Eichler’? have 
gested that we see the pulsar through the tenuous outer layers 
he companion just before and after eclipse, and see photons 
) nuclear interactions (via 7° decay) in the gas. This is 
ported by the finding that although a potential drop of 10!” V 

quired to accelerate charged particles could hardly be found 
than ~100 km from the pulsar, the 10'* eV photons cannot 
etrate a transverse magnetic field exceeding 500 G (ref. 5) 
ence must be formed far away, somewhere near the com- 
nion star (~5 x 10° cm distant), where the field is believed 
-be of this magnitude*®. However, three problems arise: (1) 
1e diameter of the relevant outer surface of the companion 
t be very large', as it appears to eclipse the source of X rays 
low-energy a rays for ~40% of the orbit. Modelling of the 
ity curves’ indicates that the shadow must be cast by gas 
ent far outside any plausible Roche lobe of the companion 
ess the pulsar is extraordinarily light. (2) How is the spectrum 
erated? (3) How do the 10’? eV photons remain well colli- 
ated if they are derived from 10° eV protons, as has generally 
n supposed? To explain radio emission, Vestrand® requires 
magnetic field (B) of 500-1,000 G to be embedded in the gas, 
and Stephens’ showed that such a field could cause the sharp 
end to the photon spectrum. The radius of gyration of 10" eV 
‘otons would then be less than 10°? of their path either before 
-after entering the gas, destroying all directionality. 1 will 
initially assume that this local field is present, but even if instead 
the only field arises from the pulsar, one still expects deflection 
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Fig. 1 Calculated photon spectrum resulting from cascades 
initiated by 10" eV protons iñ gas surrounding the companion star 
(magnetic field present), for cases where integration extends to 
maximum gas thickness 1, 2 and 4 bremsstrahlung radiation 
lengths. Magnetic pair production® causes the drop at 10'* eV. The 
dip starting at 10'* eV is due to pair producton on primeval photons, 
assuming 12kpc distance. The dotted line. represents a- non- 


magnetic cascade, initated by 5x 10'* eV protons {integrated toa 9. 


maximum thickess of 16 radiation lengths), Data: A, ref. 19; A, © 
ref. 20; ©, ref. 17; W, ref. 18; V, ref. 21; V, ref. 22; O, ref. 23; O; 
ref. 3; @, ref. 4. 


of protons from their regular streaming when this regular guiding 
field is distorted on meeting the gas. 

As the pulsar enters eclipse, we must see it through success- 
ively greater thicknesses of gas, and hence should see an elec- 
tron-photon cascade emerging. Figure | shows the time- 
averaged photon spectrum generated. by a monoenergetic à 

10" eV proton beam, assuming that the duration of viewing 
through different column densities u of gas varies as w~’ (as 
in an exponential atmosphere), although this is not critical. The 
density is typically ~4 x 10°° g cm™?, and if there is an embedded 
field >10 G, the cascade develops by alternate pair production 
and very rapid synchrotron radiation rather than by normal 
bremsstrahlung (and there is little contribution from column 
densities exceeding 2-4 conventional bremsstrahlung radiation 
lengths of ~40 gcm™’). A photon of energy E, eV is typically 
radiated by an electron of energy E,=5.5 x 10°(E, /B)'’? eV (B 
in gauss). (Alternatively, without a local magnetic field, normal 
bremsstrahlung dominates: the ultimate spectrum and energy 
requirements are virtually the same, but more radiation lengths 
are required, partly because E, then falls as-E, rather than E2. 
The dotted line in Fig. 1 shows how the photon spectrum then 
terminates, for monoenergetic 5 x 10'° eV protons. ) By choosing 
the flux of 10°? eV protons to fit the photon flux* around 10 eV, 
it accounts for the 10'? eV photons also: there is little room for 
additional production by protons below 10° eV. With 10°” eV 
protons and a synchrotron cascade, there is ‘no collimation 
problem. The 10'* eV photon is radiated by.a 2 x10" eV électron. 
(if B= 500 G) which suffers negligible deflection in travelling | 
its typical radiation. mean free path 10° / (£,,B}) cm, and the 
direction of the original 10° eV proton is: maintained. (There 
will, nevertheless, be a few widely spread photons, arising from 
muons which decay after many magnetic gyrations.) 

The accelerated beam need not be strictly monoenergetic; we 
require the energy carried by protons above 5X10’ eV to be 
greater than that carried by protons in the four decades of energy 
below this, which.-can also contribute to the Tev photons, and 
the beam energy could be higher than 10’ eV, especially if 
hadron interactions greatly change” at energies beyond the range 
explored by accelerators and fitted by. the interaction model. 

















_ NATURE VOL. 312 1 NOVEMBER 1984 _ 





Fig. 2 Binary system, showing approximate directions to the 
Observer when y-ray bursts are observed (A, phase~0.2; B, 
phase ~ 0.75), and fountain of ejected matter. 


x To give the flux Shown in Fig. 1, the ene rgy in the proton 
beam above 10'%eV must be 2x10 (Q/4r)(0.05/A) 
(D/ 12 kpc}? erg s~'; where D is the distance to Cygnus X-3, 9 
_is the solid angle into which the overall proton beam is emitted, 
«and A is the duty cycle of one photon pulse at high energies 
Se (which may be as small as 0.02 (refs 3, 4)). Thus, the power L, 
in the particle beam is about 10°’ ergs”’. Most of the protons 

«Cor nuclei) will escape into the Galaxy, providing ~10°? ergs! 

above 10'® eV per nucleon, and little of significance below this 
energy. 

Wdowczyk and Wolfendale’ have already pointed out that 
about 30 Cygnus X-3s might supply the power to maintain the 
Galaxy's cosmic rays; but in the energy range above 10'° eV, 
ne finds a more remarkable situation. How much power is 
aintain the galactic cosmic rays above 10°% eV 
kage? A transport model’® indicates a lifetime in the 
galactic disk (say 15 kpc radius and 0.6kpce thick) of around 
2.5 «105 yr at this energy, which is also compatible with the 
lifetime of > 10° yr at 10'* eV suggested by Kiraly et al.''. Their 
‘local energy density ~3 X 107" erg cm™° would then require a 

-power of ~5 x 10°’ ergs”. Alternatively, one can use the vari- 
` tation of anisotropy with energy to estimate" the energy spectrum 
emerging from galactic sources to be ~ E~?*’ dE particles s™! 
- “(rather like the lower-energy source spectrum EH dE of 
<“ heavier nuclei deduced from spallation'*). In this case, ~5 x 1074 

of all injected cosmic ra ay energy goes into the particles above 
“10'* eV, that is, 2-5 x 10°’ ergs”. Hence, the Galaxy’s needs are 

“evidently <10% ergs”! averaged over 10° yr, and sources like 

Cygnus X-3 can be present only for a part of this time interval. 
-Itis therefore unlikely that any other such objects exist in the 
Galaxy. (The source Vela X-1 is only ~10~? as powerful’*.) If 
the source emits a monoenergetic spectrum, it is normally 
«assumed that one must rely on evolution of beam energy with 
time to generate the observed spectrum of galactic cosmic rays". 

o Cygnus X-3 might, of course, be less. powerful than assumed if 

its pulsar is an aligned rotator, only firing its protons towards 

` us (small solid angle Q). 
~ Where it strikes the star directly, the beam will deposit ~40% 
of its energy in an electron-photon cascade at depths 100-- 
500 g cm”. Here, at z ~ 100 Thomson scattering mean free paths 
-© below the surface, the thermal leakage time is long, and it will 
"generate a pressure 0.5L,2/4ad7c (if the absorbing layer is at 
a distance d from the pulsar), z times the direct pressure of the 
beam. This will easily lift off the overlying few hundred g cm~? 
AE Maar ~ (0.3-3) Mo, and should be far more effective than keV 
z X-ray absorption i in ejecting m matter. (The mechanical work done 
in removing, 2x10 Moyr`'—taken as an upper limit°—is 
<10 erg s"'.) Nearby surface matter must therefore be lifted 
and afountain of gas under the pulsar may normally cushion 
e main body of the star from catastrophic ejection. Although 
s dynamics will be complex'®, a rough idea of the possible 
po tion of gas. is suggested in Fig. 2, based on trajectories 
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iden particles emitted at up to the escape velocity, ; „stomatal. closure, so. reducing plant transpiration and there ) 











and influenced by a slightly super-eddingtonian radiation pr 
sure from the pulsar. Rotation of the system is responsibil 
the asymmetry, and the pattern roughly reflects the actual d 
tion from which y-ray pulses are reported, The large size 9 
occulting body may arise in this way. Dowthwaite: et 
however, report a 10°? eV signal at phase as early as 0.63, wh 
the pulsar is presumably well in front of the companion. A smal 
X-ray spike is often seen at this point, and as the Puls 
probably plunging in towards periastron near here’, it m 
become embroiled with the gas at this moment. ‘The 34 
variation may be related to a lag in rotation of the comp: 
along with its magnetic dipole, as this may affect the 8 

A requirement of this model is that the 10'* eV. y-ra 
should be slightly offset in time (by about half the b 
ation—say 0.02 cycle) from the 10'*eV y rays, which 
more matter for their production (TeV photons earlier a 
0.2 phase). This may be the case*'®, but there has been us 
tainty in the synchronization of phases between differe: 
ers, observing over different periods, and it would be desit 
to test this by measuring the relative timing of pulses o 
and lower energy over the same interval. The 0.7-phase 
may fluctuate somewhat in position, and if so, the start of | 
sharp intensity drop in X rays should remain synchronized wW 
this y-ray burst. 
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concentrations may increase streamflow 
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Historically, studies of the greenhouse effect of carbon dioxic 
(CO2) have dealt primarily with temperature and only second 
with precipitation. In the latest report on this topic’, however, 
subject of streamflow is broached with an analysis” which sugges 
that watersheds in the western United States will suffer 40-75% 
reductions in streamflow for a doubling of the atmospheric CO. 
content, leading to a 2°C rise in air temperature and a 10% ‘dr 
in precipitation. A shortcoming of that study is that it does no 
include the direct antitranspirant effect of atmospheric CO, enrich 
ment that would accompany any CO,-induced climatic chang 
whereby increasing CO, content of the air tends to induce partial 































tis latter effect in a simple model of watershed runoff applied 
rainage basins in Arizona indicates that 40-60% increases 
streamflow may well be the more likely consequences of a CO, 
acentration doubling, even in the face of adverse changes in 
mperature and precipitation. 
To. ensure valid comparability with the National Research 
cil (NRC) study’, we used the identical model employed 
hem to estimate changes in runoff induced by changes in 
mperature and precipitation and then superimposed the anti- 
nspirant effect of atmospheric CO, enrichment on those 
esults. Thus, we will first briefly describe that model. Table 1 
ts a set of empirical relationships among temperature, 
itation and runoff derived by Langbein et al. for relatively 
d areas in the western United States. Our first step was to 
nfirm that this tri-factor matrix used by Revelle and Wag- 
did indeed apply to the 12 Arizona drainage basins we 
lected for study, which are described in detail elsewhere’. 
first derived mean annual values of surface air tem- 
ture and precipitation from a report’ which gave this infor- 
at grid points distributed at spacings of 16 km, and used 
ults to calculate watershed runoff by this method. Then, 
other report® which gave the long-term (30-50 yr) mean 
runoff of the 12 drainage basins as directly measured by 
m gauges, we extracted data to use as a standard for 
parison. This exercise yielded the plot of Fig. 1, where it 
be seen that the Langbein model does indeed adequately 
‘the mean. annual runoff of the 12 Arizona drainage 
sins selected for study. 

e next. used the Langbein model of Table | in a manner 
gous to that of the NRC study to determine the effects of 
e CO -induced changes in climate. The scenarios we 
ered: were: first, the same 2°C rise in temperature and 
drop in precipitation investigated by the NRC report 
ors; second, a 2°C rise in temperature with no change in 
tion; and third, a 10% drop in precipitation with no 
temperature. Mean percentage decreases in stream- 
r the five wettest basins derived for these scenarios were, 
tively, 41, 23 and 23%, with some of the drier basins 
uffering 100% reductions and ceasing to provide any 
mflow ‘whatsoever. Up to this point all the results accord 
those of Revelle and Waggoner’. 

owing the lead of the NRC report, we next expressed 


conserving soil moisture and increasing runoff to streams. Inclusion _ 





Table 1 Mean annual runoff (mmya ual 


temperature (°C) and mean annual precipitation (mm yr”) forthe arid 


southwestern United States 











Precipitation 
Temperature 

200 300 400 500 600 700 
~2 54 92 154 230 330 440 
0 40 74 124 190 275 380 
2 28 57 95 154 225 320 
4 17 40 78 125 190 265 
6 9 25 60 100 155 220 
8 0 17 42 82 128 185 
10 8 29 64 103 155 
12 0 19 47 80 130 
14 10 32 65 105 
16 0 20 50 85 





Sources: refs 2, 3. 


runoff (R) as the difference between precipitation (P) and 
evapotranspiration (E), setting R= P—E. Knowing R and P, 
we could thus solve this equation for E for current conditions, 
as well as for the three climate change scenarios previously 
described, and for each of the 12 drainage basins. Then, making 
use of the experimentally-documented fact that plant evapora- 
tive water loss is generally reduced to about two-thirds of its |” 
original rate by a doubling of the atmospheric CO, contents, 
we adjusted each of these evapotranspiration results to reflect . 


what they would be with the antitranspirant effect of atmospheric’ © 


CO, enrichment superimposed on them. In doing this, however, 
it was necessary to express the adjusted evapotranspiration (E,) 
as (1-1/3 f)E, where f represents the fractional area of the 
drainage basin covered by vegetation, as none of the basins was 
completely covered with plants, Thus, if there were no vegetation 
(f =0) there would be no vegetative effect and E, would equal 
E, whereas if the entire watershed were covered with vegetation, 
(f=1), E, would equal 2/3 E. Our evaluations of f for this. 


purpose were made from detailed descriptions and photographs. : 


of the 12 basins associated with the most recent vegetation maps — 
of the area’. Values of f obtained by this method varied from 
a low of 0.24 to a high of 0.61, with an average for the five 
wettest basins of 0.49. 

Following this procedure to obtain E, values for each of the 


e2 Mean annual observations and calculations of runoff for the five wettest. basins studied for several climate change scenarios ` 





Calculated runoff 


























Observations 
Without vegetation effect With vegetation effect 
: Mean Mean Mean 
“Vegetation annual T annual P annual R +2°-10%  +2°-0% = +0°-10% +2°-10%  +2°-0%  +0°-10%  +0°-0% 
`: fraction (PC) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) 
0.61 9.3 627 ili 78 101 105 177 203 198 215 
0.57 9.3 607 105 69 91 97 160 188 183 200 
0.42 113 $59 70 46 56 53 109 126 115 138 
0.41 12.6 588 74 38 49 58 105 129 122 143 
0.45 119 562 108 43 62 51 112 128 119 176 
0.49 10.9 589 93 55 72 72 132 155 147 174 
% Change from observed 
Basin x z en z 
no: Without vegetation effect With vegetation effect 
+2°-10%  +2°-0%  +0°-10% = +2°-10%  +2°-0%  +0°%-10%  +0°-0% 
4906 —30 ~9 -5 +59 +83 +78 +94 
4940 ~34 -13 -8 +52 +79 +74 +90 
4985 —34 ~20 24 +56 +80 +64 +97 
4990 ~49 ~34 -22 +42 +74 +65 +93 
5053 —60 —43 -53 +4 +19 +10 +63 
Mean ~4! 23 ~23 +42 +67 +58 +87 









+2°-10% =2°C rise in temperature with a 10% reduction in precipitation. 
+20% = 2°C rise in temperature with no change in precipitation. 
+0°-10% =no change in temperature with a 10% reduction in precipitation. 


‘u F070% = no change in either temperature or precipitation, < 
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Fig. 1 Mean annual runoff from 12 Arizona drainage basins 
calculated by the Langbein model of Table 1 compared with 
measured mean annual runoff. 






42 basins for the four scenarios under consideration (three 
climate change scenarios and one no-change situation), we next 
used these results to evaluate adjusted runoff (R,) values which 
incorporated both the effects of the selected climatic changes 
(or non-change) plus the direct antitranspirant effects of a CO, 
concentration doubling. The results of this process, summarized 
ble 2, indicated that for the first climate change scenario, 
he 2°C rise in temperature and 10% dropi in precipitation 
RC study, the mean change in streamflow of 
asins calculated to accompany a doubling of 
he atmospheric CO, content went from —41% to +42% when 
he antitranspirant effect of the atmospheric CO, enrichment 
was added to the climate change effect. Similarly, when the 
vegetative effect of CO, was added to the climate change effect 
of the second: scenario—a 2 °C rise in air temperature with no 
change in precipitation—the mean change in streamflow of the 
five wettest basins went from ~23% to +67%. And for the third 
“‘scenario—a 10% drop in precipitation with no change in tem- 
` perature—it went from —23% to +58%; while for the case of 
a negligible CO, effect on climate, it went from the status quo 
to +87%. In all of these situations, we note that streamflow 
increases for the drier basins were of the order of several hundred 
percent. 
We note also that our results are comparable with those 
-recently obtained by Aston’? with a distributed deterministic 
process model used to simulate the effects of changed stomatal 
resistance on streamflow in Australia. Indeed, Aston con- 
cluded that “we can expect streamflow to increase from 40 
‘to’ 90%. as a consequence of doubling the atmospheric CO, 
concentration”, in what could also be a statement of our con- 
clusions. 

There are several simplifications and uncertainties associated 
with the above analysis which preclude its being accepted as 
` the final word on the subject. For one thing, the fractional area 
_ of vegetation (f) is difficult to assess very accurately. In addition, 
it could well increase significantly in a CO,-enriched world", 
and it is likely that an unvegetated area will provide more runoff 
than a vegetated area of equal size. Also, a small infiltration 
component of the total water balance is neglected in both our 
analysis and that of Revelle and Waggoner’. Both studies addi- 
tionally suffer from lack of monthly resolution, and both fail to 
account for shifts in the time of major watershed runoff which 
ay (or may. not) occur as climate changes (or remains the 
same’’). ‘However, because both studies have about the same 
of complexity, the very opposite results which they pro- 

we: are stijl atthe stage where plausible 































of-the-art model studies of the CO, ‘problem’. a 





sequences. 
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A knowledge of the chemical and isotopic charact 
continents as they existed in the past is essential to a 
ing of their evolution'~’. Vestiges of these characteristi 
in the sedimentary record. For example, the character and 
residence age“ of ancient continental crust has been dedui 
the Sm-Nd isotopic en of clastic sediments that have 
to the present day**”, We report here Sm~Nd isotopi 
ments from the Belt-Purcell Supergroup of western North A 
which form the first detailed isotopic investigation of a 
Proterozoic sedimentary succession. The Belt—Purcell as n 
features also seen in the detrital load of the world’s major n 
porary rivers, including exceptionally homogeneous 47Sm, 
and Na N i tatios and a small range of crust es 







































relatively minor since the middle Proterozoic. : 
The Belt-Purcell Supergroup of the northweste: 






It outcrops over an area greater than 125,000 km?’ i 
Montana, northern Idaho, southwestern Alberta and 
British Columbia (Fig. 1), and lies on 21 TGyr crysta 
basement”’®. Shallow water structures predominate throughs 
the succession''~"°, The time of deposition of the supergrot 
uncertain, but may have spanned an interval 
1,200 Myr!® pene: Uncomformably overlying the Bel 
Supergroup are the i impure clastics of the Windermer Sup 
group, deposited around 800-600 Myr'*'”. ; 
Proposed explanations for the depositional environment 
the Belt-Purcell Supergroup include deposition in a miogeo 
or within an adjacent failed arm of a rift system, and suggesti 
that Belt-Purcell deposition coincided with incipient rifting : 
a western continent, of entirely epicratonic deposition'*? 
Sediment source areas have been tentatively identified to the 
east, south and south-west of the Belt-Purcell deposit! 5777 
However, Mesozoic listric thrust faulting within the Belt-Pur 
basin involved translations of up to 180 km!'' and thus hampe: 
attempts to elucidate the original basin configuration, sedime: 
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| . Geological sketch map showing the location of the Belt- 

li Supergroup, principal structures, and sample localities. 
ified from King**, RMT, Rocky Mountain Trench; B, BI, Belt 
Series; P, Purcell Series. 


rections or source areas. Information from Sm-Nd 
pes obtained from Belt- Purcell sediments may provide new 
to these problems, as well as into Proterozoic crustal 


‘a sample from the Horsethief Creek Group of the 
ere Supergroup. Exact sample locations and strati- 
phic positions are described elsewhere”. 

ile 1 gives Sm~-Nd isotopic measurements on these samples. 
al procedures used follow those reported previously”. 
lay '“*Nd/'*Nd ratios for Belt-Purcell rocks fall within 
cted range of 0.511615 +18 to 0.512040+ 22 (eng = —20 
2) and *’Sm/'“‘Nd ratios vary only from 0.099 to 0.120, 
though Nd and Sm concentrations vary by a factor of 3-4. 
7Sm/'*Nd ratios are typical of those reported for 
rn river sediments” and other fine-grained clastic sedimen- 


formity of '**Nd/'*Nd ratios for sediments deposited 
ut a ~-20-km thick succession during a period that may 
ver some 300 Myr is striking (Fig. 2a). This constant 
ratio probably indicates the presence of a particularly 
geneous and persistent sediment source, and/or very 
‘ough mixing of a number of source materials over a period 
everal hundred million years. Crustal residence ages, which 
calculated on the assumption that the Sm/Nd ratios of the 
s are unchanged from the time that their precursory 
nental material was generated by magmatic processes, are 
iniform for the Belt-Purcell sediments, and with one excep- 
all between 1.9 and 2.1 Gyr (Table 1, Fig. 2b). The mean 
residence age of the uniform source of sediment is well 
cess of the. depositional age and new mantle additions to 
yntinent within the Belt- Purcell source area, over the inter- 
concerned, are too small to be recognizable. The one sample 

possesses a somewhat younger crustal residence age of 
Gyr presumably reflects a larger than average additional 
bution from a relatively young and probably locally sup- 


Purcell sediments with published results for Archaean 
_ The crustal residence age for Belt-Purcell samples 


Source areas, eight Canadian Shield basei 
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Fig.2 a, ‘“?Nd/'“*Nd plotted with respect to approximate strati- 
graphic ages for Belt-Purcell sediments. Stratigraphic ages are 
inferred from palaeomagnetic data'®. b, Crustal residence age 
estimates (Tor) plotted with respect to approximate stratigraphic 
age (Torrar) for Belt-Purcell sediments. c, Crustal residence age 
estimates (Ter) plotted with respect to approximate stratigraphic: ` 
age (Torrar) for Dalradian Supergroup samples. Comparison of 
b and c illustrates that whereas the Belt-Purcell shows a small 
range in crustal residence age throughout a 20-km succession, the 
Dalradian shows an unusually wide variation in crustal residence ` 
age. (See also ref. 35.) 


exceeds the depositional age by 200-800 Myr, whereas available 
Sm-Nd analyses of Archaean sediments from Isua, Malene, 
Pilbara and Fig Tree deposits indicate crustal residence ages 
approximately coincident. with their stratigraphic ages*®*8, 
This result has been interpreted to indicate that these Archaean 


sediments are close to first-cycle*, because short time intervals’. 


around 100 Myr have elapsed between extraction of parent 
material from the mantle and deposition of the sediment. The 
contrasting character of the Archaean and Belt-Purcell. sedi- 
ments indicates that the latter has a longer average time interval 
between crustal formation and sediment deposition and possibly 
a more extensive history of recycling. The Windermere Super- 
group sample (Table 1) has a lower '?Nd/!“4Nd ratio (0.51154) 
than that of the Belt-Purcell samples, and higher crustal resi- 
dence age of 2.4 Gyr, perhaps reflecting the contribution of a 
different, older source material or proportion of such material 
to the Windermere. 

The sedimentology. of the Belt-Purcell rocks does not con- 
strain their source. However, to evaluate one of several possible 









ent samples have 
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Belt Series: Whitefish Range and vicinity 









Nd /'“4Nd(Qo)" Nd (p.p.m.)"+ Sm.(p.p.m.)t Sm/Nd Ter (Gyr) 
0.511842 (20) 24.78 4.814 0.1174 2.07 
0.511836 (18) 36.13 6.639 OILI 1.95 
0.511917 (16) 44,22 8.329 0.1139 1.88 
0.512040 (22) ALIS 7,396 0.1072 1.59 

` 0.541771(20) 47.41 8.799 0.1122 2.07 


0.511965 (14) 
es Purcell Mountains and vicinity 


28.45 





















0.511950 (18) 42.21 8.238 0.1180 1.91 
0.511814 (18) 44.86 8.219 0.1107 1.97 
0.511879 (18): 32.16 5.891 0.1107 1.88 
0.511764 (15) 38.26 6.460 0.1021 1.89 
0,511842 (18) 52.93 10.04 0.1146 2.01 
0.511882 (24) 58.98 11.76 0.1205 2.07 
0:$11615 (18) 20.40 3.348 0.0992 2.04 
indermere Supergroup: Purcell Mountains and vicinity ae 
0.511537 (20) 36.04 0.1097 2.63 





RAT ages arë approximate. 
“*Errors quoted are 2 standard deviations of the mean. 
t Error =0.2%. 





been obtained from cores in southern British Columbia and 
Alberta recovered from depths of 2,200-3,700.m. The results for 
these samples (Table 2) are compared with previous Nd isotopic 
jalyses, reported from the Canadian Shield®. Crustal residence 
‘for the eastern and western parts of the shield are similar 
d range espectively over 2.6-3.2 and.2.8-3.4 Gyr, with the 
ille composite. which has a crustal 
. No part of the Canadian Shield has 
ch has a 2.0 Gyr crustal residence age 
acted as a single eastern sediment source to 
Belt-Purcell, and furthermore, no mixture of these Canadian 
“Shield regions west of the Grenville Province yields an average 
crustal residence age of 2.0 Gyr. If multiple sources with a range 
` of crustal residence ages are involved, they must have become 
© effectively homogeneous by the time of deposition. 
“The range in crustal residence ages for both modern river 
particulates?” and Belt-Purcell sediments suggests that the Belt- 
Purcell material, like modern river sediment, is the product of 






























“3Nd/'“*Nd ratios are normalized to \°Nd/ 4Nd = 0.7219, Bulk Earth parameters used to calculate ef, are “Nd/ MAN d= 63: 
Sm/'Nd= 0.1966. Crustal residence ages (Top) afe calculated relative to.a depleted mantle’ where ehg =0 and efa = +10 (ref. 29). Sa 
re numbered B1 to B6.and P1 to P7 from the base to the top of the stratigraphic succession collected from the Belt and Purcell Series respect 


be the product of erosion across a large draina 





0.1204 1.93 



























effective homogenization. accompanying fluvial. pro 

Lithofacies evidence of braided stream, alluvial fan and deli 
deposits supports this notion, as does the general unifo: 
sediment mineralogy and geochemistry’ 23,2630 By g 
modern major river systems, the Belt-Purcell successic 


























sediment sources may not have been restricted t 
areas. l 

It should be emphasized that the particularly restri 
of crustal residence age estimates found for the Belt 
not.a feature.of all sedimentary successions. For example 
Dalradian Supergroup of Scotland, for which considera’ 
are available, exhibits very. different characteristics (| 
The Dalradian was deposited with an interval extendin 
0.70-0.51 oe and shows a very wide range of crustal T i 





Table 2 Nd and Sm isotope data for Canadian Shield anjis 





New data from basement cores, Southern British Columbia and Alberta 





` Sample “ON d/'4Nd 20)" Nd (p.p.m.)t 
UA4221 0.511275 (26) 4.125 
UA4229 0.511001 (18) $9.02 
UA4418B 0.511135 (20) 18.37 
UA4220 0.511448 (24) 21.64 
UA2438 0.510381 (14) 49.51 
0.510363:(14) tak 
UA4231D 0.511258 (17) 14.31 
UA3185 0.511217 (18) 47.75 
UA5282 0.510979 (16) 32.92 
Previously reported data for Canadian Shield composites® 
Sample 

New Quebec 


North Quebec 

Fort Enterprise gneiss 
Fort Enterprise granite 
Baffin Island 









Errors quoted are 2 standard deviations of the mean. 
Error =0 2%. 


Eng and Sacoina data of McCulloch and Wasserburg": 


Sm (p.p.m.)}t Sm/Nd 
0.7736 0.1133 
8.702 0.0891 
3.263 0.1074 
4.065 0:1135 
4.955 0.0610 
2.934 0.1239 
8.615 0.1091 
5.351 0.0982 
E Na Ismjnat Tor (Gyr)8 
~29.440.4 ~0.444 2.94 ; 
—28.9+0.3 —0.464 2.79 
—24.3 £0.4 —0.372 3.37 
~30.740.2 —0.495 2.77. 
~31.740.3 ~0.464 3.00 
~32.5+0.4 —0.486 2.94, 
~7.1 £0.3 ~0.361 1.52 
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Fig.3 Comparison of the stratigraphic ages and crustal residence 
ges of fine-grained clastic sediments calculated from Sm-Nd 
‘atopic analyses from this study and elsewhere***"*'. Additions 
; the sedimentary mass from contemporary mantle will plot near 
he line. indicated. Open circles, Belt-Purcell samples; closed 
s; all other samples; closed squares indicate river and aeolian 
particulates. 


xcellent example:of the value of Sm-Nd isotopic analyses of 
nts for limiting the nature of sediment source regions. 
comparison of crustal residence ages for the Proterozoic 


(Fig. 3) shows that all sediments deposited since 2.0 Gyr 
crustal residence ages well in excess of their stratigraphic 
ming | that the samples analysed are typical of sediment 
respective stratigraphic ages, it appears that the source 
‘of sediments deposited before ~2.0 Gyr must include a 
component of material with a comparatively short crustal 
ence time. In contrast, the younger sediments are dominated 
ycled continental components with relatively long crustal 
imes, and minimal additions of contemporary mantle- 
ed material. Interestingly, the average crustal residence age 
1odern river particulates, Palaeozoic sediments and the 
-Purcell Supergroup are all around 1.7-2.0 Gyr. Although 
ight be argued that this pattern is an artefact arising from 
ed sampling and that the Belt-Purcell may be atypical of 
¢ global sedimentary mass existing at that time, it seems more 
ly that the input of new mantle material into the sedimentary 
ass has been minor over the past 1.5 Gyr or so. Because the 
volution of the sedimentary mass is likely to be reasonably 
presentative of at least the upper part of the continental crust, 
‘ould appear that the evolution of the continents themselves 
also been:dominated by recycling. 
An important conclusion from the evidence now available is 
he mean crustal residence age of clastic sediments, and by 
erence that. of the continental crust during much of the 
hacan, differed little from that expected for contemporary 
ns from the mantle at that time. This observation elimi- 
es the possibility of major contributions from pre-4.0 Gyr 
tinental crust, and suggests that the residence time of light 
rare-earth enriched material at the Earth’s surface was short 
this interval’?**. The dominance of material with a short 
al residence age evident in the archaean sedimentary mass 
luced markedly throughout the Proterozoic. Recycling and 
sm of older continental crust has dominated the Pro- 
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Pervasive flooding of CO, has been proposed as the cause of 
granulite facies metamorphism that is capable of producing many 
distinctive characteristics of the deep continental crust: reduced 
water activity, orthopyroxene-bearing assemblages, depletion. of 
large-ion lithophile (LIL) elements, and dehydration’. The calcu- 
lations presented here of C--O—H fluid composition for conditions: 
of granulite facies metamorphism show that oxygen fugacity (fo,) 
estimates from many terranes are sufficiently low that the addition 
of CO,-rich fluid causes graphite to precipitate. For values of 
pressure (P) and temperature (T) common to granulites, and with 
Jo, Slightly below the quartz—fayalite-~magnetite buffer (QFM), 
the addition of CO, sufficient to grow 10 vol. % orthopyroxene 
requires the precipitation of 1.5 vol.% graphite. As 0.1 vol. % —. 
graphite is readily recognizable, but is not reported in most low > 
So, granulites, these rocks have not been flooded by CO, and low 
Jano is probably due to extraction of a magma or recrystallization 
of an already dry rock”. Granulite terranes may thus result from 
a combination of these three processes and the dominance of any 
one cannot now be demonstrated on a regional basis. 

Calculations in the C-O-H system show that there are six 
important fluid species (H:O, CO, CHa, CO, Ha, Oz) which 
can be related by four independent equations” aA 








@y 


C+0,=CO, a) 
CO+0.5 0; = CO, (2) 
H, +0.5 0, = H,O 
CH, +20, = CO,+2H,0 (4) 


At known P and T there are eight variables in this system, the 
six fluid species, the fluid pressure (Pp) and the activity. of 
graphite (ac). If a free-fluid phase is present, a condition 
required by CO, infiltration, then Pp= Prinostaic (PL) and 
equation (5) can be assumed. 

PL = Prot Poo, + Pou, + Poot Pu, t Po, (5) 


By assuming a free-fluid phase there are now five equations and 
seven unknowns (as Pe has been fixed) and by fixing the value 


of two variables it is then possible to calculate the values of the 
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log foo, 


Fig. 1 a, b, C-O-H fluid equilibria. at.700°C, P, =7 kbar, 
Graphite is stable only along the outermost solid curve. Outside 
this curve ag <1 at Pp=7 kbar, Inside this curve P;.<7 kbar so 
at, a freely-migrating fluid at lithostatic pressure cannot exist 
Isopleths of log fo, (dashed) show the effect of 
1g mineral assemblage: (these isopleths are 

‘@o=1. within the graphite stability curve). 
rgement of the area within the box in a, showing the 
terseetion of the log fos’ = ~17 isopleth with the graphite stability 
curve at point A. At this point Xco, 0.3 and addition of CO, 
< will precipitate graphite. For these conditions the amount of co, 
“necessary to stabilize 10 vol. % orthopyroxene would precipitate 

i 1.5 vol. % graphite. 













five remaining variables, In a graphite-bearing system where 
i ac™ 1, itis thus possible to calculate the fugacity of five fluid 
species by determining the fugacity of one. If graphite is not 
present the determination of the fugacity of two fluid species 
allows the determination of the other four as well as ac. 
The calculations summarized here were performed by the 
_ program CALCOH which employs a hard-sphere modified 
*. Redlich~Kwong equation of state for H,O, CO, and CH, (refs 
12, 13), and the Gibbs energy of each fluid'*. Calculations of 
` fuid fugacities were made with and without consideration of 
“non-ideal mixing by these three fluid species, with a general 
agreement. of better than 0.1 log unit. 
Results of these calculations are shown. as a function of log 
dco; yersus log fn,o at constant T= 700°C, P, = 7 kbar (Fig. 1a, 
.b). The: outermost solid curve delineates the stability field of 
graphite: Along this curve ac = 1, Pp= P,=7 kbar, and know- 
ledge of the fugacity of any one of the six fluid species determines 
the system. Any point inside (below and to the left of) the 
“graphite stability curve is equivalently fixed for a lower Pp as 
indicated by the 1-, 3- and 5-kbar lines. These pressure contours 
are calculated assuming a¢ = |. It is important to point out that 
for a graphite-absent rock, where ac < I,.these contours become 
i the upper limit to Pp. Thus, at P, = 7 kbar there will not be a 
_- free-fluid phase for values buffered inside of the graphite stabil- 
ity curve as Pp< P,. The dotted curve (Fig. 1b) satisfies the 
relation Pino t Poo, = 7 kbar. As high-temperature rocks are 
uctile with relatively little strength, the region above this curve 
ecologically inaccessible as a fluid overpressure would result, 
| nids to- escape. The log fo, contours are calculated 
outside (above) the graphite stability curve at 
ar inside graphite stability at ac = 1. Only 



















on the graphite stability curve can P,=7 kbar in the. prese 
of graphite (ac = 1). An important ramification of this diagr 
is the instability of 7 kbar of fluid inside the graphite stabilit 
curve. 

The significance of this result is seen for a rock where log 
is buffered to -17 at 700°C, 7 kbar (dashed isopleth in Fig. 
At low fco, (near point C) graphite is unstable at P= 7 kb 
However, if CO, infiltrates the rock it becomes the dom 
fluid species at a very low CO,/R as pore space will be low 
these P and T and no other fluid species are assumed to 
buffered (CO,/R is the CO,/rock ratio calculated fr 
moles of oxygen; some workers prefer to use this weight 
the conversion being 1.0 atom ratio ~ 0.5 wt ratio). If infi 
CO, dilutes intergranular H,O then the system will increa 
Sco, (and ac) following the log fo, = ~17 isopleth tov 
right from point C and intersecting the graphite stabilit: 
at point A at which time graphite becomes stable and X, 

The system is then invariant in the presence of grap! 
additional CO, infiltration will be buffered and will dri 

tion (1) to the left, precipitating graphite and exhaustin 
oxygen buffering capacity of the rock. As long as this bufferi 
capacity is maintained CO, will be converted quantitative 
graphite and CO,/R for infiltration can be calculated from | 
amount of graphite that is precipitated. Such CO,/R. value: 
considered maxima because some graphite might predate 
be unrelated to CO, infiltration. 

An estimate of the amount of CO,-flooding necessary to fo 
a granulite can be made from modal analysis and consider 
of reaction progress for dehydration reactions. For examp 
based on the idealized stoichiometry of the amphibole b 
down reaction: 


tremolite = 2 diopside + 3 enstatite + quartz + H,O 





it is estimated that in certain rocks from the Adirondack M 
tains’ H,O was buffered at X44, = 0.12, at 700°C an 

If 10-vol. o orthopyroxene formed by reaction (6) in 

to CO, infiltration then CO, must have continuously dilute 
evolved H,O. In this example, H,O must always com 
12 mol.% of the fluid (Xco,* 0.88), and the total CO,/ 
estimated at 0.1. If conditions of Xy,9~ 0.1 from the Adirc 
dacks®'*!6 are similar to those of other granulite terranes 
values of CO,/ R ~0.1 should generally be necessary. to 
granulites by CO, flooding. This value is, however, a cons 
tive estimate and values of CO,/R =0.25 have been inde 
dently estimated”. Higher CO,/ R values would cause pre 
tion of larger amounts of graphite in reduced condition 

In a rock with <0.1 vol. % pore space, infiltration equ 
CO,/R = 0.1 will precipitate ~1.5 vol. % graphite. At low poro: 
ity, the amount of graphite precipitated depends only on CO, 
and is independent of fo, as long as fo, is buffered to wit 
the stability of graphite. If a high pore volume of 1% is chos 
then the amount of graphite is negligibly reduced to 1, 
Regardless of its form, as little as 0.1% graphite is easily id 
tified either macroscopically or in thin section allowing reli 
identification of rocks that have undergone very small amou: 
of infiltration (CO,/R > 0.007). Thus it would. be difficu 
miss evidence for CO, infiltration in low fo, rocks. ee 

The general applicability of these calculations is depend 
on what values of fo, are buffered during granulite facies me 
morphism. If fo, is buffered below reaction (1) then: large 
amounts of readily observable graphite must be present to sati 
models of CO, flooding, while if fo, values exceed the stabil 
of graphite then the absence of graphite provides no informati 
as to CO,/ R. 

Unfortunately, the presence of graphite by itself does no 
necessarily indicate CO, infiltration even though it obviously 
signifies fo, values less than reaction (1). The problem arise: 
because much graphite of premetamorphic, biogenic origin 
preserved in granulites'’, and thus the presence of graphi' 
which may be 2-10 vol. % in some deposits'*, indicates ‘CO. 
infiltration only if lower grade equivalents are graphite-free 
Glassley* concludes that CO, flooding is indicated. by. the | 
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. 2 Values of fo, for granulite facies samples estimated from 


existing magnetite + ilmenite. Reaction (1), which closely 
approximates the maximum fo, stability of graphite, and QFM**, 
the quartz + magnetite + fayalite O,- buffer, are shown for reference 
kbar. ane O, from Scourie**; 0, from Quebec”*; A, from 
uth Quebec”; +, from the Adirondacks”? . Graphite was not 
ported i in most samples indicating that if CO, infiltration occur- 
|, amounts of CO, were very small, CO,/ R < 0,007, and were 
not sufficient to account for granulite formation. 


ence of graphite in two granulite terranes, but this has been 
cized on the grounds that graphite-absent amphibolite facies 
s are not correlative with graphite- bearing granulites'’. The 
difficulty i in correlating across the amphibolite-granulite 
ion has thus far prevented successful application of this 
owever, the presence of small amounts of graphite is still 
tive.as it places an upper limit to CO, infiltration. For 
le, it has been estimated that 35% of the rocks in an area 
‘Marranguit Peninsula, West Greenland contain graphite 
vels of <0.01% (ref. 20). If all of this graphite was precipi- 
“by CO, infiltration then a CO,/R value of <0.0007 is 
ated, which is not enough to form these granulites. If some 
hite is biogenic in origin then CO,/ R would be less, possibly 


Coexisting Fe-Ti oxides have been successfully used to esti- 
e fo, and temperature in a wide range of igneous and 
th-grade metamorphic terranes’. Values from four studies of 
ulites are shown in Fig. 2 (Adirondacks, Quebec™?4, and 
tie’*), These values are from several rock types including 
rnockites, anorthosites, metagabbros, granites, trondhjemites 
a titaniferous magnetite deposit. Because most fy, values 
t below reaction (1), even when considering an uncertainty 
og ioe 5, it is clear that most of these samples should 
n graphite if they were infiltrated by CO,. No graphite is 
ported for any of the samples from refs 22, 23 and 25. We 
ve further examined the Adirondack samples’, both in thin 
on and macroscopically, but have observed no graphite at 
0.01% level. 
The ‘assemblage, biotite + K-feldspar + magnetite + ilmenite, 
fered. fo, and fy,o in an Adirondack charnockite. The esti- 
| values are log fo, = ~17.240.4 and log fio = 2.65 £0.65 
6). These values are plotted in Fig. 1 (point B), showing 
if a= 1 then Pp must have been ~4 kbar for this sample 
<Pthen Pp was less). Thus, these estimates indicate that 
free-fluid phase could have coexisted with this rock at the 
essure and temperature estimated for granulite facies meta- 
phism, unless the metamorphic fluid deviated substantially 
he C-O-H system. We consider the presence of such great 
unts of other fluid species (such as H-S, N2, Ar, HF, NaCl) 
unlikely on a regional basis. Common orthopyroxene- 
searing assemblages in granulites indicate log Ju 20 İS sig- 
ficantly below 3.5 (Xino = 0.1), and such low fao is generally 
cribed to all granulite terranes based on melting equilibria as 
|l as dehydration reactions. If the rocks in Fig. 2 were buffered 
t low fuo then none of these samples could have been infiltrated 
ignificant CO, as a free C-O-H fluid at Py =7 kbar would 

















not be stable. It is thus likely that all of these rocks represent 


fluid-absent granulite facies metamorphism. 

Further studies are necessary before it is possible to generalize 
about the fluid conditions of the lower crust. These results. show 
that some common, granulite facies rocks have not been flooded 
by sufficient CO, to explain their genesis. However, compelling 
evidence indicates that granulites from certain quarries in 
southern India were stabilized by infiltrating CO, (refs 2, 4, 6). 
Graphite is not reported in these rocks, but since fo, is buffered 
to above QFM by the reaction 3 ferrosilite+1/20,= 
magnetite +3 quartz (R. Newton, personal communication), 
graphite is not expected regardless of whether CO, flooding 
occurred or not. Thus the results reported here may not be at 
variance with those from southern India. Extreme gradients in 
feo, and the absence of pervasive fluid movement is reported 
for some localities in the Adirondacks*, If such heterogeneous 
fluid conditions are representative of granulite facies terranes 
elsewhere, then low fyy,o values may indicate either extraction 
of magmas, channelized CO, infiltration, or metamorphism of 
already dry rock, and these processes may operate in close 
proximity. Very real contrasts in process may also exist from 
terrane to terrane due to differences in age and/or tectonic style. 

This study was supported by grants from the Gas Research 
Institute (5083-260-0852), the NSF (EAR81-21214 and. 83- 
11772) and the Geological Society of America Penrose Fund 
(3256-83). We thank P. E, Brown, T. C. Juster, E. J. Essene and 
W. E. Glassley for helpful conversations and reviews. 


Note added in proof: We have used the calibration of Buddington ` a 


and Lindsley?! to estimate fo, from Fe-Ti oxides rather than 
that of Spencer and Lindsley?” (1981) (D. H. Lindsley, personal 
communication). More recently, unpublished experiments of 
Anderson and Lindsley yield somewhat lower T at low fo, 
(D. H. Lindsley, personal communication) and suggest that the 
oxides from Quebec” have reset after metamorphism. Most of 
the other values in Fig. 2 are not significantly affected and thus 
the conclusions of the study are not changed. 
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Parts of Scotland experience- large acidic depositions’? which 
may result in ecological damage”. Some highland areas appear to 
suffer enhanced acidic input” which frequently exhibits pronounced 


episodicity*. Acidic snowfall leads to acidic flushes during snow: ooo 
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pack ‘melting**. *. Polluted grey snow layers have been reported in 


Scandinavia’~’°, but we present the first documented case remote 
m major splines sources of a distinctive black, acid snowfall 
episode with pH 3.0. The particulate deposit was very large and 
consisted of ~29% carbon; the remaining fraction included par- 
icles which could be identified as coal fly-ash. The heavily polluted 
air originated to the south-south east and was probably transported 
it an altitude of ~1,000-1,500 m in association with a stable 
atmospheric layer whereupon particles were efficiently scavenged 
by snow. Such transport and deposition mechanisms may produce 
he greater ‘pollutant. deposition sometimes observed in mountain 
areas’. Similar events may not be rare and could make an important 
mtribution to the annual pollutant input. 
S ortly before 06.00 on 20 February 1984 a black snowfall 
 (~5 cm) fell in the Cairngorm mountains (data from Aviemore 
_ Meterological Station). Our survey, by road and foot transects 
in the more accessible zones, indicated that ~200 km? were 
affected. Individual samples (22) were collected within hours 
f falling. Because of the difficult conditions, the sample loca- 
tions were not equally spaced but were biased towards those 
hat appeared to be close to the eastern and western extremities 
-of the fall. The particulate loading was exceptionally heavy 
(0.01 g 17! of melted snow) and our conservative estimate is a 
deposit of 0.1 tonne km”, Detailed analysis has been undertaken 
on samples collected at 1,080 m, OS National Grid NJ013046, 
«Our survey of snow packs southwards to Edinburgh, a few weeks 
later, revealed no trace of the event which by then had evolved 
into a distinctive grey layer ~40 cm thick in the Cairngorms. 
‘Local residents claim that black snow has fallen a number of 
“times annually in recent years and appears to favour higher 
altitudes. 
Figure | a.shows the synoptic pattern. For several days preced- 
he event, a ridge from a strong anticyclone to the east 
tern side of the United Kingdom. Pronounced 
sidence inversions were observed (Fig. 2) and 
“ebruary 1984 the lapse rate in the sub-inversion 
was close to the dry adiabatic value, unlike the previous day 
hen it was relatively stable’?. Snow showers, hail showers and 
mulonimbus development were also observed in NE Scotland 
and off the coast at around 06.00 and during the following 
ylight hours'?. The lower boundary of the black snow layer 
was a thin stratum of hailstones. 
Back trajectories for air over the Cairngorms are shown in 
ig. 1b. The air flowed over a broad corridor of industrial and 
“urban activity from the Trent Valley and southern Yorkshire, 
northwards over Edinburgh and Dundee. Given the uncertain- 
ties of trajectory analysis, the large industrial area of Tyneside- 
‘Teesside could have contributed, as could smaller zones of 
activity. European sources could also have contributed to the 
overall atmospheric pollutant loading, as black atmospheric 














































‘Fig. 1 a, Synoptic pattern at 06.00 
‘on 20 February 1984" with locations 
referred to-in Fig. 2 (L. Lerwick; S, 
- Shanwell; H, Hemsby). b, Back- 

trajectories from the Cairngorms at 
00.00 (@) and: 06.00 (—) on 20 
February 1984, at’6-hour intervals. 
The geostrophic approximation for 
the surface pressure distribution was 
used. The plan of the 00.00 trajectory 
agrees well with the observed 
850 mbar winds’? although use of 
these would increase the length of 
the 6-hour trajectory by 40%. There 
zoare considerable uncertainties and 

“debate over trajectory analysis*'*. 
The 850 mbar wind has been used" 
and the use of the surface pressure 
eldis:considered to be robustly 
ppropriate'*"'*. In this case the 
-isobar component of fow was 















for the: event) of the likely pollutant source regions. 
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tricted to a very shallow layer of air near the ground'*, Both trajectories are sufficiently similar for us to be confident (in the absence of 








Table 1 Composition of black snow and composition range of 12 other Şi 
collected within 2-3 hours of falling during January-April 1984 























pH SO Cl NOS NH Ca? Mg** Nat 
Black : 
snow 3.0 198 148 209 03 063 052 452 039. 
Other 3.5- 0.27- 015- O11- ND ND 0.02- 0.07- ND. NE 
snows 4.7 4.86 10.23 3.52 0.64 445 








Ion concentrations are given in p.p.m.; pH was determined immi dia 
melting and after filtering through a 0.45-pm Oxoid membrane. lon detern 
were made after storage at 4°C. Anions were determined on.a Dionex Mod 
ion chromatograph (precision ~5%). Cations were measured on a Pys Uni 
spectrophotometer (Na, £0.1; K*, Mg’, Ca’*, +0.02) except for NH* 
was determined by the indophenol blue method on an autoanalyser 
evidence that the charge balance is due to organic ions, although pH me: 
errors may make a contribution. Charge balance is excess equiv. f tal 
not determined. 




























particle episodes have been observed in Sweden with: | 
the England to Poland sector. Pollutant ‘plumes: fi 
individual large sources can be tracked for hundreds 
kilometres”? and when they become entrained wi 
beneath an elevated stable layer there may be little cross-y 

dispersion and retention of plume coherence for considerab 
distances”°, The importance of transport above the mixing I: 
is that the process of dry deposition i is inhibited and 
potential for very long range transport”. Long-range 
















be favoured at heights of 7800-1 ,500 m at night whe 
speeds were up to ~14 m s™' at this level; when surface 
speeds were <4 ms~'; when emission was into the lower a 
phere with a dry adiabatic lapse rate and the plume be 
confined in a more (and becoming more) stable atmosph 
These atmospheric conditions show strong similaritie: 
prevailing in this case'*, Such stable plumes have been 
to be dry-deposited on high terrain at night”. 

The elevation of the mountains, the geography to the so 
black snow distribution and the requirement for little-dis 
heavily-polluted air to be available for scavenging sugg 
advection of the greater proportion of the pollution was 
or just below the subsidence inversion layer. This implie: 
the pollution would have to rise to about 1,000 m and impli 
large emitters producing bouyant plumes, although low. 
emissions may have made a contribution (synoptic ob: 
of smoke and haze indicated a northward transport of pollut c 
in the lower layers; Fig. 2). Power station plumes, for: 
can rise to these heights under the light » wind conditions’? 
prevailed during the previous night''. Figure 2 shows the hea 
polluted air being made available for snow scavenging o 
Cairngorms. It was clear that snow scavenging, and 
deposition, was the removal process as the particles 
























































hematic cross-section along 
-trajectory to the Trent Valley. 
own are dry-bulb temperature 
dings at 00:00 on 20 February 

84 (see Fig: 1). Tyneside and Tees- 
ide are industrial areas to the east 


advection St large source plumes, with 
the probable trajectory, but may ana } rae, sourco plumes, w 
have contributed to the ‘regional’ aat substence Varsien layer 
Advection. in 7 


: oe Miate air for scavenging. 
Pollution in the less stable, sub-inver- 
ion layer was more efficiently dis- 
persed and diluted and further dep- 
ed by dry deposition, especially in v fe z 
terrain, The strength and posi- : Synoptic observations of 
of the inversion fluctuated tem- Š : previous 24 hours 
rally and spatially'*: consequently the northward advection of the inversion-layer pollution should not be regarded as increasing in height 
nthe'simple fashion portrayed. No showers occurred along the trajectory south of the Scottish mountains’! and so high pollutant concentrations 
the mountain air were available for scavenging via down-mixing induced by topographic disturbance, and compensating downdraughts 
sociated with the cumulus circulations. These cumulus circulations may l have drawn in volumes of the heavily polluted air, effectively 
ncentrating’ the pollution to produce a pronounced localized deposition”®. 





orated throughout the whole depth of the fall. Snow is a Besides glassy spheres and the very porous carbon back- 
+h more efficient scavenger of aerosols than rainfall?’* and ground, other less easily identifiable particles are seen in Fig. 3 
ging efficiency increasing with decreasing ice-crystal and these may be from a variety of sources. Elemental propor- 
er”. This episode consisted of fine-grained snow. tions (Table 3) are similar to those of PF fly ash” (and perhaps ooi. 
black snow had a pH of 3.0 at the main sampling site. to other industrial ashes though data are not available) although «9 
volume-weighted mean annual precipitation in this area of Ca proportions are relatively low (the Ca fraction is soluble, © 
nd is around 4.5 (ref. 2), although the pH is lower for our and there are high concentrations in the meltwater) and Fe is 
‘snow samples from greater elevations (Table 1). Of par- higher than ‘typical’ but well below the ‘common maximum”. 
interest are the relatively large excess of Cl” and the The Pb, Mn and Zn concentrations (respectively 1,530211, 
3 concentrations in the black snow. HCI is very soluble and 4,960 + 94, 9830+ 108 p.p.m. after HNO, and HCIO, digestion 
will be relatively easily removed once precipitation occurs. and atomic absorption spectrophotometry) are higher than those 
oxidizes before SO, (ref. 30) and snow is relatively efficient typically observed in PF chimney solids’? (especially Zn) but 
moving NO (refs 28, 29). The molar ratios of NO}: non-sea trace elements, in particular Zn °’, are known to be enriched on 
2": non-sea salt Cl” (1.71: 1.00: 1.04) may therefore reflect small particles which have much longer atmospheric resi- 
ion plume ageing, different solubilities and differential dence times. The log probability size distribution (Malvern 3600 
enging, or different sources. E-type particle size VA3 analysis after ultrasonic dispersion) for 
og or cloud droplet deposition may increase acidic input at the fraction <4 pm diameter (~70% of the total number) was 
s altitude*', but our observations appear to show a systematic similar to distributions determined for PF chimney solids”, but 
crease of pH with height (Table 2), suggesting that this was shifted towards smaller diameters. Our distribution was deficient 
the most important mechanism in this case. Snowflakes at in >4um particles, presumably as a result of preferential 
wer elevations had a longer fall-path through polluted air removal in the ageing atmospheric plume (this is not inconsistent 
xed down into the mountains from high level (Fig. 2) or, if with carbonaceous component enrichment in the plume when 
cloud enveloped the mountains, the mechanism may have the weight of carbon as a proportion of different size classes of ; 
en early scavenging of ascending polluted air drawn into the fly ash from PF power stations is considered”). : 
hee In the region of the back trajectory there is a total of ee 
ure 3 shows many particles which are typical of pulverized ~20,000 MW of PF power station capacity, the largest plant i in’ 
F) or coal fly ash’, The carbonaceous component, 
| gave the snowfall its distinctive appearance, comprises 
of the particulate volume but it is highly porous (with a 
ific area of up to 80 times that of non-carbonaceous oil-fired 








Table 2 Snowfall pH variation with altitude on a hill 18 km to the west 





34), The carbon content of the particulate is 29+ 1.5% by eee 
ht (Hewlett-Packard 185 B CHN analyser). The carbon Altitude (m) 280 295 320 410 S00 570 
rent of chimney solids from modern UK oil-fired power pH 295 3.00 310 315 3.30 3.30 
ns is <5% by weight”, but values in excess of 20% have SS a ee a SR ee 
fe ported i in the United States under some operating condi- It is possible that this variation reflects an ‘edge’ effect as this was 


32285 Other coal burners produce larger proportions of the most westerly sampling point and altitude increased towards the 
son residue and would have contributed to the black snow West 
naceous component. For example, the carbon content of Tabie 3 Range of percentage contribution of measured elements to 


34 
c coal ash is very high”. The carbonaceous residue the total weight of all 14 constituent elements in black snow samples 
les in PF fly ash are often concentrated in the fraction 











r than 45 min diameter™, and as they are highly porous, Na 2.2-5.4 Ca 0.6-1.1 
vill become relatively enriched at the expense of other, Mg 4.0-7.5 Ti 0.5-1.3 
er fly ash components which settle out much more rapidly Al 18.6-24.0 v 0.0-0.1 
long-range transport of the plume. In addition, the large Si 30.3-44,3 Cr tr-0.1 
rea of the carbonaceous particles will lead to further ` 13-18 Fe 18.9-21.4 
chment i in the snow scavenging process. The carbonaceous a ER en co 


due may be of particular interest to the acidic deposition 


jue as it has a large capacity for absorbing acids in the plume. Values obtained by EDAX bulk analysis? over. areas of 20 mm?’ of 
! fa soot/ water slurry decreases with time whereas that membrane filters (three analyses): ‘The accuracy of determination for 
on-carbonaceous PF fly ash/water slurry i increases”. each element is around 23%: 
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Fig. 3 Scanning electron microscope photograph of particulate 

material which shows many glassy spheres generally <5 um 

diameter. The spongy, lattice-like background is carbon residue. 

The large sphere to top left is ~8 um diameter. The cenosphere 

(porous particle near bottom) may be tarry, coal exudate but is a 

typical product of oil-firing (they are relatively infrequent in our 
samples, ~1 in 200). 


the Trent Valley and southern Yorkshire. Other large bouyant 
sources include chemical plant near Teesside and an oil refinery 
(with its own 100-MW oil-fired power station) to the west of 
Edinburgh (although our trajectory analysis favours a route to 
the east of the city). Areal sources in cities may have also been 
sufficiently bouyant to become entrained in the high-level advec- 
tion. No information is available on the nature of emissions 
from the refinery although large quantities of SO,, NO, and 
organics are released from plant in the United States’. The 
refinery particulate discharge is likely to be small** compared 
to the 20 tonnes per day suggested for a modern UK 1,800-MW 
PF power station (generating at full load and assuming an ash 
capture efficiency of 99.3% )”*. It is expected that oil ash would 
contain much higher V and Ni concentrations than our samples 
(166+ 50, 176 + 10 p.p.m. respectively) and more cenospheres*’. 

Whatever the major source(s) of this large pollutant deposit 
it is likely that disparate activities have contributed. The exposed 
faces of the evolved grey snow layer produced a distinctive 
odour which pervaded the mountainside under calm conditions. 
It was difficult to characterize the smell and to identify the 
agents, but some observers have described it as an 
acetone/phenol-type odour. Petrochemical sources may have 
contributed. The heavy particulate deposit was the most remark- 
able feature of this episode. For example, it would require the 
entire emission for more than two hours from ~20,000 MW of 
efficiently-operating PF power stations”. 

Such severe acidic episodes could enhance the spring snow 
pack ‘acid flush’, both through heavy loading and the ‘banding’ 
of acidity in the snowpack (A. R. W. Marsh and A. H. Webb, 
unpublished CEGB report, 1978). It is of interest to note that 
the weather pattern was similar to that which produces acidic 
episodes in Scandinavia**, from widespread sources. There is 
some evidence that the frequency distribution of this type is 
changing on time scales from years to decades (T. D. Davies 
and P. M. Kelly, unpublished work) and there may be implica- 
tions for dry as well as wet deposition in polluted air volumes 
retaining coherence over long distances and becoming available 
for transfer to the ground in mountain areas”. 
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Diploid cells of the yeast Saccharomyces cerevisiae in the G, phase 
of the cell cycle are faced with the alternatives of either continuing 
vegetative cell division or undergoing the developmental processes 
of meiosis and subsequent ascospore formation, or adapting to 2 
starvation conditions if these apply. The course taken is influenced _ 
by the nutritional status of the culture medium’, the presence of 
both MATa and MATa mating-type alleles”, and the need for 
cells to be in the G, phase of the cell cycle’. For those cells that — 
continue cell division, size controls operate in both the budding 
yeast S, cerevisiae** and the fission yeast Schizosaccharomyces 3 
pombe*’. In S. cerevisiae the ‘start’ event initiating the cell cycle 
is controlled in some way related to cell size because cells below y: 
a critical size fail to initiate cell division“. The ability of cells to 
undergo the developmental process of sporulation is related to cell 
age, in that cells gain this ability just before the emergence of the 
first bud’ and the process of sporulation after initiation is altered y 
in small cells'®. Here we report that the initiation of sporulation 
is subject to a size control related to absolute cell volume, which 
is distinct from control by cell age and also independent of the 
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Relationship. between the ability of a yeast population to 
rulate and the percentage of cells of volume >26 um? before 
e shift to sporulation medium. Cells of strain $41 grown aerobi- 

y in continuous culture at dilution rates between 0.02 ho' and 
Oh! were examined microscopically and individual cell 
umes: measured. Cells were collected from 30 mi samples, 
ished and resuspended in sporulation medium (20g17' 
tassium acetate). After 48 h incubation at 30°C with shaking, 
‘sporulation frequency of the samples was measured. Further 
mples were taken after 72 h to check that sporulation was com- 
te. The chemostat medium contained (per !): 10 g galactose, 5 g 
monium sulphate; I.5 g Difco yeast nitrogen base, 1 g Oxoid 
t extract, 0.1 g arginine, 5.5 g potassium dihydrogen phosphate, 
‘ poe hydrogen phosphate and amino acids at 0.1 g, 
pH 7.2. 





ally, it was noted i in strains carrying the whi! or whi2 size 
mutation''!? alone or in combination with the spdl 
yn which derepresses sporulation’, that smaller cells in 
pulation did not sporulate whereas the few larger cells 
t did'*: These preliminary experiments suggested that whi! 
allic diploids were unable to sporulate, but did not 
cate whether this was a direct effect of the whi! mutation, 
ply an effect-of the smaller cell size. This was tested by 
ng cells in a presporulation medium containing 
roxyurea, an inhibitor of DNA synthesis which arrests 
lear division without preventing mass growth, and therefore 
uses cells to become enlarged’’. The results are shown in 
ble 1: whil cells which were normally unable to sporulate 
d form large numbers of asci when made larger by preincu- 
on with hydroxyurea. This indicates that the whi? mutation 
ot: directly preventing sporulation, but was affecting the 
s through its property of reducing cell size. These results, 

hile indicating that there may be some size control over initi- 
1 of sporulation, are subject to other interpretations as 
its were used. 

growing wild-type yeast at slow growth rates in continuous 
e, very small cells can be obtained, and cultures with 
dely varying average cell sizes can be produced by changing 
dilution rate'®. We have studied the dependence of sporula- 
in cell size by growing populations in chemostat cultures 
wide range of dilution rates. Cultures were grown in 
. which ‘sporulation is not initiated but in which 
itochondrial functions that are essential for spore formation 
lerepressed. At each steady state the distribution of cell 
es in the cultures was estimated microscopically and samples 
the culture. were transferred to sporulation medium to assess 
extent to. which that population of cells was competent to 
rulate. From the results, we estimated the average cell size 
hich half the maximum sporulation frequency was obtained 
tis, 40%); this gave an estimate of the critical volume for 
iation of sporulation of 26 wm’. Figure 1 illustrates the linear 
lationship between the extent to which a culture sporulated 
n resuspension in sporulation medium and the proportion of 
cells of volume > 26 um? before the shift to sporulation medium. . 
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Size fraction i 2 3 4 5 6 7 8 9 
Mean size (um*) 16.5 19.2 24.2 25.6 34.3 
Fig. 2 Cells of strain 6061, 


MATa HO HMLa HMRa ade2~40 his4- 239° can! CYH2 ARG4 
MATa HO HMLa HMRa ade2—-119 his#~166 CANI cyh2 arga~I 





were grown in the chemostat medium described in Fig. 1 legend. 
This strain requires histidine for growth but not adenine. On 
meiotic recombination, however, it yields histidine prototrophs 
and on chromosome segregation it yields red adenine auxotrophs. 
Cells were collected from 10 ml of chemostat culture, washed in 
sporulation medium, and resuspended in the least possible volume. 

The suspension was loaded onto a gradient of Urografin (density 
1.04-1.08 g cm -3, made up in 2% potassium acetate) in 16.5-ml 
tubes, and centrifuged for 13 min at 60g. After centrifugation, the 
part of the gradient containing the cells was split into nine fractions 
and the cells from each fraction were collected and resuspended 
in 3ml of sporulation medium. Samples of each fraction were 
diluted appropriately and plated onto minimal medium (1.5 g 17’ 

Difco yeast nitrogen base, 5gi~! (NH4)2SO,, 20g17' glucose, 
20gi7' agar) and YEPD (10g1”' yeast extract, 20g!"' peptone, 
20 g17' glucose, 20 g 17! agar) immediately after resuspension and 
after 48h incubation at 30°C. The figure shows the percentage 
sporulation (@), appearance of histidine prototrophs (A), and 
appearance of adenine red auxotrophs (MM) in each size fraction. 


These data could be interpreted in terms other than the 
existence of a critical cell size control over initiation of sporula- 
tion as: first, they only refer to the production of mature asco- 
spores and therefore cells may be initiating, but not completing 
sporulation; and second, they only deal with average cell sizes 
of populations, and not with individual. cells. The first-of these 
possibilities was excluded by examining the frequency of 
intragenic recombination at the HIS4 locus in populations of. 
sporulating cells of different sizes obtained from a single parent 


culture by density gradient fractionation. The results (Fig. 2) : 
show that small cells were not undergoing meiotic levels of 


intragenic recombination at the HIS4 locus or chromosome 
segregation. Thus, small cells do not proceed as far as the eny 
sporulation event of intragenic recombination. 

The sporulation of individual cells was examined by growing 
cells of strain 60x61, heterozygous at the ADE2 locus, ina ~ 
medium giving a range of cell- sizes, resuspending them. in 
sporulation medium, and after 20 h of incubation, dissecting 
out 250 cells of <30 pm? volume; and 256 cells of >40 pm 
volume. On subsequent incubation, 110 of the latter were found 
to form red or sectored colonies, indicating segregation at the 
ADE2 locus, while none of the former showed segregation. We 


“were able to measure cell sizes after 20 h in sporulation medium ~ 
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s Table 1 Hydroxyurea restores the ability of whi! mutants to sporulate 





Mean cell volume 





(pm?) % Ascus formation 
oo Wild type 78.2 65.4 
“Wild type ND* 62.3 
(HU-treated) 
si whil 22.1 1.6 
Whi 50.4 29.0 


: -(HU-treated) 


MATa HO HMLa HMRa arg4—1 cyh! 
MATa HO HMLa HMRa arg4 -1 cyhl 
MATa HO HMLa HMRa whil met5 
MATa HO HDLa HMRa whil metS 





Cells of strains $41: 





and 65: 





< Were inoculated into YEPAG medium (10g 1 yeast extract, 20g 17! 
| peptone, 20g17' potassium acetate, 1 g1" galactose), and after 2h 
Ancubation, hydroxyurea HU; 50 mM). was added to half the samples 
and incubation was continued. When the absorbance at 600 nm reached 
1.0, the cell size distribution of each culture was measured microscopi- 
cally, and the cells were transferred to sporulation medium. After 48 h 
‘in. sporulation medium, the frequency of asci in each culture was 
i measured, ND, not determined. 
* Large elongate cells of irregular shape. 













as cell size in this strain did not significantly increase during 
sporulation. 
: The sporulation of individual cells was also examined by 
photographing 350 cells before and after sporulation on solid 
medium. No cells smaller than 25 pm? sporulated, and the 
robability of sporulation increased with increasing size above 
a maximum frequency approaching 100% in cells 








over sporulation was distinguished from 
e cell age control ‘by examining the sizes at which cells were 
ble to ‘initiate: budding. Small cell fractions (obtained by 
methods described in Fig. 2 legend) were resuspended in rich 
growth medium and the sizes of budded cells yere measured. 
The minimum size of budded cells was ~17 um?, and about 8% 
‘of budded cells were 526 um? in volume. This indicates that 
some cells of <26 um’ volume were capable of budding, there- 
- fore the inability of cells smaller than 26 ym? to sporulate was 
` not simply due to their being unbudded daughter cells. 
< We have used a variety of different methods which give 
consistent results; yeast cells with a volume less than ~26 pm? 
are unable to sporulate, and this effect is unrelated to size control 
over budding and cell age control over sporulation. These results 
have interesting implications for other developmental systems. 
Size (or critical cell mass) control of cell division seems to 
Operate in higher eukaryotes’ and similar effects may therefore 
` influence the course of higher cell development. 
“This work was supported by grants from the SERC. We thank 
:P. Sudbery, B. L. A. Carter and J. R. Dickinson for helpful 
discussion. 
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New evidence that growth in 3T3 cell 
cultures is a diffusion-limited process | 
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When a confluent culture of 3T3 cells is wounded, new gt 
occurs at the wound margins. This indicates that the ‘Suppressi 
of growth in the intact confluent sheet is under local con 
phenomenon known as ‘topoinhibition’’, and it has been s 
that intercellular contact is responsible. An alternative expl 
for topoinhibition is possible, however, namely that a solub! 
necessary for growth is locally depleted from the medium 
so that each cell in a confluent sheet normally recei 
insufficient supply and its growth is inhibited’~*. Here w 
that the pattern of release from topoinhibition in a wounded 
can be distorted simply by inducing a gentle laminar flo 
medium across the wound. Growth remains suppressed 
upstream margin of the wound despite the reduced level of inter 
lular contact at wound edges. We conclude that the: signal 
topoinhibition is carried by the flow as would be predicted i 
were the local depletion of growth factor. 

Hydrodynamic theory predicts the existence of a thin la 
of non-turbulent medium next to the cells in which diffusi. 
the main mechanism of transport. Any growth factor consu 
by the cells would thus become locally depleted i in this boun: 
layer. This explanation of topoinhibition is reinforced. 
discovery that forced, turbulent stirring of the culture me 
using either a miniature pump’ or vigorous shakin 
cultures* increases the growth rate of 3T3 cells. Stirri: 
the thickness of the boundary layer and could, 
increase the diffusive flux of growth factor to th 
however, this interpretation has been criticized. on th 
that stirring could disrupt intercellular contacts anc 
alternative hypothesis of growth control by contact is 
nated®. No effects of fluid shear stress on intercellular cont 
have been found although shear stress does affect the migratio 
and cytoskeleton? but not the growth’ of endothelial cel 
culture. A further criticism is that increasing the viscosity o 
medium does not have the effect of reducing the saturati 
density of 3T3 cultures that might be expected if growth dep 
ded on diffusive flux®. Thus, we have developed a direct test 
whether the release from topoinhibition at wound margi 
depends on a diffusible factor. 

3T3 cells were grown in Petriperm culture dishes in order 
maintain steady conditions of pH and gaseous exchange. 
fluent monolayers were wounded by scraping away a na 
strip of cells along a diameter of each dish and the medium 
replaced with fresh medium containing *H-thymidine and v. 
ing concentrations of serum. In some cultures, the lids | 
replaced with the apparatus shown in Fig. 1 and the cult 
were all incubated for a further 16h then prepared 


Motor 


Sterilin lid 
Stainless bush 
Glass disk 

Cells on Petriperm 


Fig.1 Diagrammatic section of the apparatus. The motor: (Portes- 
cap Ltd, type M9ISL, ratio 1:2,430), which is powered by a 
constant voltage source, is attached to a Sterilin lid which provides 
a better location on the Petriperm dish than a Petriperm lid. The 
32-mm diameter glass. disk is glued to the stainless steel bush: and 
adjusted along the motor spindle to give a separation of 0. Sn mm 
from the Petriperm. membrane. ie 
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6% serum 
O tom. 


8% serum 
O77 rpm. 


2. Effect of different flow regimes and serum concentrations 

distribution of labelled nuclei at wound edges. Swiss 3T3K 
(obtained from Dr C. O'Neill) were grown in bicarbonate- 
Dulbecco’s modified Eagle’s medium (Flow) containing 
fetal calf serum (Seralab) in a 37°C humidified incubator 


‘used for the experiment, by which time they had been con- 
r 2 days. Precise parallel-sided diametral wounds, 0.9 mm 
; were made with a stainless steel tool guided by a jig. The 
edi m was replaced with 3ml of fresh medium containing 
pCiml”! °H-thymidine (Amersham International; specific 
tivity 112 Cimmol™'). In b, c and d the original Petriperm lids 
ere replaced with Sterilin lids bearing motors and the cultures 
med to the incubator for 16h. The cultures were fixed in 
cold 5%. trichloroacetic acid, rinsed in 95% ethanol and air- 
ied: Autoradiography was performed by attaching stripping film 
the cultures, exposing them for 3 days, then developing and 
ing.: The grain. density over labelled nuclei was so high that 
individual grains could not be distinguished and labelled nuclei 
d be identified using digital image analysis. A Zeiss RA micro- 
quipped with Iluminar objectives and a video camera was 
used to input.a frame showing part of the wound to a digital image 
ysis system: The background was subtracted and windows for 
size, shape and grey level were set to identify labelled nuclei. The 
ile used for plotting nuclear positions is foreshortened along the 
arallel with the wound, as indicated by the two scale bars. 


heres of 2 um diameter. 

| the cultures with unmodified lids, the medium shows the 
-convective stirring that is thought to be commonly present 
disturbed cultures’, Enhanced incorporation of `H- 
aymidine at the wound edges is very marked in 4% or 6% 
m. (Fig. 2a). Most of the edge enhancement is contributed 
cells that have migrated into the original wound area. With 
or 10% serum, the background labelling of cells over the 
le cell sheet becomes so high that the edge effect is not 
scernible. 

n the cultures with modified lids but with the glass disk kept 
tationary. throughout the experiment, convection currents are 
uppressed beneath the disk and the movement of latex spheres 
‘appears to be confined to brownian motion. At 6% serum 
centration (Fig. 2b), the enhanced labelling of cells at the 
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Fig.3 a, Specimen fixed immediately after wounding and stained 

with Giemsa to show the original parallel-sided wound in a con- 

fluent sheet. b, Part of the same specimen as Fig. 2d but stained 

with Giemsa. Arrows show direction of flow; most labelled nuclei 

can be seen on the downstream edge. The extent of migration over 

the 16h experimental period can be seen by comparison with a. 
Scale bar, 100 ym. 


wound edges is not so marked as in the unmodified cultures. 
At higher serum concentrations, background labelling beneath 
the disk is lower than in the unmodified cultures. The extent of 
cell migration into the wound area does not appear to be affected 
by the presence of the disk. 

If the disk is rotated at 0.77 r.p.m. throughout the experiment, 
the latex spheres follow concentric circular streamlines, the flow 
beneath the disk appearing to be entirely tangential with no 
radial or vertical component. Extensive flow studies with 
enclosed rotating disks” confirm that this laminar flow is to be 
expected with our conditions, the velocity varying linearly across 
the gap from zero at the Petriperm membrane to wr at the glass 
disk (where w is the angular velocity and r is the radial distance 
from the axis of rotation). With 6% or 8% serum concentration, 
we see a clear difference in the number of labelled cells at the 
upstream and downstream edges of the wound. At 6% serum 
concentration (Fig. 2c), the edge effect is suppressed at the 
upstream edge and, in most cases, it ceases to be noticeable. 
With 8% serum (Figs 2d, 3b), the upstream edge effect is 
noticeable but is still markedly smaller than the downstream: 


edge effect. This asymmetry in labelling of the two wound edges... 


cannot be accounted for by differences in the extent ‘of cell 


migration into the wound area: the difference in labelling index. 7 
(proportion of labelled cells) between sampled areas from the.” 


upstream and downstream edges within the confines of the 
original wound area is highly significant (8% serum, upstream: 
76/685; downstream: 215/913, y* = 41, d.f.=1, P<0.001). 
The level of serum needed to stimulate new growth beneath 
a stationary or rotating glass disk is higher than in the absence 
of the disk. It is unlikely that the disk affects gaseous exchange 
to the cells since the cells. are grown- on: gas-permeable mem- 
brane. The fact that the glass disk, even when rotating, sup- 


presses the vertical component of flow in the medium, suggests _ 
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that this reduced growth rate is compatible with the explanation 
of increased growth caused by shaking cultures’. The alternative 
ontact hypothesis does not readily explain these effects. 

In the laminar flow experiments, the difference in growth 
etween the two. wound edges shows that the normal growth 
‘response to local cell density can become distorted by flow. This 
difference cannot be attributed to a difference in shear stress as 
“this is the same for both wound edges at any particular distance 
“from the centre of rotation. In any case, the maximum shear 
stress in our system is only 0.012 dyne em“, more than 100 times 
- lower than the stresses reported to affect cells™”. Furthermore, 
the extent of cell spreading, migration and loss of contact is 
milar at the two edges (Fig. 3) and so it is unlikely that the 
difference in growth is a secondary conséquence of flow affecting 
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these properties. The only difference in local conditions betw 
the two wound edges is that at the upstream edge the medi 
flows off the cell sheet, whereas at the downstream edge it flo 
off the cell-free wound area. We conclude that the sig 
determining cell growth is carried by the flow so that the gr 
response at any location is influenced by the cell density è 
ing some way upstream. The most likely candidate for a sig: 
of cell density that can be transferred by flow is the concentt 
of some soluble factor that is released or absorbed by ce 
explanation consistent with the dependence of growth on 
concentration is that the signal is a serum- derived 
promoting factor. 

We thank Patricia Dopping-Hepenstal for growing 3T 
and Richard Adams for computer software. 
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Immunoglobulin-like nature 
-of the a-chain of a human 
- T-cell antigen/MHC receptor 
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Although the receptor with which T cells bind specific antigen can, 
like immunoglobulin, distinguish between antigens which differ 
only slightly in structure, it is unique in recognizing antigen only 
-< in conjunction with one of the self proteins of the major histocom- 
patibility complex (MHC restriction)'“. The receptor was iden- 
tified and characterized in mouse and man by using monoclonal 
antibodies to receptor idiotypes*’, and consists of two disulphide- 
“linked polypeptides, an acidic @-chain and a neutral to slightly 
“basic B-chain’*°, Peptide maps have shown that, like 
immunoglobulin, both chains vary for receptors of different 
specificities”, T-cell-derived cDNA clones have recently been 
entified in mouse and man encoding immunoglobulin-like 
olecules!™™ "5, These were identified as derived from B-chain genes 
through a partial N-terminal protein sequence of the £-chain 
isolated from a human T-cell tumour’. We have now purified the 
~w- and B-chains of the receptor of the human T-cell leukaemia 
line HPB-MLT, and have determined the amino acid sequence of 
‘several tryptic peptides derived from each chain. Our results 
further confirm that the previously reported cDNA clones encode 
B-chains. The sequence of the a-chain peptides identify this as 
another immunoglobulin-like polypeptide chain. Particularly 
-striking was an a-chain peptide with high homology to the conser- 
ved portion of the immunoglobulin J segment and T-cell receptor 
B-chains. Surprisingly, the a-chain peptides show little similarity 
“to the sequence predicted by two overlapping putative murine 
a-chain cDNA clones!” 
Using a monoclonal antibody to the receptor on the HPB- 
MLT. cell.line', we purified several nanomoles of receptor 
ace-labelled with "I. The a- and -chains of the receptor 
“separated. and purified by two-dimensional non- 
ed/reduced= SDS-polyacrylamide gel electrophoresis 










described i in n Fig. L legend. Both chains were cleaved lished data). By analogy with immunoglobulin and other T- 


with trypsin and the resultant peptides were purified by rever 
phase HPLC (Fig. 2). Two B-chain peptides, designated 
Z, were sequenced (Fig. 3). Identical sequences are pre 
by the human cDNA sequence of Yanagi et al.’ further co 
ing this cDNA as encoding a -chain and increasing ou 
fidence that the other chain we had purified on the basi 
covalent linkage to this 8-chain was indeed a bona fide « a- 

Eight a-chain peptides were sequenced (labelled 
2a); except for a few amino acids and in some casest 


















with all known segueta in the Sees protein data. 
using the Unitary Matrix and the Mutation Data M £ 
parison programs. Obviously, because the peptides are so s 
each peptide showed sequence similarities to a different ran 
set of bacterial, viral and eukaryotic proteins, butin n 
was a perfect match found. However, most importantly, 
homologies to immunoglobulins and other T-cell receptor c 
recurred among the peptides. 
The most striking similarity was found for peptide ‘E’, w 
shows clear homology to both T-cell receptor 6-chai 
immunoglobulin J segments (Fig. 4). The strongest homolo 
is 75% (6/8) with the Jg,.. segment from the -chain 
human T-cell tumour Molt-3 (refs 13, 19) and with the mu 
T-cell B-chain Jaz; (ref. 20). Note that these homologies occ 
towards the C-terminal end of the J segments, within the st 
conserved region. This great similarity to -chain J segm 
suggests that peptide E might be a particularly high yield pepti 
derived from some 8-chain contaminating the purified a- 
This possibility is eliminated by the absence of the peptide 
the tryptic digest of HPB-MLT 8-chain (Fig. 2). The identifi 
tion of a J segment in the a-chain not only identi 
immunoglobulin-like nature but also predicts that the a-chi 
is encoded by separate V, J and C genes, and t 
immunoglobulin-like V-J rearrangements must occurin Te 
to produce a functional a-chain gene. Confirmation of t 
prediction must await isolation of this gene. 
Peptides F, G and H also show some similarity ‘te 
immunoglobulins and other T-cell receptor sequences, Although 
these similarities are less striking than that of peptide E, the: 
do strengthen the conclusion that the a-chain is an 
immunoglobulin-like molecule. Peptide G is worth discussin, 
in some detail. This proline-rich peptide contains an acid-cleav 
able bond between aspartic acid and proline (Fig. 3). We hav 
identified a single acid. cleavage site in the HPB-MLT-derived 
a-chain roughly in the middle of the molecule (C.H.H., unpub: 











































1 Purification of the a- and 8- 
chains of the receptor of HPB-MLT. 

sate was. prepared as described 
iously”®' from § x10! HPB- 
MLT cells and combined with lysate 
yrepared from 510° '*I-surface 
beled HPB-MLT cells. The lysate 
was incubated overnight with excess 
pharose 4B beads coupled with the 
anti-receptor monoclonal antibody 
40/25. The bound receptor was 
luted with 0.05M diethylamine, 
(Ti, and immediately neutralized 
vith Tris buffer. A portion of the 
uate corresponding to 5x 10° cell 
equivalents was boiled in Laemmli 
sample buffer’ and run in a single 
ofa 10% SDS-PAGE slab gel 
thout reduction. The lane was 
sliced from the gel, soaked briefly in 
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stor proteins, this would place the peptide towards the 
-terminal end of the constant region. Similar proline-rich 
hes occur in the beginning of the constant region of T-cell 
eceptor B-chains'*'* and in many immunoglobulin light- and 
chain constant regions”'. In immunoglobulins, these 
nthe §-pleated sheets involved in the interaction between 
nd heavy chains”, and it is tempting to propose a similar 
ructure and function in T-cell receptor æ- and 8-chains. 
One of the most surprising results of our study is the relatively 
ight similarity of the a-chain peptides of the HPB-MLT recep- 
or to the reported sequence of a proposed murine a-chain 
icted from the pHDS4/203 cDNA clones isolated from a 


COOMASSIE BLUE STAIN 


ample buffer containing $% 2-mercaptoethanol, laid along the top of a second 10% slab gel and electrophoresed again. The gel was stained 
with Coomassie blue (a) and an autoradiogram of the dried gel prepared (b). The 46,000-molecular weight (46K) a-chain and 38K B-chain 
indicated in each panel, with molecular weight standards positioned along the diagonal containing proteins whose molecular weight did 
change on reduction. For preparation of aœ- and 8-chain from the rest of the eluate, this analytical method was scaled up. One-fifth of 
he 140/25 Sepharose eluate was loaded along the entire top of a 10% slab gel and run without reduction, with cytochrome ¢ added as carrier 
© protect the receptor from oxidation. The gel was sliced into thin horizontal strips and those containing receptor (~ 85K), detected by 
ioactivity, were soaked briefly in sample buffer containing 5% 2-mercaptoethanol, loaded along the top of a second slab gel, and 
ectrophoresed again including 0.1 mM thioglycollate in the cathodic buffer chamber**. This gel was also cut into thin horizontal slices and 
those corresponding to the œ- and §-chains were identified by radioactivity. Finally, all slices containing either a- or B-chain were combined 
and pulverized. The proteins were eluted with water, dialysed extensively, reduced again with dithiothreitol, alkylated with 4-vinylpyridine®®, 
centrated by lyophilization and precipitated with acetonitrile. The overall yield from five purifications was ~2-3 nmol of each chain. 
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Fig. 2 Preparation of tryptic peptides from a- and B-chain. a, 
The elution pattern of the a-chain peptides. The peptides selected 
for sequencing are labelled A-H. b, The elution pattern of the 
B-chain peptides. The peptides selected for sequencing are labelled 
Y and Z. In both panels peptides known to be derived from the 
autodigestion of trypsin are labelled T. 

Methods: Samples containing 1-2 nmol of a-chain and 2-3 nmol 
of 8-chain were resuspended in 0.5 ml of 0.05 M ammonium bicar- 
bonate and treated with 10% (w/w) TPCK-trypsin added as two 
equal aliquots over a 16-h incubation at 37°C. The reaction was 
stopped by lyophilization. The lyophilized pellet was resuspended 
in 100 wl of 0.1% trifluoroacetic acid (TFA) in water (solvent A). 
The insoluble core peptides were removed by centrifugation. at 
2,000g for 20min. The soluble peptides were injected on a 
4.6x250mm Altex Ultrasphere-L.P. 5 C-18 reverse-phase 
column. The column was eluted at | ml min™', with an 80-min 
linear gradient of 0-50% solvent B (0.1% TFA in acetonitrile) in 
solvent A”. The column effluent was monitored at 214 nm and 

0.5-ml fractions collected. 


cytotoxic T-cell clone". Overall, the HPB-MLT peptides are no 
more similar to this sequence than they are to immunoglobulins 
or T-cell receptor 8-chains. Given the extraordinary homology 
between mouse and human £-chains, it seems unlikely that the 
function of the T-cell receptor could tolerate such divergence 
between mouse and human in a-chain sequence. Rather, one 
must consider the possibility that this murine cDNA sequence 
does not encode a receptor a-chain, but some other 
immunoglobulin-like molecule. Although this might seem 
unlikely, several properties of this protein are inconsistent with 
the known properties of murine a-chains, Murine a-chains are. 


acidic proteins, with N-linked. carbohydrate adding as muchas 





LETTERSTONATURE- 


Position 





Peptide 





a chain 
A 
{Ala) Lys 


(Lys? 


B chain 
Y 
Z 


Fig..3 Amino acid segeunce of the a- and B-tryptic peptides. Fractions from the HPLC, containing individual peptides, were pool d 
evaporated to dryness by lyophilization. Sequences were determined onan Applied Porem on sequencer using either the ‘i 


uncertain assignments. Open dace indicate that no assignment could be made at that postion, der a when at the end of a om i 
the open parentheses indicate either a lysine or arginine. 


=} 


experiments will be necessary to resolve these app: 
crepancies. 
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George Tarr of the University of Michigan for his a 
early attempts to sequence these proteins, and Kelly 
Ruth Roberts and Edna Squillante for secretarial h 
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have shown previously’ that transfection of mouse L-cells with 
_ from JM, a human T-cell line expressing certain T-cell 
tiation antigens, yields stable transfectants expressing one 
nother of these antigens. The identities of the antigens were 
rmed by immunoprecipitation and SDS-polyacrylamide gel 
rophoresis. We now report that our procedure—co-transfec- 
with the chicken thymidine kinase gene (tk) and whole cellular 
A, selection with hypoxanthine~aminopterin-thymidine 
AT)’, and staining of the cells with fluorochrome-conjugated 
nal antibodies and fluorescence-activated cell-sorter 
ACS) selection-—-yields transfectants expressing a variety of 
-surface molecules (19 of 21 investigated), most at a frequency 
wt one per 10° Tk* transformants. Of these, 9 of 12 were 
erred and expressed as readily using DNA from cells which 
not express the cell-surface antigens as from tissues or cells 















ita Laney, a ronal cell carcinoma derived from the same 
ual asthe kidney, and LCL-721, a human B-lymphoblas- 


ible Leu-1 or Leu-2, except LCL-721, which expresses 
in none is Leu-2 messenger RNA detectable by Northern 
g using cloned Leu-2 complementary DNA as probe?” 


from JM, which expresses these genes, served as a positive 


aan transformants were selected by FACS for expression of 
u-l or Leu-2. As positive controls, we selected transfectants 
pressing HLA class I antigens or human transferrin receptor, 
ese are constitutively expressed in all of the tissues we 
ed. We recovered Leu-2* transfectants from all of the 





Table 2 Murine lymphoid. antigens detected on transfected L-cells Ta 


using monoclonal antibodies. 





Tissue source of DNA 


Spleen Kidney Muscle © {TK} 
Antigen 
Ly-1 3/3* 2/2 2/2 5/6 
Ly-2 2/3 2/2 2/2 4/6 
BLA-2 2/3 2/2 2/2 3/6 
ThB 3/3 2/2 2/2 ND 
FcR(ref. 26) 2/3 0/2 1/2 ND 
Thy-t 1/3 2/2 1/2 ND 
L3T4a(ref. 27) 1/3 ND 1/2 4/6 
H-24 3/3 2/2 ND ND 


*No. of dishes yielding positive transfectants/total no. of dishes 
analysed. 


human DNA sources, at a frequency of about one per 10°-Tk* 
transformants (Table 1). We also recovered, though. less 
frequently, transfectants expressing either Leu-1 (from both 
antigen-expressing and non-expressing sources) or human trans- 
ferrin receptor. 

In our original work with JM DNA, one of the Leu-2* trans- 
fectants expressed very high, but unstable, levels. of surface 


Leu-2. The gene for Leu-2 was highly amplified in this transfor- a 


mant***, We have now found that 11 of 20 independent Leu-2* 


transfectants exhibit similarly high and heterogeneous levels of 
Leu-2. In 10 of these cases, further rounds of selection for the 
most brightly staining cells have yielded at least a 4-fold increase 
in antigen expression, resulting in cells that are now over 20-fold 
brighter than ‘normal’, stable Leu-2* transfectants. In some 
cases, we have confirmed Leu-2 gene amplification by quantita- 
tive filter hybridization of RNA? and DNA‘ to a cloned Leu-2 
gene probe”*. 

To further our study using multiple organ and tissue sources 
and to determine how many of the antigens for which we had 
available antibodies could be transferred and expressed, we 
extended our work to mouse DNA transfections, We studied 
11 murine cell-surface antigens. Nine are believed to be 
monomeric glycoproteins. One, Lyt-2, occurs primarily as a 
heterodimer’. The two chains may be encoded by one gene or 





Table 1 Human antigens detected on transfected mouse L-cells using monoclonal antibodies 













DNA donor 
LCL-721 
Renal cell (B-lympho- JM (T-cell 
niigen Placenta Kidney carcinoma blastoid) lymphoma) 
JA (W6/32) ND 3/6t 6/6 4/4 2/2 
26. 6/6 1/6 7/8 3/6 
u2)” (4/6) (1/3) (1/1) (3/7) (2/3) 



















mey” 


}-microglobulin?®*!, ND, not determined. 
* Amplified phenotype (no. amplified/no. positive). 


solation of transfectants expressing novel cell-surface antigens: L(Tk”) cells” 
ified Eagle's medium with 10% fetal calf serum. DNA was prepared from various tissues as described previously”. Briefly, the tissues were z 
rized-under liquid nitrogen, dissolved in 1% sarkosyl, 50mM EDTA, 0.2 mg ml™' proteinase K (Merck), followed by treatment with RNase, - s ; 
ction with phenol followed by chloroform, and caesium chloride equilibrium gradient centrifugation. The purified DNA was recovered (and |. ; 
ized) by ethanol precipitation and dissolved in 10mM Tris-HCl, I mM EDTA. Transfections were carried out using a modification of the 9. 
col of Wigler et al**. In most cases the DNA was sheared before precipitation by one passage through a 23- -gauge needle, In all cases, fpg 
Tk-bearing. plasmid (the chicken thymidine kinase gene, cloned into the plasmid pBR322 and propagated in the host Escherichia coli GM48 
was used with 20 pg of genomic (‘carrier’) DNA per dish of 10° cells. Transfectants were selected for expression of Tk genes by. 
wih in HAT”. They were then selected for expression of specific antigens by staining with Auoresceinated monoclonal antibodies and FACS. 
ig, as described elsewhere’. Initial dishes of transfectants were pooled, if necessary, to form dishes of 1,000-1,500 Tk* clones each. These were 
collected, and each dish was divided into aliquots of 10° cells, one aliquot for each reagent to be screened, Staining was done at nominally 
urating concentrations of antibody, in sterile 96-well V-bottom culture trays. In the initial round of sorting, cells falling within arbitrary ‘gates’ 
resenting the positively staining cells were sorted into pots and then regrown for further analysis. In some cases:it proved possible to clone 
ositively staining cells directly from the initial culture. In most cases it was necessary to enrich with one or more rounds: of ‘pot-sorting’ for bright 
ells before it became feasible to clone true positives into individual wells. 
 W6/32 isan anti-HLA framework monoclonal antibody that is specific for HLA heavy chains even when they are in association with mouse 


were grown in 100-mm tissue culture dishes (Lux) in Dulbecco's 


i No. of dishes yielding positive transfectants/ total no. of dishes analysed. 
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Table 3 Expression of mouse genes in transfected L-cells requires mouse DNA 
Antigen Bus 
Human Human NGF Rat NGF Mouse Mouse. 
DNA source Leu-2a receptor receptor 30-E2 L3T4a i 
SoC PC12(rat) ND ND 5/8* 0/8 0/8 
 A875(human) 4/6 1/6 ND 0/6 0/6 
Peripheral blood lymphocytes (human) 6/6 ND ND 0/6 0/6. 















using DNA from a non-expressing source. 





by closely linked genes. In the case of H-2, the host cell? or the 

ulture medium serum’ can supply B,-microglobulin to comple- 

ent the heavy chains encoded by the donor DNA, and permit 

surface expression. 

We used DNA from BALB/c mice,-as they differ at several 

‘serologically detectable loci from the mouse strain (C3H) from 
which L-cells were derived’’. Because all of the antigens tested 
are present on at least 10% of spleen cells''*, we used spleen 


DNA as our positive standard. None of these antigens is known 
to be expressed on any of the other tissues used. The various 
DNA sources differed little in yield of transfectants for 8 of the 
11 antigens tested (Table 2). For the other three antigens (T200, 
-BLA-1 and 30-F1, not tabulated), we recovered only one transfec- 
tant, preventing meaningful comparisons. 

ic. 





ith L-cell DNA as with the other DNAs re 2). 
¿It is conceivable that the murine antigens are produced by 
 Lecell genes that are active in rare variants in normal L-cell 
-< cultures, or which are activated by the transfection process. We 
therefore transfected L-cells with human or rat DNA and looked 
for cells expressing murine antigens. We did not isolate any 
< transfectants. expressing the murine antigens tested, although 
we did obtain transfectants expressing Leu-2 or rat nerve growth 
factor (NGF) receptor at expected frequencies (Table 3). Fur- 
> thermore, in the case of Ly-1, Lyt-2 and H-2 antigens, the 
“ BALB/c DNA-derived transfectants stain with antibodies 
specific for the donor allotype, showing directly that they express 
ansferred, and not endogenous, genes. 
Two antigens for which we obtained transfectants were Lyt-2 
ee Table 2) and 30-Fl (data not shown), In the normal animal, 
“|< each is associated with another cell-surface determinant (Lyt-2 
oo With Lyt-3 (ref. 11) and 30-Fl with BLA-1 (R. Hardy, unpub- 
“> Jished)). None of the Lyt-2* transfectants stain with anti-Lyt-3, 
nor do they contain the Lyt-3 polypeptide when examined by 
immunoprecipitation and SDS-polyacrylamide gel elec- 
trophoresis. However, the one 30-FI* transfectant isolated also 
expresses BLA-1. As co-transfer of two unlinked genes is very 
unlikely’, and in light of their association on normal cells, we 
propose that 30-Fl. and BLA-1 are encoded by one gene or by 
“two very tightly linked genes. 

The BLA-2" transfectants expressed extremely high levels of 
antigen, enabling us to perform an initial characterization of 
the molecule. We immunoprecipitated a 94,000 molecular weight 

| protein consisting of one polypeptide chain. This molecule has 
now been identified on various murine B-cell lines. known from 
staining studies to be BLA-2* (R. Hardy and G. Calicchio, 
unpublished). 
























an be stably transferred in active form using DNA from tissue 
ressing those genes. Further, in the:case of most 





We believe this to be the first demonstration that several genes 


analysed, DNA from non-expressing sources : 


PCI is a rat chromocytoma expressing NGF receptor; A875 is a human melanoma expressing NGF receptor but not Leu-2. Transfectant cult 
"were subjected to at least four rounds of sorting and regrowth before being typed as negative. In previous experiments with 30-E2 and L3T4a, 
more than two rounds of FACS selection had ever been required to obtain cultures that were > 90% enriched for positive cells, when there we 
positives. present in the starting dishes of transfectants. We note that the results with A875 provide another example of efficient transfer of Le 


«No. of dishes yielding positive transfectants/total no. of dishes analysed. 


appears to be as efficient i in transfection as DNA from expres ing 
tissues. 

Other studies'*-'®, using cloned genes, show an inverse s corn 
lation between the activity of genes in gene transfer and the 
degree of cytosine base methylation. The means by. which th 
genes in our study were originally turned off may not depe 
on this type of. modification, or they may be insufficientl 
modified to keep them turned off in L-cells. We have readi 
recovered Leu-2* transfectants using the highly methylated 
DNA from human sperm. However, we have not recovered : any 
Leu-2* transfectants using DNA from certain hum 
choriocarcinoma. cell lines (S. Alberti, C.H. and .L.A.H. 
preparation); these are also the only DNA sources we have usi 
which do not express antigens of the major histocom 
complex. We are now investigating whether there is 
mechanism for turning off genes in these cells. 

Enhancer sequences have been shown to be important in the 
expression of certain cloned genes in transfection systen 
These cis-acting elements increase transcription rate 
accuracy, and seem to act in a highly tissue-specific m 
The stringent tissue-specificity attributed to the expressi 
certain differentially expressed genes (for examp 
immunoglobulins) in gene-transfer systems does not: seem 
hold in L-cells for the genes we have transferred using -total 
cellular DNA. : 
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grants CA-04681, GM-28428 and GM-17367. 
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rae of proto-oncogenes have recently been localized to the 

romosomal segments that are the breakpoints in the specific 

rangements noted in human malignant diseases'. Moreover, 

rearranged forms of several proto-oncogenes have been identified 

alignant cells; in several instances, the proto-oncogene has 

ergone an alteration as a result.of a nonrandom chromosomal 

rangement” *. One proto-oncogene that has yet to be associ- 

ed with human neoplastic disease is c-src, the cellular homologue 

transforming sequence of Rous sarcoma virus (RSV). By 

atic cell hybridization, c-sre has been mapped to chromosome 

, but its precise location was not determined". We have now 

this gene by using in situ hybridization of the cloned 

an ¢-sre probe to human mitotic chromosomes. We report here 

‘the human genome contains two loci with strong homology 

coding regions of this oncogene, at 1p34—p36 and 20q12-q13. 

joteworthy that these chromosomal regions are frequently 

lived in the structural rearrangements observed in haematologi- 
lignant diseases**. 

n situ hybridization? of a *H-labelled c-sre probe containing 

nomic c-src sequences spanning exons 10-12 (plasmid pHu-1- 

ulted in specific labelling of two chromosomal regions, the 

short arm of chromosome | and the long arm of chromo- 

e 20. Figure 1 shows the distribution of labelled sites in 100 
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metaphase cells examined. of these cells, , 40: (40% ) were labelled eu 


on region Ip3, bands p34-p36, of one or both chromosomes |; 
these sites represented 13.5% (68 of 505) of all labelled sites 
(P <0.005). On chromosome 20, 34 metaphase cells (34%) > 
exhibited label on the mid- to terminal segment of 20q. Fifty. 
labelled sites, or 9.9% of all labelled sites, were noted on 
20q12-q13 (P <0.005). The distribution of grains from labelled 
chromosome 1 (n =65) and labelled chromosome 20 (n= 51) 


indicates significant clustering of grains to bands 1p34~p36 and. : 
to bands 20q12-q13 (Fig. 2). A small cluster of grains waso 
observed. at band 9q34 (P <0.005, 1.8% of labelled sites), suge 


gesting that cross-hybridization to c-abl had occurred’. When | 
the stringency of hybridization was increased (hybridized slides 
washed extensively at 42°C rather than 39°C), labelling was 
not observed in this region. However, specific labelling of 1p34- 
p36 (9.6% of labelled sites) and 20q12-q13 (7.9% of labelled 
sites) was maintained under more stringent conditions (60 meta- 
phase cells examined). In situ hybridization with an 800-base 
pair Poull fragment containing v-src-specific sequences derived 
from the Schmidt-Ruppin strain of RSV (plasmid pPvulle)'' 
confirmed the presence of these two loci (data not shown). 
Although the signal was much weaker than that observed with 
the human c-sre probe, a clustering of grains was again observed 
on 1p34-p36 and 20q12-q13. 

RSV is one of the most highly oncogenic of the known’. 


retroviruses. Infection of avian fibroblasts with RSV results in. 
a high degree of malignant transformation; this transforming 


capability of RSV is mediated by the v-sre sequences’. Interest- 
ingly, infection of cultured mouse bone marrow with RSV results 
in increases in stem cell proliferation and in self-renewal, two 
properties associated with myeloproliferative disorders'* 

We have now regionally mapped the proto-oncogene c-sre to 
two sites in the normal human karyotype by using in situ 
hybridization. The fact that the two loci hybridized to both the 
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‘ig. F Sub-localization of the human c-sre gene to two human chromosomes. Distribution of labelled sites in 100 metaphase cells identified 
gnificant clustering of grains on regions p3 and ql of chromosomes | and 20, respectively. Human metaphase: cells prepared. from 
be ssohiaestagslutinin-stiandlated peripheral blood. lymphocytes were hybridized with the *H-labelled pHu-1-c plasmid DNA which contained 
i 1.7-Kilobase c-sre-specific insert, encompassing exons 10, 1! and 12 of the human genomic src sequence, cloned in pUCS8. Radiolabelled 
Obes were prepared by nick translation. of the entire plasmid using all four *H-labelled dNTP. to specific activity 5x 10’~1.* 10" d.p.m. per 
ig. Metaphase cells were hybridized at 10 or 30 ng probe per jl for 16h at 37°C, exposed to autoradiographic emulsion for 8-15 days, and 
G-banded with the Wright’s staining method as described by Harper’. The following modifications of the method. of Harper were used. 
Chromosomal-DNA was denatured by immersion of slides in 70% formamide in 0.6 x SSC.(0.09 M NaCl/G.009 M trisodium citrate) at 70°C, 
pH 7:0. Radiolabelled probe was hybridized in $0% formamide/2 SSCP (0.3 M NaCl/0.03-M trisodium citrate/0.04 M NaPO, pH 5.0)/10% 
dextran sulphate/3 mM Tris-0.3 mM EDTA {pH 7.0). After hybridization, the slides were washed extensively in 50% formamide/i x SSC, 
39°C, pH.7.0, followed by washesin 2 x SSC and by ethanol dehydration. For improved chromosome banding, autoradiographs were destained 
with 95% s ethanol: He (0. 25%, 10 M HCI) = and restajned, either o once or twice. 3 
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:-Fig.2 Distribution of labelled sites on 65 and 51 labelled chromo- 
«somes | and 20, respectively. Of 86 total sites on chromosome 1, 
8 -were located on 1p34-pter. Of 59 labelled sites on 
me 20, 50:(84.7%) were noted on qi2-qter. 





v-sre and ¢-sre probes suggests that the homology lies within 
the coding regions of the genes rather than in the intervening 
©- Sequences that are absent in the v-src probe. With man-mouse 
«somatic cell hybrids, sequences homologous to v-src had pre- 
© <viously been mapped to chromosome 20° and, recently, to its 
_ long arm (A. Y. Sakaguchi, personal communication). Southern 
* blot analysis of less strongly hybridizing bands that did not 





segregate with chromosome 20°, suggested that additional loci 


. May exist. Moreover, two related DNA clones corresponding 
to two separate src genes have been isolated from a human 
~- genomic library (R. Parker, G. Mardin, R. Lebo, H. Varmus 
i and J, M. Bishop, in preparation), and were assigned to chromo- 
“somes | and 20 by hybridization of specific probes to dot blots 
of human chromosomes isolated by fluorescence activated sort- 
ing. Whether both of these genes are transcribed is not known; 
“however, human cells contain two related, but distinct, protein 
-forms of pp60°°" (ref. 14). 
~~ Translocations involving bands p34-p36 of chromosome. | 
“have been noted frequently in haematological neoplasia and in 
solid tumours’*. We have observed rearrangements involving 
these bands in. 5% of patients with acute non-lymphocytic 
leukaemia or a myelodysplastic syndrome, and in 10% of 
| patients with non-Hodgkin’s lymphoma (E. Brown, J.D.R. and 
~ M. M. Le B., unpublished results). Nonrandom deletions of 1p 
with a breakpoint between 1p13 and 1p36 have been identified 
in neuroblastomas’? and in malignant melanomas'*. Abnor- 
malities of chromosome 20 have been observed in a number of 
patients with haematological malignant diseases. Although loss 
“one chromosome 20 and translocations involving 20q have 
een reported, a more common abnormality is a deletion of the 
lo g arm of the chromosome. Such a deletion has been noted 
ati nts with acute non- lymphocytic leukaemia or myelody- 
ndrome, as well as. in those with polycythaemia 
'’ This abnormality has been described as a terminal 
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_acid at codon 12. Analysis of rat fibroblasts transfected with the 


ag band qll (ref. 18). However, at the light: sitered genes demonstrates that al amino >, acids except gl 










microscopy level, we cannot exclude the possibility tha 
deletion is actually an interstitial one with breakpoints at 






with rearrangements of chromosome 1. In view of our fing 
that src-specific sequences are localized to two human chr 
somes that are frequently involved in rearrangements, a role 

c-sre in the pathogenesis. of human neoplastic diseases s 
be considered. In this regard ¢e-sre-related sequences hav 
found to be expressed in malignant cells of two. patier 
haematopoietic neoplasms'”. 
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Vertebrate genomes contain proto-oncogenes whose enhanced 
expression or alteration by mutation seems to be involved in 
development of naturally occurring. tumours'*. These. activ 
genes, usually assayed by their ability to induce the malign 
transformation of NIH 3T3 cells, are frequently related to th 
oncogene™™ of Harvey (Ha-ras)'' or Kirsten (Ki-ras)”? murine 
Sarcoma viruses, or a third member of this family (N-rasy! 
Activation involves point mutation which often affect codo 
(refs 16-26) of the encoded 21,000-molecular weight. polypeptid 
(p21). To provide insight into structural requirements involved 

p21 activation, we have now constructed 20 mutant c-Ha- 
genes by in vitro. mutagenesis, each encoding a different amin 












































































































onl activate pi ‘suggesting a requirement for an a-helical 
in this region of the polypeptide. The morphological 
of cells transformed by the activated genes can, however, 
lepead on: the particular amino acid at this position. 
e human c-Ha-rasi gene is contained on a genomic 4.7- 
lobase. (kb) BamHI-Sphl DNA fragment” and its coding 
gion is.distributed across four exons'’. To generate codon 12 
utants, a DNA fragment encompassing exon | was cloned 
to bacteriophage M13 vector mp10 (ref. 27) and exhaustive 
utagenesis at codon 12 was performed using techniques similar 
ose described by Zoller and Smith”. The oligodeoxynucleo- 
s for.introducing the desired mutations were synthesized”? 
hree pools, each pool containing oligomers designed to alter 
‘sequence of codon 12 by one, two or three nucleotides, 
spectively (Fig. 1). The few mutants not identified in this 
anner were obtained by repeating the mutagenesis and screen- 
ing with individually synthesized oligomers. 
All mutations so generated were inserted by in vitro recombi- 
ion back into the c-Ha-ras! gene (Fig. 2). This strategy was 
d to minimize the possibility of obtaining transformed cell 
es due to the significant overexpression of otherwise non- 
ansforming genes | which can occur when strong, heterologous 
moters are used”, To assess the transformation potential of 
¢-Ha-ras! plasmids, each was individually transfected 
o contact-inhibited Rat-1 cells’! by calcium phosphate-medi- 
| DNA transfection in the resence of the Tn5-encoded 
phosphotransferase (neo) gene 2,33. cells incorporating the 
genous DNA were selected in the presence of the antibiotic 
18. (refs 32, 33). Cotransfected markers usually become incor- 
together into recipient cells***° such that individual 
resistant colonies could be examined for the expression 
ne Ha-ras genes independently of the morphological 
otype of the cells. In this manner we could directly confirm 
Iş co-transfected with non-transforming c-Ha-ras1 genes 
‘expressed the encoded polypeptide. 
ẹn -co-transfected with most of the mutant ras genes, 
% of the G418-resistant colonies contained cells which 





“Fable 1 Transformation properties of ras mutants 





Activated Focus Agar 
genes formation growth 
c-Ha-ras! (refs 16-19), ~ - 
c-Ki-ras2 (ref. 41), N-ras (ref. 15) 

i +++ + 
T24/EJ Ha-rasi (refs 16-19), +++ + 
SW480 Ki-ras2 (ref. 21) 

+++ + 

v-Ki-ras (ref. 12) ++ + 

+++ + 

++ + 

AE LEA ++ + 

co CaLu Ki-res2 (refs 20, 21) ++ + 
PR371 Ki-ras2 (ref. 23) 

++ + 

++ + 

++ + 

* WsBALB-ras (ref. 17) + + 

“ov-Ha-ras. (ref. 11), v-Ra-ras +++ + 

(ref. 26), 

-A1698, A2182 Ki-ras2 (ref. 24) 

++ + 
134-51 Ha-rasl (ref, 22) ++ + 
NMU-Ha-ras (ref. 25) ++ + 
++ + 
+ + 





us formation was. determined by the ability-of ras-cotransfected 
cells.to form foci (see Fig. 3 legend). Agar growth was assessed 

r g individual ras-cotransfected subclones, or cotransfected mass 
ires, into soft agar” at two densites (4x 10° and 2 x10* per 60 mm 
sh) and scoring colonies of >30 cells after 2-3 weeks. 
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er ee ee a lo N 12 13 415 16017 18. 

Met Thr Glu Tyr Lys Leu Val Val Val Gly Ala Gly Gly Val Gly Lys Ser Ala 

ATG ACG GAA TAT AAG CTG GTG GTG GTG GGC GCC BGE GGT 6T6-G6C RAG AGT. GCG 
3° C CAC CAC CCG CGG NNN CCA CAC CCG TTC 5° 


Pool 1 Pool 2 Poot 3 
5' GGC ala 5* GGG pro 5' CIT lys 
GTC asp STG his CAT met 
GCA cys GTA tyr CAA Yeu 
GCG arg GAA phe TG gin 
GCT ser GTT asn SCCA trp 

GAT ile 

GGT thr 

THE glu 


Fig. 1 Mutagenesis of c-Ha-ras} codon 12. The first 18 codons 
of the proto-oncogene are shown, as carried on the recombinant 
M13 phage mp10/ras-Gly 12. For mutagenesis, three oligomer 
pools of the sequence 5'-CTTGCCCACACCNNNGGCGCCCA- 
CCACC-3' were synthesized by a phosphotriester approach”. The 
actual nucleotides occupying the NNN positions of the three pools 
are shown; these were designed to alter the codon 12 sequence by 
one, two or three nucleotides, respectively. To reduce the com- 
plexity of pool.2, the oligomer changing glycine to tryptophan was 
included in pool 3 (see asterisk). 

Methods: Oligomers (in pools or individually) were phosphoryl- 
ated using rATP and polynucleotide kinase, and annealed to single- 
stranded mp10/ras-Gly DNA. Annealings (10 yl; 10 mM Tris-HCl 
pH7.5, 7mM MgCh, 0.1mM EDTA, 50mM NaCl) containing - 
0.1 pmol of template DNA and 0.1 pmol of phosphorylated 
oligomer were incubated for 5 min at 55 °C. In vitro DNA synthesis 
was initiated by adding 40 yl of 50mM Tris-HCl pH 7.5, 7mM 
MgCl, 0.1 mM EDTA, | mM ATP, 100 uM each of dATP, dGTP, 
dTTP and dCTP, 5 U E. coli DNA polymerase I, large fragment 
(Boehringer Mannheim) and 400 U T4 DNA ligase (New England 
Biolabs). After incubation for 3 h at 37 °C, reaction mixtures were 
extracted with phenol, DNA was precipitated with EtOH, and 
2-4% of the DNA was used to transform E. coli strain JM103 
made competent for DNA uptake. Transformation mixtures 
(300 pl) were spread onto bacterial plates (150mm), yielding 
several hundred phage plaques. To screen for mutants, these plates 
were probed by in situ hybridization on duplicate nitrocellulose 
filter-lifts*®. One set of filters was probed with the oligonucleotide 
5'-CTTGCCCACACCGCCGGCGCCCAC-3’, fully complemen- 
tary to the original sequence (coding for glycine) and other with 
a mutant-specific oligonucleotide or oligomer pool. Oligonucieo- 
tides were phosphorylated to a specific activity of ~ 10’ d.p.m. per 
pmol with [ y- P]ATP (ICN, crude >4,000 Ci mmol™') and poly- 
nucleotide kinase (NEN). Hybridization was overnight using 
10’ c.p.m. per filter. To screen for the original sequence, annealings 
were in 5xXSSC, 45% formamide, 50°C and excess radioactivity 
was washed off in 2 SSC, 0.1% SDS at room temperature, fol- 
lowed by 15 min at 50°C. Conditions for detecting mutants were 
as follows. For mutants derived from pool 1, a set of 13-mers. was 
used as a probe (5’-NNNGGCGCCCACC.Y, with NNN represen- 
ted by GGC, GTC, GCG and GCT). This oligomer mixture was 
hybridized at 20°C in 5 SSC, 30% formamide, and filters were 
washed in 2xSSC, 0.1% SDS at the same temperature. To probe 
for mutants derived from pools 2 and 3, oligomer mixtures from 
these pools were hybridized in 5 xSSC, 40% formamide at 60°C 
and filters were washed in 2xSSC, 0.1% SDS at 20°C followed 
by a 30-min incubation at 30°C. All filters were blotted dry after 
the last wash and exposed to X-ray film for several hours at ~70°C 
using an intensifying screen. For those mutants not obtained by 
using pools 1, 2 and 3 (see underlined codons), the following . 
oligomers were synthesized individually and served as mutagenesis : 
primers as well as mutant-specific probes: 


5'-CTTGCCCACACCAGCGGCGCCCACC-3' (Ala) 


GGG (Pro) 
GTG (His) 
GGT (Thr) 
CTG (Gin) 


To probe for mutants, hybridization was in 5.xSSC at 20°C and 

filters were washed in.§ x SSC at 20°C, incubated in 3 M trimethyl- 

ammonium chloride at 55 °C.(W. Wood, unpublished) and briefly 

rinsed in 2XSS8C at 20°C. Phage identified by hybridization as 

carrying an altered 12th codon were grown in small cultures (2 ml), 

and DNA was. isolated and- characterized by dideoxy 
sequencing” 6-48. 
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Fig. 2. Construction of c-Ha-ras| genes substituted at codon 12. 
Plasmid pPBLASph, a derivative of pPBL116-4 (ref. 19) lacking 
the 1.7-kb SphI-BamHI region (containing repeated elements)! 

of the 6.5-kb BamHI fragment, was cleaved with endonucleases 
Xhol and Xbal. The larger fragment (6.7 kb) containing sequences 
of the bacterial plasmid pBR322 and ras exons 2, 3 and 4, together 
with the presumed transcriptional terminator of the c-Ha-rasl 
gene, was isolated from a 6% polyacrylamide gel. The 1,086-bp 
Xhol- BstEII fragment containing the prelude region of c-Ha-ras 1 
(ref. 19) was similarly isolated. DNA carrying the first exon of 
c-Ha-ras| mutated in codon 12 was obtained by gel isolation of 
a 600-bp BstEII-Xbal fragment cleaved from in vitro synthesized 
DNA after priming with the 17-mer LAC primer® on the mp10/ ras 
mutant phage DNAs. The BstEII-Xbal fragment with the valine 
codon was isolated from plasmid pT24-10 (ref. 19). A three- 
component ligation with these DNA fragments yielded the mutant 
variants of plasmid pPBLASph used for transfections. To ensure 
that each mutant plasmid carried the correction codon substitution, 
plasmids were screened for the absence of a Nael restriction site 
spanning codon 12 (refs 16, 17), and a 400-bp PstI fragment 
containing exon | was isolated from each plasmid DNA and 

analysed by DNA sequencing. 


were not contact-inhibited, unlike control cells which received 
only the neo-resistance plasmid (see Table 1). The morphologi- 
cal phenotype induced by these activated ras genes was repro- 
ducibly dependent upon the particular mutation involved. Muta- 
tions which gave rise to gene products with the most potent 
transforming ability (measured by colony morphology) were 
those encoding valine, leucine, isoleucine, arginine and 
threonine at position 12. Cells expressing such gene products 
typically displayed a fully transformed morphology: the cells 
were consistently round and refractile, and they grew to the 
highest saturation densities. An intermediate class of mutants 
(serine, methionine, cysteine, tyrosine, phenylalanine, tryp- 
tophan, histidine, aspartate, glutamate, alanine and asparagine 
at position 12) generated transformants that overgrew the 
monolayer, although the cells displayed a less striking change 
in morphology. Mutants with the most subtle transforming 
activity (lysine and glutamine at position 12) induced foci only 
after extended times (typically 2-3 weeks). Such cells exhibited 
a nearly normal morphology. We failed to observe any focus 
formation in cells co-transfected with ras genes encoding either 
glycine or proline at position 12 throughout five separate experi- 
ments, each performed in duplicate. Figure 3 shows representa- 
tive morphologies of G418-resistant Rat-1 cells co-transfected 
with these four classes of mutants. 

To provide an additional measure of the transformed 
phenotype, we determined whether cultures co-transfected with 
each mutant ras vector could grow in an anchorage-independent 





Fig. 3 Phase-contrast photomicrographs of Rat-! cells (x40). 
Cells were transfected by c-Ha-ras! genes encoding substitutions 
at codon 12 of: a, valine; b, isoleucine; c, tyrosine; d, lysine; e, 
proline; f, untransfected Rat-1 cells. 

Methods: Transfections were performed by a modification of the 
calcium phosphate precipitation method” on 1.0 x 10° Rat-1 cells 
using 5 pg of each of the c-Ha-ras1-containing plasmids and 500 ng 
of pSVENeoBal6, a plasmid containing the neomycin-resist- 
ance??? gene isolated from Tn5 (ref. 33) under transcriptional 
control of the simian virus 40 early promoter (a 348-bp Poull- 
HindIII fragment*®). After 48h, the transfected cells were split _ 
1:3 into selective medium containing Dulbecco's modified Eagle's 
medium with 10% fetal bovine serum (Hyclone) and 400 pg mI~' 
G418. After 14 days, resistant colonies were cloned using cloning 
cylinders, or alternatively on occasion passed en masse. Monolayers 
derived from individual clones or mass cultures were scored for 
morphology and photographs taken 8-16 days after the cells 
reached confluency. Foci which overgrew the monolayers were 
scored for their morphological phenotype (indicated by + to +++ 

on Table 1) as described in the text. 


fashion. We found that all G418-resistant cell lines capable of 
forming foci on monolayers grew in soft agar (Table 1) with 
plating efficiencies of 0.2-6.0% (data not shown). Colonies — 
co-transfected with Gly 12 and Pro 12 versions of c-Ha-ras1 
genes were unable to grow in agar, even when mass cultures 
derived from many (10-30) G418-resistant colonies were plated. — 
Despite the additional selection for anchorage-independent 
growth following G418 selection, cells which were originally 
flat (those expressng Lys 12 or Gin 12 versions of p21) did not — 
display any obvious morphological changes when replated fol- 
lowing passage through agar (data not shown). 
These results indicate that the presence of either a glycine or 
proline residue at position 12 of p21 results in a polypeptide — 
incapable of inducing the morphological transformation of | 
Rat-1 cells, at least when expressed under the transcriptional 
control of its own promoter. To verify that these vectors indeed 
directed the synthesis of p21, as well as to determine the relative 
levels of expression of p21, cloned cells from cultures co-trans- 
fected with representative mutant ras genes were examined for 
the expression of the c-Ha-rasl p21 gene product. Cellular 
proteins were labelled with **S-methionine and extracts were 
immunoprecipitated with rabbit immune sera raised against the 
c-Ha-ras| gene product expressed in Escherichia coli™®. The 
immunoprecipitates were resolved by SDS-polyacrylamide gel 
electrophoresis and visualized by fluorography. Figure 4a illus- 
trates that anti-p21 antiserum detects the c-Ha-ras | gene product 
in G418-resistant colonies co-selected with active transforming 






















Fige 4 Expression of p2! in transfected cell lines. A, S- 
methionine-labelled cell lines were immunoprecipitated with rabbit 
_anti-p21 serum (lanes b-i) or with preimmune serum (lane a). 
‘ells were transfected by c-Ha-rast genes substituted at position 
by: lanes a, b, valine; lane c isoleucine; lane d, threonine; lane 
, tyrosine: lane f, phenylalanine; lane g, arginine; lane h, lysine; 
1¢ i, untransfected Rat-{ cells. B, lysates were immunoprecipi- 
tated by anti-p21 rabbit serum (lanes b, d, f) or with preimmune 
rabbit serum (lanes a, c, e). Lanes a, b, untransfected Rat-1 cells; 
¢s.c, d, cells were transfected by pPBLASph (glycine); lanes e, 
‘cells were transfected by the Pro 12 mutant. 

ethods: Cultures were labelled with 150 Ci *°S-methionine 
Amersham) per ml methionine-free media for 3 h. Cells were lysed 
in buffer containing 10 mM Tris-HCI ( pH 8.0), 50 mM NaCl, 0.5% 
dium deoxycholate, 0.5% Nonidet P-40, 0.1% SDS, and 0.5% 
rotinin (Sigma). Lysates were preincubated with formaldehyde- 
ed. Staphylococcus aureus (Pansorbin, Calbiochem) for 30 min, 
ind the bacteria were removed by centrifugation. The supernatants 
e immunoprecipitated with the anti-p21 polyclonal rabbit 
erum?° or preimmune serum for | h at 4°C. Immune complexes 
were precipitated by S, aureus and the bacteria were washed three 
imes. with the lysis buffer. Immunoprecipitated proteins were 
nalysed by electrophoresis on 15% or 12.5% SDS-polyacrylamide 
pels” 52 and visualized by fluorography after treatment with Enhance 
(NEN) 


enes: Notably, each ras polypeptide exhibits a slightly different 
ctrophoretic mobility, extending previous descriptions of p21 
olypeptides which display altered electrophoretic mobilities as 
consequence of single amino acid substitutions”. Human 
1a-ras1 p21 was also detected in cell lines co- transfected with 
ose c-Ha-ras1 genes unable to effect the morphological trans- 
ation of Rat-1 cells (Gly 12 and Pro 12) (Fig. 4b). In these 
cases, the p21(Gly 12) and p21(Pro 12) exhibit indistinguishable 
ctrophoretic mobilities, as found for these polypeptides 
ectly expressed in E. coli (W.W.C., unpublished results). 
ese results verify that the failure of these two genes to trans- 
rm Rat-1 cells was not due to unanticipated mutations prevent- 
the expression of p21. 

The observation that p21 ras can induce a panoply of morpho- 
logical phenotypes in Rat-1 cells depending on the amino acid 
t position 12 is unexpected. Interestingly, certain replacements 
vhich engender p21 with a more restricted transformation poten- 
invitro (for example, Lys 12 and Ser 12) appear in retroviral 
es of transduced ras genes (v-bas (ref. 17) and v-Ki-ras 
ref. 12) respectively), We suspect this underscores the contribu- 
on of quantitative effects as well as qualitative changes in p21 
on transformation potential. Consistent with this, we have found 
that sequences extending 1.7 kb 3’ of the SphI site in the c-Ha- 
-ras| gene (containing the reiterated copies of a 28 base pair 
bp) element'”) facilitate the expression of p21; when the 
xpression of p21 (Lys 12) is augmented about fivefold in this 
anner, a more fully transformed phenotype is induced 
(W.W.C,, unpublished results). These findings, together with 
the observation that extreme overexpression of even normal ras 
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cells”, imply that a 1 threshold level ofe expression exists for each 
position 12 ras mutant, above which any may transform such 
cells, although this remains to be established for p21(Pro 12). 
Computer analysis of the secondary structure of p21 led to 
the suggestion that the amino-terminal domain of the polypep- 
tide consists of two helical segments separated by a coil region 
surrounding amino acid 12 (ref. 22). It was predicted that, as 
substitution of any other amino acid for glycine at „position 12 
would probably extend the flanking helical regions”, any muta- 
tion affecting the coding properties of codon 12 would activate 
the oncogenic potential of p21 (refs 22, 40). We have tested this 
prediction and confirmed that while most amino acid substitu- 
tions can activate the polypeptide, those least compatible with 
an a-helical structure (glycine and proline*') encode polypep- 
tides incapable of morphologically transforming Rat-1 cells, at 
least when expressed under the control of the normal ras pro- 
moter. We note, however, that beyond the marked tendency of 
glycine and proline residues to break a-helical regions within 
proteins, residues with the highest reported helical potential‘! 
do not correlate in any obvious way with those at position 12 
of p21 which induce the most pronounced changes in cellular 
morphology. Note that even some amino acids with strong 
transforming potential (isoleucine, threonine, leucine) have yet 
to be identified as activating lesions in tumours. Although it is 
possible that this reflects an inability of some of the ‘activated’ 
genes to participate in the oncogenic pathway by which ras.. 
genes exert their in vivo influence, it is most easily explained 









































by the fact that such changes require the substitution of at least. i 


two of the three nucleotides which comprise codon 12, whereas 
all activated genes characterized to date vary from the cellular 
proto-oncogene by a single nucleotide. If indeed all but two 
amino acids at position 12 can activate p21 by in vivo criteria, 
it is possible that those with a potentially limited in vitro trans- 
forming capability escape easy detection when assayed by usual 
transfection methods; if this is so, the frequency of activated 
ras genes detected to date in tumours may in fact be an under- 
estimate. 

The functional alterations directly responsible for the . 
oncogenic activation of human ras proteins are unclear. 
Attempts to discern differences between normal and activated © 
ras poly peptides with regard to specificity or extent of nucleotide 
binding”® , acylation, or subcellular localization™ have been 
unsuccessful. "The observation that p21 possesses an inherent 
GTPase activity which i is selectively impaired by an activating 
Val 12 mutation®® raises the possibility that an inability to 
hydrolyse GTP may constitutively activate the polypeptide. The 
availability of ras mutants such as those described here and 
elsewhere’? which encode polypeptides of varying transforma- 
tion potentials should facilitate further efforts to define the 
biochemical changes critical for oncogenic activation of p21. 

We thank Dr Charles Benton for the preparation of anti-p21 
antisera and Joel Hayflick for assistance with the mutagenesis. 
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- The rate of production of bacterial gene products is known to vary 
o with the rate of cell growth, the concentrations of many cellular 
proteins are altered during times of decreased growth rate’. In 
addition, proteins whose in vivo levels show no significant alter- 
<< ations with changes in cell doubling time must be synthesized at 
: rates that vary in direct proportion to the growth rate of the ceil. 
In certain instances, growth-rate dependent gene regulation has 
been shown to occur at the transcriptional or translational level’, 
‘Another potentially important element in the regulation of gene 
expression is the stability of messenger RNA. We report here the 
ffect of bacterial growth rate on the half lives of four different 
onocistronic Escherichia coli mRNA species. The stabilities of 
‘two of these species, the transcripts of the ompA and cat genes**, 
- exhibit a marked dependence on cell growth rate, whereas the half 
‘lives of the transcripts of the ipp and bla genes’* are constant 
-Cover a broad range of cell doubling times. Our results indicate 
that E. coli can alter the rate of synthesis of certain proteins by 
modulating mRNA stability in response to changes in the rate of 
‘cell growth. : 
“The ompA gene of E. coli, which encodes a highly abundant 
‘outer membrane protein, specifies an mRNA transcript that has 
an unusually long half life**°. Previously, it has been shown 
` ‘that the amount of OmpA protein in the outer membrane remains 
- constant throughout a wide range of bacterial doubling times®. 
Such invariability requires a mechanism for adjusting the rate 
biosynthesis of this protein in direct proportion to the rate 
“cell growth. To determine whether this bioregulatory mechan- 


involves changes in the stability of the ompA transcript, we 
uudied the decay of ompA mRNA in bacteria growing in condi- 
that yield a range of doubling times. 

C600 was cultured at 30°C in one of three 
edia: L-broth, MOPS/ glucose or MOPS/ace- 

































Table 1 Half lives of individual E. coli transcripts at different gro 
fates SS 





Transcript half lives in bacteria grown in 
various media 


mRNA : 
segment MOPS/ MOPS- 
length L-broth glucose acetate: 
(nucleotides) (40 min) (100 min) (200 min) 
bla 587 3.3404 3.24 1.0 ZAŁO 
267 3.140.1 3.2+0.5 TO. 
80 2820.9 2.5+0.5 5&0. 
cat 2.3406 — Ae 
ipp 20+1 = B+ 
ompA 598 1343 6840.8 44+ 
340 1542 $.0£0.3 4 £0 
200 2542 10.642.7 3.420. 
85 2b+4 5.9+0.4 3.8 


‘acannon A EAE OEE EETA 
Half lives are reported in minutes. Messenger RNA segment bo 
daries for the ompA and bla transcripts are as previously defined”. ” 
cleavage of a single phosphodiester linkage within a segment. 
transcript is scored as the degradation of that segment. All experimen 
were performed with E. coli strain C600 growing exponentially at 30 
Methods: Decay data for the ompA and cat transcripts were obtain 
as described in Figs 1 and 2. For the analysis of ompA mRNA de 
in cells multiplying with a doubling time of 100 min, RNA was extra 
from E. coli growing in MOPS/glucose’ 0, 4, 8 and 16 min after. rif 
picin addition. The decay of the [pp transcript in bacteria growing 
L-broth and MOPS/acetate was examined by RNA blotting’. The RI 

samples were collected 0, 20, 40 and 60 min after rifampicin addi 
fractionated by gel electrophoresis, blotted onto diazophenylthioe 
paper'®, and probed with nick-translated plasmid pKENI13, w 
contains a copy of the E. coli Ipp gene'’. Segmental analys 
degradation of bla mRNA in E. coli growing in L-broth, MOPS, 
and MOPS/acetate was performed as previously described”. 

were determined by densitomettic analysis of autoradiogram: 
decay were calculated by least-squares determination of the 

plot of ~In (band intensity) against time. Errors were estimate: 
the standard deviation. of the slope. For the bla transcripts, t 
lives of only three of the seven characteristic segments’ are repo 





tate’; in these media, the cells doubled every 40, 100 or 200 
respectively. The decay of ompA mRNA, and of its compone 
segments, after the blockage of transcription by rifampicin 
analysed by S, nuclease protection as described previous! 
Figure 1 and Table 1 show that the half life of the oi 
transcript, as judged from the stability of its least stable segme 
fell from about 15 min in cells cultivated in L-broth (doubli 
time, 40 min) to about 4 min in cells cultivated in MOPS/acetat 
(doubling time, 200 min). Nutritional conditions that led_ a 
intermediate growth rate (MOPS/glucose; doubling 
{00 min) resulted in an intermediate stability for the om 
transcript. The retardation of decay reported previously fo: 
segments of the ompA transcript nearest the 5’ end” was no 
observed at the slow growth rate. In MOPS/acetate, all segment 
of the transcript showed approximately the same rate of d 
(Table 1). This degradation pattern exhibited by the om 
transcript in bacteria grown under conditions that lead to. 
extended doubling time presumably results from a failure of th 
cells to accumulate decay intermediates, as observed préviousl 
for bla mRNA. We have proposed that such a decay pattern. 
reflects rate-limiting initial cleavage of the full-length transcript 
These measurements of mRNA half life rely on the fact tha 
almost all (> 95%) of the total RNA in E. coli is represented 
by stable RNA species: that is, ribosomal RNA and transfe: 
RNA!'. Because these abundant and stable RNA molecules d 
not decay to any significant extent during the time course of ai 
experiment for determining mRNA half life'’, they provide 
convenient and reliable reference for measuring the rate of 
degradation of labile transcripts such as mRNA. > o3 

















































L~broth MOPS/ acetate 


Figi Decay of ompA mRNA in E. coli cells growing with a 
doubling time of 40 min (left) or 200 min (right). Total cellular 
RNA from E. coli strain C600 growing exponentially at 30°C in 
broth (doubling time, 40 min) was isolated 0, 20, 40, 60 and 80 
after rifampicin treatment’, Similarly, RNA from bacteria 
‘owing at 30°C in MOPS/acetate' (doubling time, 200 min) was 
isolated 0, 2, 4, 6, 10 and 20 min after rifampicin addition. Seg- 

ental analysis of ompA mRNA decay was performed as pre- 
viously described °. The bands correspond to the component seg- 
ments of the ompA transcript; the order of the segments (5' to 3’) 
is 200, 85, 598 and 340 nucleotides’. 


In the absence of any compensatory effect on the initiation 
ranscription, a reduction in the stability of a transcript should 
in å corresponding decrease in its intracellular concentra- 
Consistent with this prediction is our observation that the 
action of total cellular RNA represented by the ompA message 
alls bya factor of five in cells grown in MOPS/acetate as 
pposed to L-broth. We also find that the concentration of total 
lular RNA, which consists primarily of the stable species 
NA. and tRNA, drops by a factor of 1.8 when the bacterial 
ubling time increases from 40 min (cells grown in L-broth) 
200 min (cells grown in MOPS/ acetate), in agreement with 
revious studies''. Thus, we calculate that the steady-state con- 
ntration of ompA mRNA is reduced roughly by a factor of 
in bacterial cells growing in MOPS/acetate. 
yecause the concentration of OmpA protein in cells cultured 
different growth conditions is constant'®, the rate of 
thesis of the OmpA protein must decrease by about a factor 
five-as the cell doubling time is increased from 40 to 200 min. 
The decreased rate of synthesis of OmpA protein that accom- 
es the prolonged cell doubling time in MOPS/acetate can 
accounted for entirely by the observed change in ompA 
‘A concentration; moreover, most of the reduction in the 
oncentration of the ompA transcript can be attributed to its 
ecreased stability. 
determine whether the observed shortening of the ompA 
\ half life in cells growing in MOPS/acetate medium is 
esult of slowed growth rate per se, or whether the effect is 
ise related to the media used, bacteria were grown in 
roth until their doubling time began to decrease on entry 
the stationary phase. At a stage of growth corresponding 
doubling time of ~200 min, the cells were treated with 
picin, and RNA was extracted at time intervals thereafter. 
t. these growth conditions, the half life of the ompA tran- 
cript was about 4 min, the same half life observed for ompA 
nsripts from cells having a 200-min doubling time resulting 
‘om. growth in MOPS/acetate medium. 
“Like ompA mRNA, the Ipp transcript encodes an abundant 
outer membrane protein (lipoprotein) and has the potential to 
form extensive secondary structure’. However, growth-rate 


MOPS/ acetate 





MOPS/ acetate 


Fig. 2. Decay of cat mRNA in E. coli strain C600 containing the 
plasmid pACYC184 was grown to log phase at 30°C in L-broth 
(left: doubling time, 40 min) or in MOPS/acetate (middle and 
right: doubling time, 200 min), and total cellular RNA was isolated 
0, 2, 4 and 6 min after rifampicin treatment’. Analysis of cat mRNA 
decay was performed by fractionation of the RNA examples on a 
1.2% agarose/formaldehyde gel?” followed by blotting onto a 
nitrocellulose filter” (left and middle). The blots were probed with 
nick-translated cat gene DNA. The decay of cat mRNA from E, 
coli growing in MOPS/acetate was also monitored by S, nuclease 
analysis** (right). Plasmid pACYC184 linearized with EcoRI and 
5' end-labelled with [y-**PJATP and polynucleotide kinase was 
used as the probe. The observed protected DNA fragment corre- 
sponds to the 5’ terminal 270 nucleotides of cat mRNA". The 
finding of a unique 5’ end by S, nuclease mapping demonstrates 
that the two cat messages detected by RNA blotting result from 
multiple sites of transcriptional termination. 


dependent alteration of mRNA half life was not observed for 
the transcript of the Ipp gene, which had a half life of ~22 min 
at 30°C whether the bacteria were grown in L-broth or 
MOPS/acetate (Table 1). In addition, there was no change in 
the fraction of total RNA represented by the Ipp transcript under 
these different growth conditions. Thus, an increased rate of 
mRNA decay with the slowing of cell growth is not a universal 
phenomenon, nor does it seem to be a general property of 
long-lived E. coli transcripts. Although it is not known whether 
the biosynthesis of the {pp gene product is stringently or loosely 
related to the rate of bacterial growth, our data demonstrate 
that any down-regulation of the rate of production of lipoprotein 
is not controlled at the level of mRNA stability. a 

The effect of growth rate on the stability of two E. coli mRNA 
species having the short half life more typical of E. coli messages 
was also examined. These were the bla transcripts of plasmid 
PBR322, which encode the periplasmic protein B-lactamase, 
and the cat transcripts of plasmid pACYC184, which encode 
the cytoplasmic protein chloramphenicol acetyltransferase 
(CAT)O8 5, 

There are six overlapping bla messages transcribed from 
pBR322 (ref. 9). These transcripts are initiated at one of two 
Promoters and are terminated at one of three sites. All six bla. 
transcripts had a half life of 3 min independent of the growth > 
medium used. Moreover, under all growth conditions, each of 
the component segments of bla mRNA? decayed at the same © 


rate (Table 1). When bla transcripts from cells isolated justo 


before entry into the stationary phase of growth were analysed 
as described above for the ompA transcript, the half life was’ _ 
again found to be 2-3 min. As in the case of the Ipp transcript, — 
the fraction of total RNA represented by bla mRNA was the 
same at all growth rates, indicating that the steady-state con- 
centration of bla mRNA fell by the same factor of 1.8 as did 
the overall RNA concentration in bacteria growing in 
MOPS/ acetate. (The small decrease in bla mRNA concentration 
presumably reflects a slightly reduced rate of transcription.) 
In contrast, the intracellular concentration of cat mRNA fell 


by a factor of ~13 when the cell doubling time was increased ao 
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Table 2 Enzyme activities of §-lactamase and chloramphenicol 
acetyltransferase from E. coli grown in different media 





L-broth MOPS / acetate 
B-Lactamase 13 43 
CAT 0.37 0.25 





“Enzyme activities are units per mg of cellular protein. All experiments 
_cwere performed with E. coli strain C600 containing either pBR322 or 
“pACYC184, Different growth rates were achieved. by growing cells in 
L-broth or in MOPS/ acetate. Bacteria growing exponentially were rup- 
tured by sonication, and the cell debris was removed by centrifugation. 
o The supernatant was assayed for either B-lactamase activity or 
chloramphenicol acetyltransferase (CAT) activity'*!°, Total protein 
concentration was determined using the method of Lowry’. The copy 
‘number’! of pACYC184 at the two growth rates was found to be the 
ie; Whereas the copy number of pBR322 increased twofold in 
OPS/acetate. 









from 40 to. 200 min. Most of the reduction in cat mRNA 
- concentration can be explained by the fact that the multiple 
‘transcripts of the cat gene, which result from the use of one 
¿promoter and two transcriptional terminators (Fig. 2), decayed 
approximately five times faster in response to the fivefold pro- 
Jongation of doubling time. The cat messages isolated from 
bacteria cultivated in L-broth showed a half life of 2 min, 
-whereas cat mRNA from cells grown in MOPS/acetate medium 

: showed a half life of about 0.4 min (Table 1, Fig. 2). 
i Analysis of the activities of B-lactamase and CAT in cells 
< growing in L-broth or MOPS/acetate shows that the concentra- 
-< tions of both enzymes, relative to total cellular protein, are 
altered under conditions of prolonged doubling time. In cells 
n in MOPS/acetate, the f-lactamase concentration 
than threefold, whereas the cellular concentra- 
s to two-thirds of its value in L-broth (Table 2). 
grow in MOPS/acetate at one-fifth the rate seen in 
roth: by multiplying these factors, we calculate that the rate 
-of synthesis of -lactamase must be nearly independent of 
growth rate, whereas the synthesis of CAT must slow by a factor 
of. ~8 in MOPS/acetate. As the steady-state concentration of 
“bla mRNA is hardly influenced by growth rate (see above), it 
Js not surprising that the rate of production of B-lactamase is 
-similarly unaffected. In contrast, the substantial decline in the 
orate of synthesis of CAT in cells. growing in MOPS/ acetate can 
be accounted for by the observed decrease in the cellular con- 
centration of cat mRNA, which is seen here to result primarily 

‘from a decrease in the half life of the cat transcripts. 

The results reported here indicate that the decay rates of 
„= various messages are affected differently by changes in the rate 
-of cell growth. Growth-related effects on decay occur with both 
a very stable mRNA species (ompA) and an mRNA species 
(cat) that has a half life of 2-3 min, as is typical of most E. coli 
mRNAs. The effect of growth on mRNA decay does not appear 
to be correlated with either the extent. of mRNA secondary 
structure or the nature of the gene product. The ompA and Ipp 
transcripts both possess the potential for extensive 
intramolecular basepairing, and both encode abundant outer 
membrane proteins; yet the decay of only one of these messages 
(ompA) is modulated in response to changes in the bacterial 
growth rate. 

Our observations indicate that control of the rate of mRNA 
decay is one means by which cells can reduce the rate of 
biosynthesis of proteins during times of slow growth. Moreover, 
the finding that only certain E. coli messages are degraded more 

_ Yapidly at slow bacterial growth rates implies the existence of 
mechanisms that differentially alter the decay rates of transcripts. 
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Cumulative damage to lung tissue by leukocyte elastase is th i 
to be responsible for the development of pulmonary emphysema, 
an irreversible lung disease characterized by loss of lung: el 
ticity”. It is also thought to be involved in the rapidly developing 
and usually fatal adult respiratory distress syndrome“. The prima 
defence against elastase damage is the anti-protease known as 
a -antitrypsin®*, a glycosylated serum protein of 394 amino acids’ 
Oxidation of the methionine 358 residue located at the activ 
centre of a,-antitrypsin results in a dramatic decrease in inhibito 
activity towards elastase which effectively inactivates the protective 
function’. It has been suggested that this oxidation sensitivity 
a regulatory function and allows tissue breakdown at sites of 
inflammation by inactivation of a,-antitrypsin by oxygen radica 
released by phagocytes’. In the above diseases, however, the oxid 
tive inactivation of @,-antitrypsin is probably of major importance 
in allowing lung damage: by elastase*’. An oxidation-resistant 
q@,-antitrypsin might make it possible to reduce the large doses 
of a,-antitrypsin required for emphysemics and provide treatment 
for acute inflammatory respiratory conditions. To further t 
possibility of therapy for the above conditions, we describe here 
the synthesis in yeast of active, non-glycosylated, human a, 
antitrypsin. Site-directed mutagenesis has been used to construct 
an active, oxidation-resistant derivative containing a single 
methionine to valine substitution at the active centre. This demon- 
strates the potential of engineered modifications to protein 
molecules designed to improve their physiological function. 
To obtain @,-antitrypsin cDNA sequences encompassing the . 
entire coding region, a cDNA library constructed from poly(A). 
mRNA from liver was screened with radiolabelled oligonucleo- 
tide probes corresponding to amino acid residues —23 to ~17 
(25,000 colonies) and 344-350 (5,000 colonies). The probe’ 
sequences were taken from the partial nucleotide sequences | 
described previously*”. Four colonies hybridized’®'' to the N- 
terminal probe and 148 to the C-terminal probe. After ge 











Fig. 1 Nucleotide sequence and 
_ predicted amino acid sequence ofa- 
antitrypsin cDNA encoding the pre- 
protein. For expression in yeast the 
pre-sequence was removed by 
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viously*®, size fractionated on a 
Sepharose CL4B column to remove 
most. of the cDNA of <300bp, 
treated with S, nuclease and cloned 
tithe PstI site of a pBR322 derivative 
using the homopolymeric dG and dC 
ailing method”. Note that the 
‘second-strand cDNA was self- 
rimed; the first seven nucleotides of 
the. cDNA differ from the genomic 
sequence and are probably incorrect 
as has been described previously”. 
The following restriction fragments 
shown were isolated by preparative 
polyacrylamide gel electro- 
phoresis*’: 603 bp BamHI-BstB2 
from pS’AT-1; 450 bp BstE2-Aval 
from p3’AT-11; 85 bp Aval-Hinfl 
from p3’AT-3. The five C-terminal 
‘amino. acids and termination codon 
vere encoded by the synthetic 
oligonucleotide adapters shown 
adjacent to the coding sequence. These oligomers were synthesized by pho 
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sphoramidite chemistry”, phosphorylated*’, and mixed in equimolar 


amounts. Approximately 2 pmol of fragments | and 2 were ligated?” together in 50 pl and after removal of ligase, digested with BamHI and 
I. Similarly, fragment 3 and the synthetic duplex were ligated and digested with Aval and Sall. The resulting fragment mixtures. were 


igated, digested with BamHI and Sall and DNA of ~1,200 bp gel is 


olated and cloned by substitution into BamHI, and Sall cut and 


hosphatased”’ pBR322. Analysis of miniscreen plasmid DNA?” from these transformants indicated that a full length CDNA had been obtained 


‘and one such transformant was used in subsequent constructions. 


nalysis of plasmid DNA from the 4 N-terminal and 12 C- 
rminal clones, three overlapping clones were selected for fur- 
r study. We have elucidated a composite DNA sequence for 
intitrypsin derived from the three cDNA plasmids by sub- 
ning and sequencing in M13 phage vectors'™'? (Fig. 1). The 
tein sequence predicted by the cDNA differs from the pub- 
ed sequences in several positions, probably due to the genetic 
lymorphisms known to be quite common in a,-antitrypsin'*. 
o assemble a cDNA encoding the mature a,-antitrypsin 
table for expression in yeast, three restriction fragments from 
1¢ BamHI- Hinfl sites shown in Fig. 1 were first isolated from 
their respective plasmids. These fragments were ligated together 
with the synthetic DNA segment shown in Fig. | and cloned 
y substitution between the BamHI and Sall sites of pBR322". 
To construct a yeast plasmid directing the synthesis of a,- 
ntitrypsin we first isolated the yeast acid phosphatase (PHOS) 
romoter from a library of yeast genomic DNA using a synthetic 
gonucleotide probe (Fig. 2). The PHOS promoter was chosen 
ecause it is a relatively strong yeast promoter which can be 
regulated using either phosphate concentration'® or tem- 
perature-inducible mutants'’. The second codon of the acid 
fhosphatase gene was joined in phase to the second codon of 
he @,-antitrypsin cDNA by blunt-ended ligation (Fig. 2). After 
beloning, this PHO5-«,-antitrypsin segment was isolated as 
BamHi-Sall fragment and joined to a Sall- BamHI fragment 
containing the transcription terminator of the glyceraldehyde-3- 
phosphate dehydrogenase (GAPDH) gene (ref. 18. and our 
published results), followed by insertion into the pC1/1 yeast 
shuttle vector as a BamHI fragment. 
To. change the methionine residue at position 358 to a valine 
residue, we used M13 site-directed mutagenesis'®. The Pvull- 











Sall fragment of the cDNA (Fig. 1) coding for amino acids 
238-394 was cloned by Smal-Sall substitution into M13 mp10”. 
Single-stranded viral DNA was isolated and used as a template 
for site-directed mutagenesis using a synthetic 30-mer as a 


mutagenic primer (Fig. 3). Positive plaques were identified using 


the primer as a probe and the codon change was confirmed by” 
DNA sequencing (Fig. 3). The 360 base pair (bp) EcoRV-Sall 
fragment of @,-antitrypsin (Fig. 1) containing the mutation, was 
inserted into the yeast expression plasmid as described. in Fig. 
3 legend. This fragment was  re-sequenced from 
pC1/1PHOSAT(Val), confirming the T to C transition and show- 
ing that no other mutations had occurred during the M13 
mutagenesis, as have been observed. previously”. Yeast strain 
ABI03*! was transformed? with plasmids pC 1/1, 
pCi/I1PHOSAT(Met) and pCi/1PHOSAT(Val). 

To characterize the @,-antitrypsin produced in yeast, cultures | 


were grown in high (repressing) or low (inducing) phosphate —. 


and collected in log phase. Cells were lysed with glass beads, 
and the soluble cell proteins analysed by SDS-polyacrylamide. 
gel electrophoresis and elastase inhibition assays (Fig. 4; Table ~ 

1). The results of the gel analysis (Fig. 4A) show: that a protein 
of ~42,000 molecular weight (MW) is specifically induced in 
those transformants containing the a,-antitrypsin CDNA. A 
protein of 44,000 MW is expected for mature, non-glycosylated 
a antitrypsin. Although strain AB103 contains the pep4-3 muta- 
tion and is deficient in most of the proteolytic activities of the 
yeast vacuole”, additional smaller proteins of ~23,000 and 
19,000 MW were specifically induced. These were shown to be 
antigenically related.to a,-antitrypsin by Western blot analysis 
(Fig. 4B) and possibly result from proteolytic degradation. 


When synthesis of a,-antitrypsin was similarly analysed in 
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Fig. 2. Construction of yeast plasmids expressing a PHOS-a,- 
“antitrypsin. fusion encoding the first two amino acids of the 
PHOS gene and residues 2-394 of @,-antitrypsin. DNA fragments 

and plasmids are only approximately to scale. To isolate the 
“PHOS promoter, the. oligonucleotide probe *GGCACT- 
` CACACGTGGGACTAG*, complementary to a portion of the 
‘sequence of the promoter, was used to. screen a library of Sac- 
haromyces cerevisiae DNA”. Several positive clones were 
obtained and one was sequenced’: "3 and shown to contain the 
PHOS promoter. A 630 bp BamHI-Sall fragment from this isolate 
was subcloned into pBR322. This fragment contains 80 bp of the _ 
acid phosphatase coding. sequence and has the sequence 
SATGTTTAAA’ encoding the first three amino acids, the second 
and third codon specifying an Ahali site. pC1/1 is a derivative 
of pJDB219 (ref. 40) in which the pMB9 sequences have been 
replaced by pBR322. 










2150 pep4*, an increased level of the 23,000 and 19,000 MW 
fragments was observed as well as the production of a new 
fragment of 40,000 MW (data not shown). 

To determine the activities of a,-antitrypsin(Met) and a,- 
antitrypsin( Val), appropriate yeast extracts were incubated with 
human leukocyte elastase and a synthetic peptide substrate 
ose: Cleavage can be assayed by increase in absorbance at 
nmt. Inhibition of elastase was found to be directly propor- 
l to the amount of human a,-antitrypsin added in the 
bsence of control yeast extracts (Table 1 assays 
ur unpublished results), Control yeast: extracts 
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tase activity (Table 1, assay 6) whereas - 
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nucleotide sequence of wild- -type (Met) and mutant (Vs 
centres of a,-antitrypsin. 
Methods: A ‘mutagenic. primer having the 
*GACCTCGGGGGGGATAGACACGGGTATGGC® 
thesized and used to prime second-strand DNA synthe i 
stranded M13 containing a wild-type a,-antitrypsin frag nt 
text) as described previously'™?'. The mismatch is underlined 
Mutagenized phage were located using the same primer as a pro! 
and filters were washed for 60 min at 65 °C in 0.15 M NaCl, [5 m! 
sodium citrate (1 xSSC), To substitute the Met to Val mutant i 
the yeast expression vector shown in Fig. 2, the 360 bp EcoR 
fragment of a,-antitrypsin (Fig. 1), containing the mutation, wa 
prepared from a digest of the M13 replicative form DNA. 
was ligated to the 1,350 bp BamHI- EcoRV fragment, contai 
the PHOS promoter and N-terminal residues of a,-antitryps 
prepared from pPHOSAT, and the 1,100 bp Sall- BamH 
terminator fragment, both shown in Fig. 2. After liga 
mixture was digested with BamHI before ligation into Ba 
and phosphatased pCl/1. After transformation of HB! 
positive clone, analogous to pPHOSAT(Met), was 
restriction enzyme analysis of plasmid DNA fror 















yeast extracts assayed by inhibition of elastase activi 





Volume of 
Assay yeast extract WE ay NCS (pI) 
no. Plasmid (pl) Antitrypsin (10 mM) 
t wo oon = ~~ 
2 — — o.i — 
3 = ~ 0.2 ~ 
4 mm _ 0.5 oe 
$ — _ 10 m 
6 ci/Al 15 _ od 
7 Met 0.5 _ 
8 Met 15 m -l 
9 Val 9.5 _ a 
10 Val 15 _ — 
H — a 1.0 — 
12 _ me 1.0 10 
13 ci/t 3.8 1.0 ome 
14 C4/1 3.8 1.0 10 
15 Met 15 _ _ 
16 Met 15 _ 10 
17 Val 5 co -= 
18 Val LS 10 


Yeast extracts were prepared by lysis with glass beads and centrifuged 
cellular debris’’. Extracts were diluted in 50 mM Tris pH 8, 50mM_ NaCl : 

N-chlorosuccinimide (NCS) oxidations, 7.5 wl of extracts were incubated ai 
temperature for 5 min in 100 pl of 50 mM Tris pH 8, with the indicated amou: 
of NCS (10 mM). Aliquots were transferred to tubes containing 0.1 mM Meo-Su 
Ala-Ala-Pro-Val-p-nitroanilide (Vega), 50mM Tris pH 8, 0.5M NaCl, 100 
bovine serum albumin (BSA), in a volume of I mi. Assays were initiated: by the 
addition of 0.15 ug HLE and incubated for 15 min at 28°C, terminated. by. the 
addition of 100 pl of 8M acetic acid and the absorbance at 410 nn was dete 
mined’, Protein concentrations’ were: Ci/1, 6.4 mg mi~’; Met, 8.0 mgmit; 
9.7 mgmi"', From the amount of human leukocyte elastase (HLE) act 
served, given the protein concentration of the yeast extracts and the amount, of 
HLE added, the percentage of the yeast-soluble protein that is @,-antitrypsin 
be calculated. We assume 100 % HLE activity, a 1:1 complex between HLE and 
@,-antitrypsin, and that the molecular weights of HLE** and a, -antitryp: : 
29,000 and 42,000 MW, respectively. In this experiment a,-antitrypsin is. 
3:3 % in the Met extract (assays 7 and 8) and 2.3 and 2.6 % in the Nala 
(assays. a and 10). 3 











B 4abcdef g 


a,AT— 





4 a,-antitrypsin (a, AT) and related proteins synthesized in 
east. A, SDS 10-20% polyacrylamide gradient gel” stained with 
Coomassie blue showing soluble proteins synthesized in: a, unin- 
t luced pCli/l-containing control cells; b, induced pCI/I- 
Ataining control cells; c, uninduced pC1/1PHO5(Met) cells; d, 
nduced’ pC1/ iPHOS(Met) cells; e, uninduced pC!/1PHOS(Val) 
elis; ff induced pC1/1PHO5(Val) cells: g, glycosylated a,-anti- 
psin from human serum. B, Proteins from gel A which react 
-specifically with antibody to a,-antitrypsin. Identical extracts were 
lectrophoresed on the same gel, transferred to nitrocellulose paper 
and a,-antitrypsin-related proteins visualized by antibody-conju- 
ated horseradish peroxidase staining”. Elastase inhibition assays 
(Table 1) indicated that induced extracts contained 1.0 % a,- 
antitrypsin in this experiment. 

Methods: Yeast cells were grown in 50 mi cultures of leu” selective 
edia in high or low phosphate to an Agsy of ~2. After lysis”, 
~20 wg of the soluble proteins were electrophoresed on a 10-20 

SDS- polyacrylamide gradient gel and blotted onto nitrocellulose 
aper. œ;-Antitrypsin-related proteins were visualized by washing 
“nitrocellulose paper with rabbit anti-a,-antitrypsin (Accurate 
emicals) followed by horseradish peroxidase/goat anti-rabbit 
tibody staining“. Media containing high and low levels of phos- 
phate consisted of synthetic complete medium lacking leucine** 

Supplemented with 0.2 volumes of phosphate-depleted YEP 
nédium**, 2.¢:1~ ' asparagine replacing (NH.)2 SO,,1 g I KH,PO, 
high phosphate) or 1g¥? KCI, 0.03 21°! KH,PO, (low phos- 
shate). Yeast strains are AB103.1 (Mata leu2-3,112 ura3-52 pep4-3 

his4-580 [cir°]) and 2150-2-3 (MATa leu2 adel [cir°}). 


duced yeast extracts for a,-antitrypsin(Met) and a,-anti- 
rypsin(Val) both inhibited elastase activity (Table 1, assays 
0). The percentage of a,-antitrypsin in yeast extracts (Table 
| Showed approximate agreement with estimates from SDS- 
polyacrylamide gels, indicating normal activity of the recom- 
nant a,-antitrypsins. 
_ To discover if a,-antitrypsin(Val) was oxidation resistant, we 
treated extracts with N-chlorosuccinimide, which converts sus- 
ceptible methionines to their sulphoxides™. Both the recom- 
binant a,-antitrypsin(Met) and a reconstituted control extract 
containing human a,-antitrypsin are susceptible to oxidative 
inactivation whereas the a,-antitrypsin(Val) is resistant (Table 
1, assays. 13-18). 


It has been reported recently that the development of emphy- “ay 
sema can be limited by intravenous injection of @,-antitrypsin © 
partially purified from human serum”? . Although ‘this enzyme 
is the most abundant anti-protease in human serum | 
(~1.3 g17')*, insufficient amounts are available from plasma. 


to treat all affected individuals because its half life is only 6 a 


days”. Production from yeast cells offers a viable alternative, 


especially as yields of >10% of soluble cell protein as a;- o 


antitrypsin have been obtained recently using the glyceraldehyde 
phosphate dehydrogenase promoter (manuscript in prepar- 
ation). It will, however, be important to establish whether the. 
half lives in serum and the rates of inhibition are comparable 
for the non-glycosylated recombinant a,-antitrypsins. The 
replacement of methionine by valine at the active centre of the 
molecule was based on the observation that a synthetic peptide 
with this substitution is an improved substrate for elastase”? 

Recent studies have shown that a naturally occurring arginine 
substitution at this position lacks elastase inhibitory activity but 
has gained the specificity of antithrombin HI”. Thus, it is 
important to determine the specificities of any derivatives with 
therapeutic potential. In addition to providing improved treat- 
ment for pathogenic deficiencies of @,-antitrypsin, the construc- 
tion of novel a@,-antit rypsin derivatives by protein engineering, 

together with kinetic and crystallographic’! studies, should 
provide a better understanding of the regulation and reaction 

mechanism of this important anti-protease. 
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Giving ’em the business 
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The AI Business: Commercial Uses of Artificial Intelligence. 
Edited by Patrick H. Winston and Karen A. Prendergast. 


MIT Press: 1984. Pp.324. $15.95, £14.25. 





THE past, it seems, is not always another 
country. In the 1960s, over-optimistic 
advocacy by researchers of the nascent 
field of artificial intelligence (AI) created 
expectations impossible to satisfy. In the 
1980s, spurred by the prospect of serious 
international competition, we again have 
enthusiastic promotion of the technology 
of Al — especially expert systems and 
“fifth-generation’’ computers — and it is 
no less fervent: but this time the promoters 
move in commercial circles. The passionate 
propaganda from the marketing men 
dismays the researcher and perplexes the 
technical manager; as in the 1960s, the 
hyperbole obscures a realistic assessment 
of the true potential of AI technology. 

In an attempt to clear the air, a 
colloquium was called by the MIT 
Industrial Liaison Program to bring 
together representatives of the four main 
groups involved: the academics, who 
started it all; the investment bankers and 
venture capitalists; those concerned with 
industrial research and development; and 
those in industry who use techniques 
devised by AI researchers because there is a 
job to be done. The AI Business is a 
collection of the edited transcripts of the 
colloquium. The book opens and closes 
with perspective and summary chapters by 
the editors. The first chapter sets the scene 
by placing MIT at the centre of Al 
research, and by giving a short ‘‘history”’ 
of the field complete with its own 
Prehistory, Dawn Age, Renaissance and so 
forth. The practising researcher may find it 
difficult to take this chapter seriously, 
while others may be dangerously misled by 
such cavalier treatment. Similarly, while 
the last chapter does a fine job of summing 
up, and offers some homespun advice on 
what action should be taken by universities 
and companies, there is again the tendency 
to lapse into dottiness, viz., **...strength in 
Artificial Intelligence ensures strength at 
everything that Artificial Intelligence can 
help with. And that may be just about 
everything”. These two chapters are very 
much the bread of the sandwich though; 
the meat is proved by the 16 other 
contributors. 

Although Winston (and later, Minsky) 
admits to regarding the term ‘‘expert 
system” with a certain amount of scorn, 
the casual reader will not understand why, 
for the first section of the book contains six 
chapters describing some of the best 
examples of work in the field. Here the 
practitioner will find accounts of his old 
friends XCON and DIPMETER 


ADVISOR, true products of AI research 
which have reached commercial credibility 
not by hype, but by quietly saving their 
users substantial amounts of money. 

The next section, entitled ‘‘Work and 
Play’’, contains six chapters on a subject 
close to the hearts of AI researchers: 
interactive workstations. Part of Al 





Robots on the line — automatic welding on the 
Robogate system at Fiat’s Rivalta plant in Italy. 





research is about making computers easier 
to use, particularly as automated design 
assistants and as apprentices. This goes 
much farther than the computer-aided 
draughting found in industry today. The 
computer should be a participant in the 
design process, synthesizing candidate 
designs that conform to sets of constraints 
with which the designer experiments. There 
is a fascinating contribution by Alan Kay, 
who rambles through a compelling mixture 
of reminiscence and advice. Other chapters 
cover commercially available systems for 
electronic design automation and English- 
language communications with databases. 
The overall theme of this section is the life- 
cycle from basic research to exploitation in 
the marketplace. 

The next section deals with robotics. 
Mike Brady gives a good survey of the 
relationship of AI research areas to their 
application in industrial robotics, while the 
other two contributions survey real-life 
industrial applications, giving examples of 
sensor-controlled robots and more general 





issues in factory automation. This is the 
most straightforward and informative 
section of the book, perhaps as a result of 
the authors’ application of well- 
understood techniques to well-defined 
problems, with clear criteria for the success 
or failure of an application. Other areas of 
Al are not yet as much under control. 
The final section, ‘‘Today and 
Tomorrow”, centres on trends, both 
technological and economic. Minsky’s 
chapter is a prolonged snort of disapproval 
at contemporary events in research, 
politics, business and industry. His basic 
messsage, though, is of prime importance. 
The commercial successes of today relyon — 
AI research carried out ten years ago. — 


Because there is practically no basic work 


in AI now being done, the future may 
already be lost. This theme is repeated in 
the other two contributions by investment 
analysts. Particularly impressive is the 
cogent and analytical chapter by the 
economist, William Janeway. Anyone 
closely involved with recent Government 
initiatives in ‘‘information technology” in 
any country will find considerable 
sympathy with Janeway’s view that, 


The packaging of ignorance by artifice to obtain 
finance distorts not only the returns actually 
received by investors. Distortion of research 
activity in order to obtain finance on such terms 
is both a professional and a social cost that we in 
this country seem ill equipped to appreciate. 


The main question to be asked of this 
book is, ‘‘Who is it for?’’. As the editors 
point out in the last chapter, the 
agreements and differences of opinion 
expressed at the colloquium have been 
preserved in the book. The transcripts of 
the informal discussion sessions at the end 
of each section are particularly effective in 
this connection. Great stuff for the 
practising researcher, who will be 
intimately familiar with the elusive issues 
involved, and who will thus bein a position 
to read between the lines. However, the 
discussions, together with the editors’ own 
contributions, give the book a tone of 
superficiality and off-handedness which is 
dangerous and inappropriate for a more 
general audience. In spite of this, some of 
the individual chapters are particularly 
sound, and deserve wider exposure. : 

I want to see technical managers and 
engineers becoming acquainted with the 
issues covered in this book. But I would tell 
them not to believe everything they read in 
it. The simplistic, shoot-from-the-hip 
flavour may be instinctively appealing, but 
it endangers credibility, and should not be 
interpreted as solid worldly-wise 
experience. Despite Winston's ‘‘Six Ages 
of Artificial Intelligence’’, 20 years is nota 
very long time. What we need, above all, is 
alittle patience. o 





W. F. Clocksin is an Assistant Director of 
Research at the Computer Laboratory, 
University of Cambridge. 
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Karol Sikora 


Monoclonal Antibodies: Probes for the 
tudy of Autoimmunity and 
Immunodeficiency. 

Edited by Barton F, Haynes and George 
S. Eisenbarth. 

Academic: 1984, Pp.318. $45, £33. 
Monoclonal Antibodies: Principles and 
Practice. 

By James W. Goding. 

Academic: 1984. Pp.276. $22.50, £17. 





E immune system has evolved into one 
of nature’s most perfect defences. 
ecognition, memory, specificity and a 
plethora of effector mechanisms all 
combine to create a powerful and dynamic 
defence network. But things can go wrong. 
In autoimmune disease the immune 
ponse turns its attention to host tissues 
and .organs causing self-destruction. In 
munodeficient states, whether con- 
genital or acquired, the host becomes 
sceptible toa wide range of normally 
nnocuous infectious agents as well as to an 
reased risk of malignancy. The problem 
dissecting out the immune system’s game 
jan is the multiplicity of players. Mono- 
Jonal. antibodies (MCAs) have changed 
s; These highly specific molecular flags 
ble the precise identification of the 
system’s components; the lymphocyte. 
For. the first time in one book, Barton 
laynes and George Eisenbarth have 
ought together a collection of reviews on 
he use of MCAs in the analysis of 
nmunological disorders. Beginning witha 
ummary of the study of T-cell differ- 
ntiation using the well-known anti-T- 
ymphocyte subset MCAs, the book 
roceeds through a series of accounts of 
aemopoiesis, thymic differentiation, 
man hybridoma formation and 
munodeficiency. The final four chapters 
liscuss. classic endocrine diseases such as 
betes, thyroid problems and myasthenia 
vis. > 

The net result is a rather hotchpotch 
ollection. To the immunologist there is 
ttle new that has not been reviewed else- 
here, often by the same authors. The 
linician searching for a clearing in the 
réeasingly complex immunological 
ungle will also be disappointed; 
‘matologists, rheumatologists and 
ndocrinologists. will not find much of 
vance here to their current practices 








More on monoclonals 


Monoclonal Antibodies to Receptors: Probes 
or Receptor Structure and Function, edited by 
M.F, Greaves. Publisher is Chapman & Hall, 
tice is £35, $75. 

+ Monoclonal Antibodies and Functional Cell 
Lines: Progress and Applications, edited by 

R.H. Kennett, K.B. Bechtol and T.J. McKearn, 
a sequel to an earlier volume of 1982. Publisher 
is Plenum, price is $59.40, £47.03. 
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and how to improve them. Too much data 
is presented in many chapters instead of the 
critical reviews which would have been far 
more helpful. An exception is the chapter 
on diabetes, which succinctly covers the 
role of the immune system in the causation 
of the disease. The editors might consider 
using this contribution as a model for an 
improved future edition. 

I can be a great deal more enthusiastic 
about the second book reviewed here, that 
by James Goding. Although MCAs were 
discovered nearly a decade ago, there are 
few practical guides to the experimenter 
setting up a monoclonal factory. Goding is 
a scientist of considerable experience in 
the MCA business, and has written such a 
guide, a good one. 

After a chapter on the theory behind 
MCA production, the remainder of the 
book goes step by step through the various 
stages of production, purification, 
radiolabelling, the application of MCAs in 
assays and in immunohistology also being 
discussed. Particularly pleasing is the step- 
wise layout of the various practical 


Climate of quality 
J.M. Walker 


Climates of the Oceans. World Survey of 
Climatology, Vol. 15. 

Edited by H. van Loon. 

Elsevier: 1984. Pp. 716. $173, Dfl. 450. 














Few books can have had as difficult a 
gestation period as Climates of the Oceans. 
The first editor died, the second withdrew, 
and when Harry van Loon took over, in 
1974, 11 years after the book was 
commissioned, only one chapter was 
available in a form suitable for publication. 
New authors had to be found for four of 
the other six chapters and, furthermore, Dr 
van Loon had to accept the constraints 
imposed by the editorial decisions of his 
predecessors. The publishers must have 
wondered if the book was jinxed. 
Fortunately, they persevered. 

The result is an academic textbook and 
work of reference worthy of its place in the 
World Survey of Climatology series. 
Moreover, the book has admirably filled a 
gap in the literature; until now there has 
been no authoritative and comprehensive 
survey of weather and climate over the 
oceans. For that reason it will find a wide 
audience, including not only meteor- 
ologists, oceanographers and geographers, 
but also those who need information about 
marine weather and climate for 
commercial purposes. 

As is almost inevitable in a book of this 
kind, the chapters vary in length, quality 
and style, but the overall standard of 
writing and presentation is high. 
Paradoxically, given the paucity of 
observational data from most oceanic 


regions south of the Equator, the longest: | 














procedures described, together with the . 
extensive reference material provided. Of 
course, no two workers use precisely the 
same approach as outlined but for the- 
newcomer to the field the recipes given do 
provide a starting point. 

Surprisingly little information, however, 
is given to guide the neophyte in choosing 
which myeloma system to use, often a 
major stumbling block. Several are 
mentioned but no comparison between 
them is given. And there is no discussion of 
the more recently developed forms of 
immunization using peptide fragments; by 
preparing MCAs to peptides synthesized 
on data predicted from DNA analysis, the 
circle between gene and protein can now be 
closed. 

Altogether, though, this is an excellent 
laboratory manual, invaluable to the 
newcomer to the field. But new editions 
will be required frequently if it is to remain 
useful over the next few years. a 





Karol Sikora is Director of the Ludwig Institute 
Jor Cancer Research, Cambridge, UK. ney 





chapters are those dealing with the oceans 
of the Southern Hemisphere. O Hiflich’s 
contribution on the climate of the South 
Atlantic occupies 191 pages; N.A. Streten 
and J.W. Zillman’s (South Pacific) 167; 
and J.J. Taljaard and H. van Loon’s 
(Indian Ocean south of 35°S) 97. In 
contrast, M.A, Einarsson’s chapter on the 
climate of Iceland takes up only 25 pages 
(and the reader is left to guess why itis 
included in a book on ocean climates!), 

It is regrettable that the book is not as up 
to date as it might have been. It contains 
few references to works published since 
1980. Indeed in ‘‘Climate of the Indian 
Ocean North of 35°S”’ by C.S. Ramage, 
the most recent reference is dated 1975, and 
in K. Terada and M. Hanzawa’s chapter on: | 
the North Pacific it is 1974. The obvious 
conclusion is that contributions were sub- 
mitted over a period of years and were not 
subsequently updated. This is a pity, 
because in the past decade there have been 
numerous studies of atmospheric 
behaviour over the oceans, particularly 
over the North Atlantic, the North Pacific 
and monsoonal parts of the Indian Ocean. 
In Ramage’s article, for example, there is 
no mention of the Monsoon Experiment 
(MONEX), while G.B. Tucker and R.G; 
Barry (who deal with the North Atlantic) = 
say very little about the GARP Atlantic © 
Tropical Experiment (GATE). 

All things considered, however, it is 
remarkable that the shortcomings of the 
book are so few. It is a work of high quality 
and a mine of information. and data. For 
anyone with an interest in the oceans it will 
be invaluable. m 





J.M. Walker is Senior Lecturer in Meteorology - 
and Physical Oceanography at the University of 
Wales Institute of Science and Technology, == 
Cardiff es THERE GEES SAS 
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_ _Husbanding resources 
Colin P. Groves 
Evolution of Domesticated Animals. 


Edited by ILL. Mason. 
Longman: 1984. Pp.452. £35. 























_< AS-archaeozoology has evolved into a 
discipline in its own right, so there has been 
-ca surge of interest in the economics of 
domestic animals and in the possibility of 
< domesticating new species. Until recently 
“there. was little in the way of synthesis on 
the subject, and no general books had 
‘appeared since Zeuner’s heavily 
rchaeologically orientated A History of 
“Domesticated Animals (Hutchinson, 
1963). Now, suddenly, there is a rush to fill 
‘the vacuum. Two recent books of note 
have been Juliet Clutton-Brock’s 
Domesticated Animals from Early Times 
- (Heinemann, 1981), a general book 
suitable as an undergraduate text, and 
Helmut Hemmer’s Domestikation: 
Verarmung der Merkwelt (Vieweg, 1983), 
so far not translated into English but an 
essential read for anyone interested in the 
background to and consequences of the 
domestication process itself. 
< Now comes this compilation, intended, 
as the introduction says, as 

















ingle-volume account of the origin and 
ry of domestic animals, species by species, 
which will not only be a ready source of exact 
information but will also provide an 
introduction to the literature. 


- In other words, it is not a theory-orientated 

“book like Hemmer’s, nor a textbook like 

“Clutton-Brock’s, but a source book of data 
and literature. 

There are 69 chapters on different 
species or groups, including some on 
potential domesticates and some on 
experiments in progress. The longer 
chapters are divided into standard 
headings: introduction (with sections on 

“nomenclature, general biology, and 
“numbers and distribution); wild ancestor; 
domestication and early history; recent 
history and present status; and future 
prospects. The treatment of these various 
themes is very variable, and reflects the 
main interests of the authors of the 
chapters. Bökönyi is an archaeologist; 
nearly half of his chapter on the horse is 
taken up by the section ‘“‘Domestication 
and Early History”. Epstein and Bichard 
are both specialists in animal husbandry; 
more than half of their chapter on the pig is 
“Recent History and Present Status”. 
Many other contributions are similarly 
„> weighted; perhaps the most successful and 
_ -rounded of them are those by co-authors 
with. different specialities (such as the 
chapter by- Novoa, a veterinarian, and 
heeler, an archaeologist, on llama and 
alpaca), or by single authors who have 
ade one or a group. of species their own 
the dog, by Clutton-Brock; 
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on the reindeer, by Skjenneberg; and the 
series on domestic fowl, turkey and goose, 
by Crawford). There is always at least a nod 
towards all the statutory topics, though in 
some instances an author may be way out 
of his depth: Ryder flounders desperately 
amid the complexities of the taxonomy of 
wild sheep, and is not always happy with 
archaeological concepts (it is surprising to 
see his apparent unquestioning acceptance 
of high proportions of juveniles as 
evidence for domestication in an 
archaeological context, a line of argument 
which one would have thought long since 
thrown into disrepute), but as soon as he 
starts writing about wool, his lifelong 
speciality, he is clear, authoritative and a 
joy to read. 

The section on general biology is, one 
would have thought, pivotal to each 
chapter, but perhaps because it is part of 
the introduction it is in most instances 
disappointingly skimmed over. Some of 
the best accounts of species’ biology are, 
unexpectedly, in the chapters on minor 
species (Bali cattle, by Rollinson; yak, by 
Bonnemaire). 

My other main criticism of the book is its 
lack of an overview. Charles Reed does 
provide an introductory chapter, ‘‘The 
Beginnings of Animal Domestication”, 
but this is of course from an archaeological 
point of view, and one would have liked to 
see similar chapters to cover themes such as 
the biology of domesticatidn; the question 
of parallel changes in different species as a 
consequence of domestication; the suit- 
ability of different species for domesti- 
cation; prospects for new domestication; 
and so on. I may have misunderstood the 
purpose of the book here, but it seems to 
me that discussion of such generalities 
would have been helpful from both a 
theoretical and a practical standpoint. 

When all is said and done, however, it is 
a pleasure to read experts expounding the 
mysteries of their art and the book remains 
a monumental success. It is a compilation 
of essential data — the only one there is. It 
deals with all species that have ever been 
domesticated, or conceivably ever could 
be: the African elephant is there, the 
European bison, the onager (though I 
personally think this ought not to have 
been included), the ostrich, the crocodile. 
We have the latest on the cane-rat 
domestication project from the University 
of Ibadan group; hamsters and gerbils; 
snails and oysters; and a fascinating survey 
of silkworms. Whatever its defects, the 
book will stand for years to come as an 
invaluable reference work. It will 
deservedly find a place in the libraries of 
universities, animal husbandry and 
veterinary institutes, archaeology teams, 
and even many schools. And thank you, 
Mr Mason, for doing it; because it needed 
tobe done. Q 





Colin P. Groves is a Senior Lecturer in the 
Department of Prehistory and Anthropology, 
Australian Nationa: University, Canberra. 
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ollination renewed 


eter D. Moore 








‘ollination Biology, Edited by Leslie Real. 
Academic: 1984. Pp.338. Hbk $49, £36; 
pbk $19.50, £15. 





“Fics, yuecas and specialized orchids have 
proved to be the exception rather than the 
rule.’ Thus Peter Raven introduces this 
compendium of review papers in 
pollination biology as he seeks to 
emphasize that it is a subject in which great 

anges are taking place. The period of 

escriptive work, from which the 
extraordinary stories of host-specific fig 
asps and yucca moths emerged, is now 
past and experimental research on 
opulation variation and the selective 
dvantage gained by specific individuals 
ith particular attributes has begun. 
sin most areas of ecology, the direction 

‘which pollination biology is heading is 
towards a search for generalities rather 
than specifics. Can one, for example, make 

neral statements about the evolution of 

reeding systems in plants in relation to 
llination mechanisms? Can one quantify 
degree of competition between plants 
pollinators? Or is it possible to assess 
adaptive significance of a specific trait, 
ich as flower colour? These are the sort of 
blems which the book addresses. 
he approach is radical, in places almost 
onoclastic. Many old and well-engrained 
‘mas are critically examined and 
scarded, though they are not always 
laced with simple alternatives. Take the 
olution of dioecy, for example. It has 
ng been assumed that the separation of 
xes-on to different plants provided 
vantages in terms of out-breeding. Here 
att claims that this principle is not 
pported by experimental evidence, but 
hat does account for the development of 
dioecy is still somewhat obscure. Perhaps it 

‘a matter.of resource allocation, sexual 

ction or predation avoidance. 

A chapter by Stephenson and Bertin is 
devoted to sexual selection in plants and 
approaches the subject in a logical way by 
dividing it into two categories: (i) 
competition between members of one sex 
for reproductive access to the other sex and 
ai) choice of a partner by one of the sexes. 
Too often these groups have been confused 

botanical studies; it is not difficult to 

derstand how males may compete for 
cess to females, but less easy to visualize 
element of female choice. The latter is 
haps best regarded as non-random 
fertilization following pollen deposition, 
that-is, some form of incompatibility. But 
this is questionably comparable to mate 
selection in animals. There is also the pos- 
sibility that the female can favour specific 
male plants or pollinators by such 
characteristics as a restriction of flowering 
lime. An interesting outcome of these 
ocesses is that sexual selection in plants 











has not led to the visually obvious second- 
ary sexual characters found in animals, but 
may often have influenced non-visual, 
physiological and biochemical develop- 
ments. 

This is a book which tackles many topics 
of interest to geneticists, ecologists and 
palynologists. Under what circumstances is 
wind pollination advantageous? What 
sensory stimuli determine the foraging 
behaviour of a pollinating insect? How 
does the density of a population of 
flowering plants affect the frequency of 
visits from a pollinator? These are exciting 
questions which cut across the boundaries 
of traditional disciplines. 

Viewed as an undergraduate text, which 
it claims to be in part, the book is not 


entirely satisfactory. The text is laden with 
multiple citations; too many subjects are 


discussed from different angles in separate 


chapters; and summaries of chapters are 
often inadequate as a guide to chapter 
content. But as a source of information . 
and, above all, stimulating ideas for 
specialists and research workers, this is an 
extremely valuable addition to a literature 
which is currently dominated by detail. and 
description rather than a conceptual 
approach. Figs and yuccas may be the 
exceptions, but the mundane may yet prove 
to be even more enthralling. m 


Peter D. Moore is Reader in Ecology in the 
Department of Plant Sciences, King’s College, 
University of London. 





Wholesome genetics 
Nick Proudfoot 


Eukaryotic Genes: Their Structure, 
Activity and Regulation. 

Edited by N. Maclean, S.P. Gregory and 
R.A. Flavell 

Butterworths: 1983. Pp.474. £52, $99.95. 





THE explosion in our understanding of the 
structure and function of eukaryotic genes 
is nearly matched by the explosion in books 
describing it. However, it would seem that 
Maclean, Gregory and Flavell have pro- 
duced one of the best accounts yet of the 
subject. 

Far from being a disparate collection of 
short articles in incompatible styles (as is so 
often the case), the different reviews con- 
tained within the book have been carefully 
stitched together, in relatively homo- 
geneous and concise format. Another valu- 
able feature is that most of the material is 
up to date, to 1983, though such praise 
obviously applies more to some chapters 
than others. Before each section (group of 
related reviews), an introduction or sum- 
mary has been provided. Some of these 
attempt to be enthusiastic to the extent of 
light-heartedness; for example: a ‘‘collec- 
tion of DNA segments... has been called 
either a library (for the intellectuals) or a 
bank (for the businessman)’’. Lidly wonder 
which editors refer to gene libraries or gene 
banks! 

My detailed estimation of different sec- 
tions in the book is as follows. In Section I 
on gene regulation (which would have been 
better named ‘‘Structural Aspects of DNA 
in Chromatin’’), the first review by Jean 
Thomas is, to my mind, excellent; it told 
me all I felt I needed to know about this 
somewhat biophysical end of the subject. 
The other two reviews here, dealing with 
non-histone proteins and DNA 
modification, are somewhat less useful, 
though this probably reflects the fact that 
we know rather little about the involve- 
ment of, for example, HMG proteins and 


DNA methylation in gene regulation. 











Section II might again have been more 
appropriately entitled, this time 
“Organization of ‘Unusual’ Chromo- 
somes in Eukaryotes” rather than the 
general title ‘‘Organization of Chromo- 
somes”. However, the reviews on. mito- 


chondrial, lampbrush and polytene o) 
chromosomes are very helpful -— somany — 


molecular biologists are familiar with © 
various ‘‘classic’’ experiments carried out 
using these systems but don’t really under- 
stand their biology. 

The third section covers experimental 
approaches. I found it somewhat dis- 
appointing. Why no specific articles on in 
vitro transcription, transient expression 
and stable transformation of cloned genes? 
Indeed, the only chapter I felt enthusiastic 
about here was that discussing the oocyte~. 
egg system. Not that a review of 
teratocarcinoma and its use in studying 
gene expression isn’t welcome; it is just that 
more generally-used systems should have 
had priority. 

Section IV on specific gene systems is => 
clearly excellent; while the order of the re-° 
views is again a bit strange, there is here a 
wealth of information hard to glean in total © 
from other sources. The book ends with a 
pathetically (and regrettably) short section 
on plant genes, but its brevity is hardly the 
fault of the editors. Taking away yeast, 
which in any case is barely a plant or indeed. 
a eukaryote, very little progress has been 
made. Perhaps this will encourage more of 
us to turn to plants. After all, as Goldberg 
says in his review, plant genes have all the 
familiar boxes in 


so that one could still feel a ‘“‘mainline .. 
molecular biologist’’. 

Both advanced students and more 
experienced researchers will benefit from 
reading this book. I suspect it will find a 
sizeable audience, large enough for the 
publishers: seriously to consider bringing 
outa cheaper edition. g 


Nick Proudfoot is a University Lecturer and 
Tutor in Biochemistry at Brasenose Folege, 
University. of Oxford: 
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NEW ON THE MARKET 


From ecosystems to electrophoresis 


New products covered this month include a completely sealed ecosystem being offered as a “gift 
item” and a computerized densitometer for electrophoresis. 


© The use of linear roller bearing action 
in the new Shandon Hypercut rotary 
microtome is claimed to ensure a light, 
smooth cutting operation without 
sacrificing durability. This feature enables 
the operator to maintain a controlled 
cutting speed, producing sections of wax- 
embedded tissue blocks of an even, 
consistent thickness in a range from 0.5 to 
30 am. The Hypercut comes complete with 
a universal knife holder which features a 
unique lateral adjustment and accepts a 
wide range of knives, including glass, 
tungsten carbide tipped and disposable 
types. 

Circle No. 100 on Reader Service Card. 





For remote recording, ‘the Hollis GeoPod. 


@ The GeoPod 124 data acquisition 
module is a long-term, magnetic tape 
cassette recording system designed for 
service in the field and in harsh industrial 
environments. Used in conjunction with its 
accompanying tape reader, the M-800, the 
GeoPod 124 is compatible with the IBM 
PC, DEC and other computing systems. 
Suggested uses for the GeoPod 124, from 
Hollis Geosystems, include meteorology, 
monitoring conditions on gas pipe-lines, 
hydrology, and structural strain 
measurements. 

Circle No. 101 on Reader Service Card. 

@ New from Link Systems Ltd, the 
AN10000 microanalysis system is capable 
of measuring, storing, analysing, display- 
ing and manipulating X-ray and electron 
signals produced by scanning and trans- 
mission electron microscopes. The basic 
256K central processor is fast, flexible, and 
Operates within a purpose-designed disk 
operating system which incorporates 
Winchester technology hard disks as a 
standard feature. AN10000 is equipped 
with a high resolution colour monitor, used 
in conjunction with a keyboard and 
MOUSE. The latter gives the operator a 
high degree of control and selection over 
displayed information. 

Circle No. 102 on Reader Service Card. 


@ Simultaneous determination of 
nitrogen, carbon and sulphur is possible 
using two new versions of the Carlo Erba 
NA 1500 automatic nitrogen analyser. 
Samples of up to 100 mg (depending on 
sample composition) can be analysed. 
Other features are the short analysis times 
(3 min for N, 5 min for N and C, 6 min for S 
and 8 min for N, C and S), the wide 
measuring range (from 100 p.p.m. up to 
100% for N, C and S) and high accuracy 
(better than 0.2%). 

Circle No. 103 on Reader Service Card. 

@ Quickly changed, non-breakable, 
chemically inert fluoroplastic capillaries 
are used as the disposable tips for the new 
Oxford pipettes. Called the Ultra Micro, 
this series of five pipettes is designed to 
provide relatively high reproducibility and 
accuracy at 1, 2, 3, 4 or 5 yl. Both top and 
bottom of the internal air displacement 
chamber are sealed by O rings, for leak-free 
operation. Fluoroplastic (FEP) capillary 
tips can be used for tasks such as stirring a 
sample into a cuvette without fear of tip 
breakage. And it only takes a few seconds 
to change tips. 

Circle No. 104 on Reader Service Card. 

@ The latest scanning electron microscope 
from the Electron Optics Group at Philips 
guarantees 5 nm resolution at 30 KV with 4 
nm easily attainable. The SEM 515 attains 
higher resolution results from improved 
gun geometry, which gives a better signal- 
to-noise ratio. In a special low kv con- 
figuration this provides a fivefold increase 
in brightness when compared with the 
standard configuration. A new feature is 
the opportunity to include microprocessor- 
controlled automatic focusing and astig- 
matism correction. Based on algorithms 
developed by the Philips research lab- 
oratories in Hamburg, fully automtic 
focusing and astigmatism correction 
can be achieved in the most difficult 
circumstances, 

Circle No. 105 on Reader Service Card. 

@ Malvern Instruments’ new Zetasizer II 
is designed to measure the surface charge 
on particles suspended in liquid media and 
also to analyse their size distribution. The 
sizer makes use of high-speed digital 
correlation analysis of the light scattered by 
the particles as they move under the 
influence of an electric field. The charge on 
the particles is automatically computed 
and displayed. Particle size measurement 
— in the range 10nm to 3 um — is based on 
analysis of Brownian motion of the 
particles. 

Circle No. 106 on Reader Service Card. 





© A digital storage oscilloscope, data ac- — 


quisition and waveform analysis system — 
the Computerscope — is being offered by 
Advanced Instrumentation & Measurement 
Systems Ltd (AIMS) of Oxford. The 
system upgrades a general purpose micro- 
computer for use in high-speed data 
acquisition and analysis. The Computer- 
scope includes all hardware and software 
necessary to convert a common microcom- 
puter into a multi-purpose instrument at a 
much lower cost than traditional *‘stand 
alone” instruments that incorporate their 
own pre-programmed microprocessor. 
There are two models. The HR14 has up to 
four channels with a maximum sampling 
rate of 500 kHz at 14-bit resolution 
(0.006%) and Model D2 has two channels 
and a maximum sampling rate of 
3.5 MHz at 8-bit resolution (0.4%). The 
Computerscope can also operate as a 
spectrum analyser or signal averager. 
Circle No. 107 on Reader Service Card. 
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Shrimps and foliage share an EcoSphere. 


®@ The glass globe above, little bigger than 


a softball, is an ‘‘EcoSphere’’. Engineering © P; 


& Research Associates, Inc. (SEBRA) has 
taken a concept developed by space 
scientists and produced a ‘‘small-scale 
model of life on Earth”. EcoSpheres are 
primarily intended as gifts but schools and 
museums have expressed interest in the 
EcoSphere as a teaching tool. The sphere 
contains a system including live shrimps, 
but the glass sphere is completely sealed, 
with no ‘‘breather’’ tube to supply 
exogenous oxygen. 

Circle No. 108 on Reader Service Card. 
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Isco’s new pump, the WIZ. 


@ WIZ RP from Isco is a chemically 
inert, high precision reciprocating 
pump which features microprocessor control. 
It has been designed for applications 
requiring precise metering at moderate 
pressures (100 p.s.i.) or for corrosive 
liquids and organic solvents which can 
damage peristaltic tubing. After initial cali- 
bration, any flow rate keyed in ml per hour 
(up to 7 litres per hour) will be produced 
with 1% accuracy. In the dispense mode, 
WIZ RP delivers any keyed-in volume. 
As a diluter, it takes up any volume of 
sample on a first push, and dispenses it 
followed by any volume of diluent on the 
second push. 

Circle No. 109 on Reader Service Card. 
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NEW ON THE MARKET 


@ A new range of vacuum ovens, with 
volumes from 11 to 138 litres, is now availa- 
ble from Heraeus Equipment Ltd. Ovens in 
the new VTR series have an easy-to-clean 
cylindrical inner chamber which is built 
into a rectangular outer unit, allowing the 
ovens to be stacked. The large circular 
window in the door gives a clear view of the 
inner working chamber, the window itself 
being made of 15-mm toughened glass 
The ovens feature an easy-to-read shelf 
thermometer, and shelves which can be 
heated individually are available as an 
option. These new ovens are designed 
specifically for sensitive materials which 
need to be dried at lower temperatures, 
offer shorter drying times and avoid 
decomposition or oxidation of the material 
being dried. 

Circle No. 110 on Reader Service Card. 

© A completely modular line of pre- 
parative scale columns and accessories 
intended to simplify scale-up of chromato- 
graphic separations has been introduced by 
LKB. The LKB 2237 preparative-scale 
columns and accessories enable the user 
to custom-design a preparatory or 
production-level system to handle working 
volumes of aqueous or organic solutions in 
the 0.2-10 litre range. Two series of 2237 
columns are available — one for aqueous 
solvent and one for organic solvent. They 
enable all of the buffers and solvents 
required for even the most complex purifi- 
cation schemes, such as those for certain 
peptides, hormones and lipids, to be used. 
Columns are available in two diameters (5 
and 10 cm) and three lengths (60, 100 and 
120 cm) and are autoclavable. 

Circle No. 111 on Reader Service Card. 





Detachable connection to a Bibby filter flask. 


© Filter flasks in the new range from J. 
Bibby Science Products Ltd can be fitted 
with detachable connectors to enable 
tubing to be connected to the flasks 
without excessive hand pressure. The 
detachable tubing connector has a silicone 
rubber sleeve which pushes into the flask 
aperture. A screwcap then tightens up 
against the sleeve expanding it so that it 
provides a firm, leak-free seal. The new 
flasks are available in Pyrex borosilicate 
for general use or Quickfit for use with 
other Quickfit jointed ware. Capacities are 
from 100ml to 5 litres in Pyrex and 100ml to 
1 litre in Quickfit. 

Circle No. 112 on Reader Service Card. 








The Diastar pathologists * microscope. 


@ Diastar is a new pathologists’ 
microscope from Reichert-Jung which can be 
used in conjunction with a new fully auto- 
matic, microprocessor controlled camera 
system, the Photostar. All functional and 
numerical data are entered via a keyboard 
into the microprocessor and alphanumeric 
LED displays are used. Photostar offers 
automatic film advance, multiple 
exposures on one frame; automatic 
matching of exposure to film 
characteristics; uniform background 
density on panoramic photographs and 
automatic exposure adjustment to take 
account of film or specimen character- 
istics. The Diastar can be adapted for 
multiviewing for up to five persons. 

Circle No. 113 on Reader Service Card. 

@ Appraise is a computerized 
densitometer system for use with 
electrophoresis. Automated scanning 
provides programmable automatic step- 
over from track to track of all common 
electrophoresis media, and focused slit 
ultraviolet eliminates cross-talk and 
sample degradation. Appraise can also 
check calibration of absorbance and 
fluorescence. A detailed display of each 
pattern can be shown on the CRT for 
preview, and the unedited scan can be 
restored and displayed. Appraise, from 
Beckman, provides instant access to 10 
programmable test selections and random 
access and viewing of 20 patterns without 
rescanning. 

Circle No. 114 on Reader Service Card. 

@ Dynatech Laboratories’ range of 
immunoassay plates includes conventional 
96-well MicroElisa format plates (‘U’ or 
flat bottom) and also Removawell/ 
Removastrip holders for use with either 
Removawells or Removastrips. These 
enable the operator to ‘tailor-make’ a plate 
using only as many wells or strips as 
necessary, and enable savings to be made in 
the use of antibody/antibody sensitization 
solutions. 

Circle No. 115 on Reader Service Card. 
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Those who believe that the scientific community is in some sense 
-imternational had better pay special attention to the plight in 
hich. Indian scientists will now find themselves. The 
ssassination last week of Mrs Indira Gandhi will be, for them, 
ore than a mere political calamity. The scientific enterprise in 
dia, whatever its faults may be, owes its growth since 
ndependence from the British in 1947 to the policies deliberately 
followed first by Jawaharlal Nehru, the first Prime Minister of 
ndia, and then by his daughter. Their objectives were open and 
straightforward. Understanding the natural world would in due 
“--eourse be a source of economic prosperity, social improvement 

“and the banishment of superstition. 

It is ironical that the most striking proof so far of the wisdom of 
this policy, the new prosperity of the cereal-growing regions of 
northern India, may have helped to stir the fears of the 
` fundamentalist Sikhs that their emotional hold on their followers 

would be attenuated, thus provoking the fortification of the 

Golden Temple at Amritsar, the Army’s counter-move and last 
week’s hail of bullets. There is no risk that Mrs Gandhi’s son and 
her successor will draw the wrong lesson from this sad sequence of 
events, and conclude that things have been moving too quickly. 
he danger is, rather, that the new government will be so 






assassination (not to mention the election soon to be held) that it 
will have neither the energy nor the resources for an enterprise 
whose benefits will be delayed beyond tomorrow. 
That is why this is a time for recognizing once more the 
- immediate social benefits to contemporary India of its scientific 
establishment. This huge country, which is in reality six or seven 
countries, suffers from a curious sense of lacking a cultural 
identity. Regional diversity is only part of the trouble. Mrs 
Gandhi may have been right in complaining (see page 93) that 
outsiders have no perception of how the long occupation by the 
British impoverished the country. 
For at least a century, the intellectual life of India has been 
¿oo profoundly influenced by the universities, originally created on 
‘athe pattern of the University of London in 1857. Over the years, 
_ the system has generated a distinguished roll of intellectual 
_ heroes, whose names are widely known and. who are generally 
““yespected. The difficulty, for India, is that the achievements of 
these heroes are in a foreign idiom, one that-may even be held to 
have been imposed from the outside. Part of the Nehru-Gandhi 
commitment to science and technology may: be explained by the 
need to make a distinctive mark. That, certainly, is why centres of 
excellence are scattered through India. And the commitment had 
already gone so far, before independence, that the brief Janata 
. government of the 1970s found it impractical to aim at what it 
foolishly supposed to be simpler goals. Having come so far, India 
cannot go back — which does not imply that chairmen of atomic 
energy commissions should not be sanskrit scholars on theside, or 
that the distinctive Indian sense of kinship (with places as well as 
people) need diminish. 
_ The scientific enterprise also has much to offer in the solution 
f other problems rife in contemporary India. Since the time of 
lomi Bhabha, in the 1950s, the government of India has been 
dicated to the belief that scientific enterprises would help to 
the country.as.a whole more productive ways of working. 
tomic Energy Commission was the spearhead of this move- 


















What to do to help in India 


-Mrs Indira Gandhi’s assassination is unlikel ly to see a retreat for support for Indian science. But in 
turmoil, it may be neglected. People elsewhere should do more than they think possible to hel, 





overwhelmed with the problems abounding in the wake of the 





re. 


















ment, and has now spawned a host of other institutior 
same or a similar mould — from the space programme to su 
medium-sized laboratories such as th Physical Resear 
Laboratory at Ahmadabad. The commission’s plans for buil 
nuclear power stations may have been less realistic tha al 
been hoping, but it has offered India a lesson now bein wi 
learned — that difficult technical tasks can be carried throug 
people who are resolute enough, and meticulous, that it 
necessary in the process that each qualified person’s hands shou 
be held up by a small army of assistants and that it is possi 
very large projects to be carried through without the corrup! 
endemic in much of India’s commerical life. The enterpri 
model of how to get good things done. 
In principle, the scientific enterprise is also a model for the ire 
of that common if less corrosive social disease in India — the 
bureaucracy that seems to flourish everywhere. The diffi 
inescapable in a democracy where procedures derive fror 
but need not be as much an impediment as it is in Indi 
difficulty has become a serious problem chiefly because 
who operate the procedures derive power and therefore ple 
from the processing of pieces of paper that determine what oth 
people should do. The scientific enterprise, however, rec 
that it cannot flourish when hamstrung in this way, and 
many places been able to make a dash for freedom. T 
another model that the new government needs to have to ha 
Successive Indian governments’ commitments to the g 
self-reliance (potential self-sufficiency) is more controversial. 
The late Lord Blackett found himself in hot water when he 
declared, when delivering the first Nehur Memmorial Lecture 
New Delhi, that it would be prudent for India to take: fuller 
advantage of the willingness of people and governments. else- 
where to help with the innovation then so plainly necessary, The 
shock is still remembered. There is something in the view, which 
Mrs Gandhi held, that a country as potentially powerful as India 
cannot perpetually be beholden to others. But may this not 
time when a softening of the line would be wise, if only to allow 
those who wish to help have something they can do? 
The problem of the poor is different. Nobody denies. ti 
opinion general in India that a person is not less deserving 
respect because he or she happens to be illiterate. But can 1 
person be as dispassionate, and as solid a member of society,a 
India’s ambitions for democracy would require, if he is mo 
likely to be hurt by infectious diseases or natural catastrophes? 
India may be lucky not have driven bulldozers through its villages 
in some brash attempt to make the country modern, but it is har 
to believe that the enrichment of the poor would be calamitous. 
Ironically, there are many in the technical community of India 
anxious to do more, as Mrs Gandhi, to help with the rura 
poverty. Is this a time to catalyse their energies? 
Governments swept into office in tragic circumstances sich a as 
those in India now are of two kinds — those who change nothing 
for fear that any change will bring more tragedy and those who. 
recognize change to be a way of leavening a sense of shock by. a 
sense of hope. Pandit Nehru and then Mrs Gandhi were. 
persuaded that their scientific enterprise would indeed engender a 
better India. Their successor would be readily applauded if he 
were to ask for still greater efforts from those with whom rests the 
future of Indian agriculture, health and industry. 












































































Outside India, there is also much that can be done. A critical 
unit. of science-in India (Nature 308, 581;1984) provoked a 
stream of entertaining correspondence with a single theme — how 
uch more Indian scientists (at home and overseas) might do to 
‘ip India if they had a chance. May not this be a time for them to 
try a dittle harder? More to the point, may it not also be a time 
when the colleagues of Indian scientists, in India and elsewhere, 
should exert themselves more energetically to help? Nobody 
would. pretend activities such as these would quell communal 
unrest, making it safe for Sikhs to walk the streets again. But both 
parts of the now divided community will need to know that their 
divisions will eventually be submerged in a wider unity. Go give a 
lecture, send a book, write a letter, is too trite for anything but a 
personal exhortation. Governments in the West can do more, and 
should, to help the enterprise along. An intellegent woman’s 
death requires no less. a 


jurope is preparing for adventures beyond the 
tmosphere, but without much thought. 


NCE upon a time (in the early 1960s) Great Britain was a 
isappointed space power (as the saying goes), with a design fora 
cket launcher (called Bluestreak) whose development it could 
not afford to finish. So what more natural, Great Britain said to 
s European neighbours, than that everybody should pool 
sources and set up a common organization (eventually called 
LDO, for European Launcher Development Organization) to 
rescue something from the frustrated enterprise? Everybody also 
reed that space would be expensive, and so agreed that there 
uld be a common effort on research (whence ESRO, for 
‘opean Space Research Organization). After many adventures 
great deal of poor management provoked by indecision), 
overnments of Western Europe decided that one 
ation would be enough (called ESA, for European Space 
). But all this time, Great Britain knew it could get what it 
anted more cheaply by making a deal with its friends across the 
tlantic (or with NASA, for National Aeronautics and Space 
ministration, an agency of the US government). But then the 
me came when the US government was also short of money, 
nting to spend every penny it could find on other kinds of 
‘Kets, so that it started asking its partners to dig in their pockets 
ell. as its own. But poor Great Britain was by this time really 
or and had nothing at all to spend. And so NASA flew off with 
-rich new friends — France, West Germany and Italy. Poor 
‘eat Britain had no choice but to set up a committee to ponder 
tito do. 

‘his is how legend will encapsulate the developments last week, 
| Britain and on the mainland, in European policy on space. The 
use of everybody's difficulty is NASA’s request for paying 
articipants in the manned space platform. France, West 
ermany and Italy have it in mind to reply with a counter- 
‘oposal, one likely to satisfy NASA’s need to show to Congress 
at people elsewhere are prepared to help. Britain’s trouble is not 
merely that the Science and Engineering Research Council 
ERC) which would normally have an important say in such a 
ect, is just now wondering which parts of basic science should 
abandoned, but that the government as a whole is having to 
ide from which of two or three ministries to extrac t a further 
000 million of spending money. The mainland, long since 
tient, will be exasperated. 

The moral in the tale is, however, simple. The Richmond 
mmittee (see page 92) has advised SERC to throw its lot in with 
A because its terms of reference were too narrow to allow a 
re-adveniturous proposal. What happens to British space 
licy inthe next ten years is, however, beyond the competence of 
grant-making agencies. The government, not the council, should 
now decide what should be done, preferably in concert with its 
European partners, say what it intends to do and then stick with 
its decision, Making such a decision would no doubt be hard, but 
not making one will have even more serious consequences. Cl 
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Grandstand medicine 


Baboon’s hearts are not taboo for people, 
but medicine which is not essential is wrong. 


THE baboon-heart transplant performed on a critically ill infant 
at Loma Linda Medical Center in California is disquieting. As a 
medical milestone, to be sure, it isa remarkable accomplishment. 
Conceivably, it will someday even be a genuine treatment for the 
1 in 3,000 infants born with hypoplastic left heart syndrome, the - 
uniformly fatal. defect from which the infant in California 
suffered. Moreover, it is important that the causes of disquiet 
should not be misrepresented. The need to sacrific a healthy 
baboon so thata human infant might live is simply not the ethical 
dilemma that animal rightists, with an unfailing nose for the sen- 
sational, are pretending. A society that overwhelmingly. approves 
of eating animals (other than people) would be even more 
astonishingly illogical than usual in its reaction to special cases if it 
were to deny the propriety of using alower animal to save a human 
life. And the mere fact that an animal organ is being inserted in a 
human is an ethical issue only to those whose residue of mytho- 
logical sentiment overpowers their capacity for rational thought; 
is there strictly a difference between the use of pig insulin and 
baboon hearts to make good deficiencies in human beings? 

The serious difficulty over the operation carried out in 
California is that it may have catered to the researchers’ needs first . 
and to the patient’s only second. Over the past seven years, Dr 
























































Leonard Bailey, the surgeon heading. the transplant team, has 


performed 150 such transplants on animals, There.can be no 
doubt that the team was more than eager to try out its technique 
ona human. Dr Bailey’s sincerity and his commitment to helping 
infants born with this and other tragic birth defects is above 
reproach. But it is fair to ask if this was the time to extend what 
Dr Bailey himself calls a ‘highly experimental” operation to 
humans. 

It is not reassuring that the Loma Linda hospital did not even 
check with the California Regional Organ Procurement Agency 
to find out if a suitable human heart was available. (As it turned  ; 
out, one was; it is not known whether it would have proved 





Biet 


compatible.) It is less reassuring that hospital spokesmen first said 
they had not known that a human heart was available, and then 
claimed that in any event it would have taken five days to match 
the tissues of donor and recipient. (According to researchers at 
Stanford University, a major centre for heart transplants, the — 
procedure takes only eight hours.) Bailey then acknowledged that 
a human donor had not been sought because, simply, the purpose .- 
of his experiment was to see if the baboon heart would work, © 
Bailey has been given approval and has been promised support 
from Loma Linda to perform five more baboon-heart transplants _ 
on human subjects. One can only hope that before the next 
operation, the hospital will agree to release its protocols for the 
operation and copies of the informed consent forms that parents 
are asked to sign; so far the hospital has refused todo so. This is 
not nitpicking; although the tesearch isprivately supported, 
Loma Linda should feel an obligation to the scientific community 
if not to the public as a whole to provide reassurance. Otherwise 
suspicions will arise that its: researchers. are playing to the 




















: Trendi ceaich 


Paris 
M: Hupert Curien, newly- appointed 
minister of research and technology in 
France, is preparing to make French 
science policy really work. 
“For three years, French scientists have 
enjoyed close attention, encouragement 
d-even cash from a government which 
aw — and still sees — science as the 
jon’s salvation. But the economic 
ilts have been disappointing, and major 
government programmes in biotechnology 
and electronics, for example, have been 
© eriticized as substantial failures. 
Publicly, Curien does not agree. (‘‘It’s 
«difficult for a minister to admit failures’’, 
he said in his Paris office last week.) But 
within the ministry, he is making a careful 
assessment of the “programmes mobili- 
sateurs’’ set in train by his predecessor, 
` Jean-Pierre Chevènement, in 1982. 
Selectivity is the watchword. The trouble 
with the early dreams was their breadth, all 
of biotechnology, for example, or all of 
electronics. But France has only 50 million 
‘people and, more tellingly, a history of 
ccess in narrow rather than broad tech- 
ologies such'as: nuclear power, space and 
the high-speed trains. Curien’s task must 
“now be to focus the programmes more 
narrowly. 
o> -Curien was previously president of the 
French space agency (CNES) and of the 
European Space Agency (ESA), and he 
recognizes the difficulty. “It is much easier 
to make good central policy in things like 
space, where there are few customers and, 
when you have half-a-dozen programmes, 
you’ve covered all the field.” 
Curien says that while the biotechnology 
programme did not achieve everything, it 
cco greated a number of small companies and 
» developed a view of what French industry 
_ needed todo. So Curien now has to choose. 
‘So far, he has picked agriculture and food, 
where many of the French traditional 
industries (such as wine and cheese) are 
both of great importance to the French 
economy and in very poor contact with 
French science. This must change ‘‘very 
rapidly” if the industry is to remain com- 
petitive. 
o In electronics, similarly, there must be 
rationalization and selection, he says. He 
cites as promising fields software, where 
France is already strong, robotics (‘‘we’ve 
made some advances’’) and computer 
hardware where, says Curien, we should 
xpect a new French product in the mid- 
nge between a microcomputer and a 
icomputer. 
neh researchers should also find 
es with: tore computers next year, 
í rien; He claims to have cut 













































New minister plans for 
selectivity and flexibility 


the Gordian knot which effectively forbade 
French laboratories to buy foreign compu- 
ters while the French industry struggled to 
catch up. This policy has led to serious 


under-equipment particularly in nuclear’ 


physics groups. But from next year, says 
Curien, groups will be free to buy 
computers which are ‘‘essential’’ for their 
laboratories if they will not be available “‘in 
the coming years” in France. 


Curien is also seeking more money for. 


industrial research, both from industry 
itself and from banks, ‘‘There is still a large 
gap between the [1982] plans and reality.” 
France will have to make a “‘big effort” to 
catch up with Japan or even West 
Germany. In the big companies it is a 
question of rate; in the small, that they do 
no research at all. The big companies can. 
be influenced from Paris but Curien says 
the government encouragement of regional 
science policy is beginning to have 
important effects on the smaller enter- 
prises. Curien is also consulting the banks 
about legal obstacles to raising risk capital. 
In France, a person once bankrupt is 
forbidden from ever running a business 
again. 

The minister also plans to raise the 
political temperature of science again next 
year (cooler now than in the Chevénement 
years) by staging a major debate on French 


„searchers, or the ageing of th 


law but has kept up a respectable 3.pe 


recruitment must be managed. 





“(such as industry). Curien. hopes s 


cend not too many parachutes will h 


research and development in the Natio 
Assembly. The topic, ostensibly, 
that of what-is to be done in 1985 wh 
Chevénement’s 1982 law on the orientatio 
and support of French science comes t 
end of its term. “It may be a new. 
may not’’, says Curien noncommitta 
One possible theme is a linkage between 
ministry of research and technology and 
the Administration du Plan, the Fren 
ministry that makes long-term “plans” | 
France with a considerable degree 
independence from the president or 
minister — and d sometimes equali i 
dence from effect. 

Another key issue for Curien i 
chestnut of finding jobs for: 


























community. So far France has not 
4.5 per.cent recruitment target of 










but even this cannot go on, says C 
“We cannot solve this problem by creati 
new jobs every year. We must havea 
policy.” In 10 years the problem 
change as the “recruitment bulge?” re 
but the bulge comes at different ti 
different agencies so that retirement 






















Curien says that making the scientists 
civil servants (in a new employs 
contract to. be published soon) “£ 
the situation’. The point is that th 
contract will give researchers “* 
chute’? — a guarantee of their-ol 
back — if they shift into somethin 


cause movement and, no doubt, that ir 


be used. Robert Walgate 





West German research 


Industry favoured by budget 


Aachen 


THE budget of the West German Ministry. } 


for Research and Technology, which forms 


70 per cent of the total government civil | 


research budget, is to be increased by 3 per 
cent in 1985. This is more than the growth 
in the national budget (1.2 per cent), and 


reflects the attempt of the government to | 


keep abreast of new technological 
development. 

The distribution of the budget of DM 
7,250 million clearly demonstrates the 
government’s intention to promote indust- 
rial research efforts. Whereas support for 
the reactor in Hamm has been reduced by 
6.1 per cent, industry will be given 
increased support, both directly through a 
28.5 per cent increase in research subsidies, 
and indirectly, through a reduction in taxes 
and financial support for research 
projects. 

Particular encouragement is given to the 


employment of young scientists by.. 


companies with fewer than 3,000 
employees and a yearly turnover of less 
than DM 300 million. Sixty per cent of the 


salaries of new research staff will be paid 


ha 150 per cent is foreseen: Di 




















for. 15 months when these condit 


laboratories to academic laboratories. w 
also be supported to stimulate transfer 
information between the sectors. 


supported research institutes, whi 
absorb more than one-third of the whol 
budget, are expecting an increase of 5.3 pe 
cent, Furthermore, Dr Heinz Riesenhu 
the Minister for Research and Technology 
stresses the need for adequate research int 
the consequences of new technological 
developments. In the face of the ‘effect o 
pollution on the forests in Germany, 
efforts are to be made to evaluate a wide 
range of developments, from the use-of . 
methanol as a fuel to the value of the 
electronics industry in improving the 
employment market. A 122 per cent 
increase in funds for such studies i 
anticipated, Jürgen Nerte 





ington 

FORTS by the US Congress to create a 
new arthritis institute and anew nursing in- 
tute at the National Institutes of Health 
NIH) have been blocked. President 
Reagan last week vetoed a controversial 
1H reauthorization bill passed in the last 
‘ew days of the 98th Congress which, be- 
ides creating the new institutes, would 
ave required the appointment of disease 
evention directors and a formalized NIH 
policy on matters as different as the use of 
perimental animals and investigation of 
ntific fraud. Because Congress is not 
n session, the so-called “pocket veto” 
annot be overridden. In hismemorandum 
of disapproval, the president said the bill 
vould create expensive new organizations, 
titutionalize over-specific research and 
ace. undue constraints on executive 
anch authorities. 

The: bill; which had received wide bi- 
rtisan support in Congress, was the 
mination’ of a two-year effort by Re- 
esentative Henry Waxman (Democrat, 
Angeles) to introduce more congres- 
al control over NIH. Waxman last 
k described as ‘‘callous and insensi- 
the president’s veto of a bill that 
“improve our ability to find a cure 
‘cancer, arthritis and stroke”. 

‘he reaction at NIH, however, is likely 
one of unmitigated relief. While some 
bill’s provisions would merely have 
| statutory authority to guidelines 
eady in use, others were seen as un- 
arranted meddling in NIH’s internal 
ffairs. The creation of the new institutes 
particularly opposed, on the grounds 
hat it would introduce new administrative 
sts to little effect. The president’s veto 
es not threaten existing NIH pro- 
imes, which can continue to operate 
‘they have since 1980) under the general 
thority of the Secretary of Health and 
uman Services to conduct and support 
arch. Congressional aides said after 
t week’s veto was announced that there 
still widespread interest in reauthorizing 
and that the veto will dissuade a 
ire Congress from moving to pass 
imilar legislation. Some predicted that 
arts of the now-dead bill will be resur- 
ected in a new legislation next year. 

The compromise version of the bill that 
tually emerged from a House-Senate 
ference represented a considerable 
tering-down of Waxman’s original pro- 
osals:. The requirements placed upon 
institutes to undertake specified. kinds of 


















































nediate impact in some instances. The 
ili would also have established a plethora 
i statutory bodies to oversee research in 
ferent areas. Present regulations on in 
itero- fetal research would have been 
encoded in law, as would the requirement 
or peer review of research grants. 


esearch would nevertheless have had an | 


sequencing machine (Nature 307, 


eagan vetoes busybody bill 


The bill had included a provision to set 
up a Congressional Ethics Advisory 
Commission to study human genetic en- 
gineering and fetal research, to have been 
modelled on Congress’s Office of Techno- 
logy Assessment. Despite last week’s veto, 
preparations to establish an advisory com- 
mittee of some sort are going ahead: it is 
not yet clear what sorts of legal authority 
are required for different functions of an 
advisory committee. 

One of the few parts of the authorization 
bill that NIH is sorry to lose is that relating 
to use of experimental animals. The re- 
quirements were almost identical with new 
guidelines already being implemented by 


NIH, bit a egal obligation. to follow the < 
guidelines: would have allowed NIH to 















defend itself more strongly against organi- = 


zations protesting about the use of animals 
in research. ee 
The separate appropriations bill for NIH 
also passed recently by Congress is still 
waiting for the president’s signature. 
Congress awarded NIH $5,100 million for 
fiscal year 1985, an increase of 14 per cent 
on the previous year, considerably more: 
than the administration's request. There is 
however little reason for the president to ` 
veto the appropriations bill, because a 
back-up appropriation for NIH included in 
the continuing resolution provides an iden- 
tical sum. For the time being, at least, it 
seems that NIH has succeeded in both 
having its cake and eatingit. 
Tim Beardsley 





Molecular science 


Japan’s next target — biology 


Tokyo 

A THREE-YEAR project to develop in Japan 
a whole new set of automated tools for 
molecular biology and cancer diagnosis is 
about to be launched, The Science and 
Technology Agency (STA) hopes for rapid 
government approval for a plan to apply 
Japan’s skills in electronics and precision 
manufacturing in this field. 

Overall expenditure for the project is 
expected to run to around Y2,000 million 
($8 million) with Y618 million ($2.6 mil- 
lion) allowed for in the first year. The 
money will come from the special co- 
ordination funds of the Council for Science 
and Technology, Japan’s highest science 
policy-making body. 

Announcement of the project comes just 
as Prime Minister Yasuhiro Nakasone has 
agreed to give top priority to cancer 
research in next year’s budget. Since he 
gave his approval to a ten-year programme 
for cancer control last year, several of the 
science ministers have announced new 
plans — and new funds — for cancer 
research (see Nature 310, 264; 1984), Now, 
Nakasone seems to have given tacit 
approval to an overall 17.8 per cent 
increase in funds for the next fiscal year. 

The overall chief of the new STA project 
will be Dr Toyozo Terashima, deputy 


| director of the National Institute of Radio- 


logical Sciences. There are two main 
themes: technologies that can directly 
facilitate research into the molecular 
biology of cancer, and technologies of use 
in the diagnosis and therapy of cancer. 

In the first theme, attempts will be made 
to speed up several routine but time- 
consuming procedures of the molecular 
biology laboratory. A good part of the 
research will be performed by industrial 
companies, in cooperation with university 
and government research institutes. 

Watch-makers Seiko will continue 
development of an automatic DNA 








193; 


1984), while film-makers Fuji Photo will 


improve their new gels for DNA electro- 
phoresis. The chain of events may then be «© 


completed by electronics giant. Hitachi; 
trying to develop computerized equipment 
to read the gel electrophoresis pattern. 
Meanwhile, a large chemical manu- 
facturer, Toya Soda, will develop equip- 
ment to extract specific DNA fragments 
from a DNA mixture and tackle the dif- 
ficult task of building an automatic amino 
acid sequence analyser. And Japan 


Electron Optics Laboratory will attempt to... 


develop technology to analyse the three.” 


dimensional structure of protein-DNA > 


complexes using electron beams. 

Another goal is to find new ways of 
introducing DNA into cells: earlier this 
year, agroup at STA’s Institute of Physical 
and Chemical Research (RIKEN) devel- 


oped a system for opening tiny holes in cell >) 


walls using a very brief laser pulse. In the 
one-second interval before the hole closes 
spontaneously, DNA from the surround- 
ing medium can enter the cell. Further new 
systems, using both viruses and very short 
high-power electric pulses, are now to be 
tried out by a pharmaceutical company, 
Dai-chi Seiyaku. RIKEN and the Tokyo 
Metropolitan Institute of Medical Sciences 
will also try new techniques to extract and 
purify very small amounts of protein 
produced with the proliferation of cancer 
cells. New assay cell culture systems for 
oncogenes will be developed at the Tokyo 
Medical and Dental University. 

In the second part of the project, RIKEN 
and the National Institute of Radiological 
Services will commence work on the analy- 
sis and synthesis of glycoproteins located 
on the surface of cancer cells, and the 
Electrotechnical Laboratory on computer 
tomography for the detection of cancer. 
Finally, the huge Sumitomo Electric 
Company is to seek ways of speeding up 
production of monoclonal antibodies, 

Alun Anderson 






Genetic manipulation 


Washington 
<THE US government has quietly conceded a 
< major claim in the lawsuit brought by anti- 
--genetic-engineering activist Jeremy Rifkin 
-»to-halt field trials of recombinant micro- 
_ organisms. 
Last May (see Nature 24 May, p.296), 
istrict Judge John Sirica placed a pre- 
lim ary injunction on all such experiments 
upported by the federal government, and 
in particular an experiment planned by 
Steven Lindow of the University of Cali- 
fornia at Berkeley to test the ability of 
netically-engineered bacteria to protect 
otato plants against frost damage. Sirica 
uled that in approving that experiment, 
Recombinant DNA Advisory Com- 
mittee (RAC) of the National Institutes of 
Health (NIH) had failed to satisfy two legal 
requirements: it had not conducted a 
< formal environmental assessment of the 
“experiment, and it had not prepared a 
much lengthier environmental impact 
“statement on the entire programme of 
environmental release of recombinant 
DNA. 
; In an appeal filed with the US Circuit 
¿Court of Appeals in Washington, the 
overnment has now indicated that it will 
è an environmental assessment of 
w experiment and any others 
‘elease to the environment. The 
ernment is continuing to appeal against 
Sirica’s finding that what is called a “‘pro- 
grammatic impact statement” is required. 
In a separate appeal, the University of Cali- 




































(TH concede part of Rifkin suit 


fornia is challenging both requirements. 

According to Bernard Talbot, deputy 
director of the National Institute of Allergy 
and Infectious Diseases, the NIH institute 
that contains RAC, attorneys of the 
Department of Justice had pressed NIH to 
drop its opposition to the environmental 
assessment requirement, feeling that the 
government's case would be much stronger 
if it were limited to the issue of the future 
programme. The government argues that 
there is in fact no “programme” of release 
to the environment, and that the proposed 
experiments are so. widely different that a 
case-by-case approach is the only one 
possible. 

The Office of Recombinant DNA 
Activities at NIH has already begun to 
compile an environmental assessment of 
the Lindow experiment, but NIH officials 
make it clear that they consider the exercise 
meaningless, fulfilling a formal legal 
requirement without adding anything of 
substance. The Lindow experiment was 
debated at two public meetings of RAC, 
and was revised in response to concern 
expressed by the committee. NIH appear to 
be hedging their bets by agreeing to go 
ahead with the environmental assessments 
at this stage. And with the University of 
California continuing to press the full 
appeal, the government clearly had little to 
lose. 

Although Sirica’s injunction specifically 
exempted experimental proposals from 
commercial companies — which have been 





Gloomy outlook for young neuroscientists 


Los Angeles 
AS the US Society for Neuroscience held its 
14th annual meeting in Anaheim from 10 to 
15 October, there was talk in the corridors 
of great frustrations and dashed 

expectations. 
But the subject did not revolve around 
difficult research questions in neuro- 
science. Rather, it applied to scores of 
young scientists who are dropping out of 
the discipline because financial support 
: and job prospects are woefully inadequate. 
Neuroscientists are not the only group to 
complain about support for the students 
they train. But, argued Dr Dominick 
- Purpura, last year’s society president, 
. because neuroscience is reaping great intel- 
~ dectual rewards, it is attracting many of the 
` brightest and best students in US uni- 

versities. 

Once trained, the young neuroscientist is 
faced with “incredible competition”, Dr 
_ Purpura said. “Many universities will take 








a young scientist for one or two years, 
yhereupon the scientist must provide his or 
er own financial support. But the young 
mpeting against established people 
ted funds. There isso much compe- 





tition that people are disheartened and 
drop out.” The job placement centre at the 
meeting interviewed 1,200 candidates for 
fewer than 250 jobs, mostly postdoctoral 
appointments without long-term security. 


Unfortunately, 


will be given 


ppor tuAity to ee, 





The National Institutes of Health and 
the National Science Foundation together 
support 85 per cent of research in biology 
and biomedicine, Dr Purpura said. ‘“They 
are $50 to $100 million short in grants 
that might allow young neuroscientists to 


get astart. Sandra Blakeslee 









What, no uranium? 
Canberra 24 
AUSTRALIAN exports of uranium ox! 
France are likely to stop for at least tw: 
years. The Australian Minister fo Re- 
sources and Energy, Senator Walsh, < 
nounced last month that the first eig! 
shipments of yellowcake that were to h 
been sent to the French power comp 
Electricité de France under a contract y 
the Nabarlek uranium producer, Quee 
land Mines Limited, will be defer 
because of the continuation: of m 
testing at the French underground sit 
Muroroa Atoll, in the south cent 
Pacific. 

This is in line with the Australian: 
ment’s ban on uranium sales- to Franc 
confirmed during the Labor Par 
national conference in Canberra i J 
when a vote to continue mining and exp 
of uranium. was carried (see Natur 
August, p.354). The first shipment (d ei 
October) would have been 100 tonnes | 
yellowcake valued at $A6 million. Th 
Australian government has agreed to pun 
chase the first eight contracted shipment 
at the original price, but Queensland Min 
is obliged to repurchase the uranium 
circumstances permit’’. This is interpre 
to mean if and when the French stop tes 
nuclear weapons in the Pacific. 















































































submitting them to RAC for approva 
voluntary basis only — NIH direc 
Wyngaarden has ordered that environ 
mental assessments be carried out for thes 
as well. At its June meeting, RAC: 
proved two. commercial proposals’ fror 
Advanced Genetic Sciences (AGS) - 
almost identical to the Lindow experimen 
Once the Lindow document is completed 
it should be a quick matter to prepare fo 
the AGS proposal, and that experime’ 
should be clear to go ahead by next spring 

The appeals court is scheduled to he: 
the case on 5 December. Although th 
appeal is technically on the preliminar 
injunction only, for practical purposes th 
court’s decision will decide the entire cas 
If the appeals court upholds Siric 
decision, the government will probabl 
concede the case rather than letit drag ont 
a near-certain outcome. 

Rifkin. was notably unsucestfil® © 
another front last week, RAC unanimou 
rejected his proposal to ban all transfer. 
genetic material from one mammal 
species to the germline of another. The 
committee noted the benefits that. su h 
research holds for the study of cancer an 
other diseases. Researchers at. th 
University of Pennsylvania have alread 
successfully inserted the gene coding fo: 
human growth hormone into mice ent 
bryos, and are planning similar experi 
ments on sheep; RAC also noted the pos 
sible benefits that such research would. 
bring in more efficient food production 










































anese technology 


APAN’s Ministry of International Trade 
and Industry (MITT) last week took the 
emarkable step of inviting foreign repre- 
entatives to attend a joint meeting of two 
‘of its key councils concerned with the 
planning of research and development 
jects. 

“A major new bill to promote high tech- 
ology research is in preparation (see 
“Nature 310, 614; 1984), and MITI seems 
‘anxious to sound foreign opinion before 
resenting. the bill to the Diet. What 
emains unclear is whether the meeting will 
urn out to have been a sop to those feeling 
threatened by MITI’s new plans or a first 
in an initiative to encourage inter- 
ional research cooperation. For the for- 
igners, at least, the hope was that this 
nild-be the first of many meetings. 

he two councils, the Industrial Tech- 
‘ology Council and the Industrial Struc- 
‘Council, between them play the major 
deciding the thrust of MITI’s big 
search and development projects. All too 
l; ‘these projects have been fiercely 
riticized by foreign governments for 
argeting’’, or for aiming to use the 
onibined strength of government and 
idustry to achieve Japanese technological 
nation in some highly profitable area. 
ecent: projects have evoked strong 
ctions worldwide. Those under way at 
moment include the fifth generation 
omputer project (which has frightened 
any“ advanced nations into launching 
ir own ‘‘artificial intelligence” pro- 
rammes); an optoelectronics project 
igned to rid optical fibre circuits of relay 
lectronics through the use of optical 
itching; the massive sunshine and moon- 
ight projects intended to exploit new 
nergy sources (geothermal, solar and bio- 
ass) and to find new ways of conserving 
nd storing energy; a host of projects on 
oying industrial performance through 
se of robots, flexible manufacturing 
ystems equipped with lasers and com- 


chines: and long-term projects aimed at 
ew ceramics and superlattice semi- 
onductors. 
The first MITI project that really evoked 
foreign discontent, however, was the VLSI 
ery large scale integrated circuit) project 
a. from 1976 to 1980 and which 
olved 100 researchers from the seven 
rge computer manufacturers, MITI’s 
n-electrotechnical laboratory and the 
telecommunications monopoly NTT’s 
electrocommunications laboratory. Virtu- 
all aspects of the production of micro- 
chips were investigated, seven hundred new 
inventions were patented and within.a year 
of the end of the project, Japanese manu- 
facturers had seized 70 per cent of the 
world market in 64K random access 
memories (rams) and were leading world 


ITI seeks friends from abroad 


research in the production of 256K rams 
and 1 megabit microchips. 

US electronics companies sent reeling by 
this assault on their markets vigorously 
protested that the pooling of competing 
companies’ research resources was unfair 
— particularly as their own anti-trust laws 
would have made a similar strategy impos- 
sible. Japanese companies on the other 
hand show little respect for the value of the 
MITI project, and instead attribute success 
in the world microchip market not to a 
mythical “Japan Inc.” but to the fierce 
competition among themselves to produce 
the finished item as cheaply as possible. 

Since that time, there have been regular 
demands from the United States to allow 
foreigners to act as witnesses, or even 
participants, on Japanese government 
research councils. While this may seem un- 
reasonable interference in another govern- 
ment’s deliberations, the United States 
says it seeks only a clear understanding of 
new legislation before it can cause indus- 
trial hositilities. In Japan that means seeing 
the legislation before it is submitted to the 
Diet which can hardly be considered a 
major forum for debate when more than 








eighty T per cer bills pass without any 
amendment whatsoever. (The general pro- 
cedure is that a consensus is worked: out 
behind the scenes before a bill is ever 
presented.) 

In the event, the representatives invited 
to the MITI councils’ meetings — fromthe 
United States, United Kingdom, West- 
Germany and France — were from their re- 
spective Chambers of Commerce rather. 
than from embassies. MITI itself made no: 
specific proposals, although suggestions 
have been made that foreign companies 
operating in Japan may be allowed to use 
the new industrial technology centre that 
MITI wants to set up, and that exchanges 
of personnel may be encouraged in areas in 
which Japan now leads the world. Foreign 
representatives were however, given a 
chance to say how international cooper- 
ation might be brought about. 

Other attempts by Japan to encourage 
major international research projects have 
so far yielded little fruit. The series of 
proposals made at the Williamsburg 
summit, such as that for the development 
of new robots to work in dangerous... 
environments, may have hung fire because 
they tried to involve all the summit nations.’ 
Smailer scale projects arrived at through 
bilateral agreement may prove more suc- 
cessful. Alun Anderson 





Britain in space 


Strong links with Europe urged 


BRITISH scientists and grant~making 
agencies are urged to play a fuller part in 
the work of the European Space Agency 
(ESA) in the report of a committee to 
consider future policy. The committee, 
under Sir Mark Richmond, the vice~chan- 
cellor of the University of Manchester, also 
says that its parent, the Science and 
Engineering Research Council, should take 
the initiative in persuading government 
departments to set up a strong coordi- 
nating body for British space research. 
Among academics working in the field, 
the overwhelming reaction is relief that the 
Richmond committee has not advocated a 
retreat from space research. The same 
interests complain that the committee has 
not openly advocated some way of finan- 
cing space research other than by 
subventions from the academic research 
budget. No doubt the committee would 
have been more explicit if it had some 
inkling of what the British government 
would be prepared to spend (if anything). 
The origin of the committee, reflected in 
the arguments of the report now published, 
is the financial pressure of British space 
research in recent years. The committee 
points out that British government spend- 
ing in the civil field is £80 million a year, 
compared with £200 million a year in West 
Germany and £300 million a year in France 
(the main sponsor of the Ariane launcher). 
The committee notes that British scien- 
tists have in the past been able to sustain 





their research by means of bilateral- 
agreements, chiefly with the United States, 
largely on the strength of good science and 
competance in the design and construction 
of instruments. But this period, the com- 
mittee says, is drawing to an end, partly 
because British scientists are no longer 
outstanding among Europeans, partly... 
because they have less to offer in cash as 
well as kind, partly because of some recent 
failures of instruments built for other 
people’s satellites (such as some of the 
detectors of the EXOSAT satellite) and 
partly because of a change of US policy, 
now slanted towards collaboration with 
ESA wherever possible. l 

The Richmond committee acknowledges 
the relatively high cost of international 
collaboration but says that if British 
academic science does not intend to aban- 
don space altogether, it should participate 
more fully in ESA. On particular points, 
the committee recommends a transfer of 
the Science and Engineering Research 
Council’s interests in remote sensing by 
satellite to the Natural Environment 
Research Council and the encouragement 
of British industry to interest itself in 
microgravity experiments. 

The Richmond report has not been for- 
mally adopted by the Science and 
Engineering Research Council. The 
council is probably as embarrassed as the 
committee by uncertainty about the 
government’s financial intentions. aie 
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European space 


NEWS 


Another Franco-German deal 


Paris 

FRANCE and West Germany have reached 
“a very good agreement” on collaboration 
in space and on the European response to 
the invitation to participate in the US space 
station, French science minister Hubert 
Curien said last week. 

No figures were discussed between 
Curien and his German opposite number, 
Heinz Reisenhuber, when they met in Bonn 
on Wednesday, but there was agreement in 
principle that the French should join in 
with the ‘‘Columbus”’ space station project 
proposed by Germany and Italy, while 
Germany would take a share in the HM60 
cryogenic motor under development in 
France for the Ariane-5 space launcher. 

Thus it seems that a continental, Franco- 
German-Italian plan has emerged for a 
space programme for the European 
industry in the 1990s, with the other 
potential major partner, Britain, left on the 
sidelines. Curien was ‘‘sure’’, however, 
that Britain would participate ‘though I’m 
not certain at what percentage’’. British 
government sources have said that the 
nominal 2 per cent that Britain took in 
Ariane would certainly be too small. 

But whatever share Britain takes, it is 
clear that European mainland is now 
calling the tune. No British proposals have 
emerged that could be traded against 
Columbus and Ariane-5 to provide a 
package more suited to Britain. British 
Aerospace’s HOTOL concept of an air- 
breathing, runway-using hybrid between 
the space shuttle and Concorde is too 
distant a prospect to be of use in 
negotiations, and the proposed free-flying 
robotic platform may be too like parts of 
Columbus. 

Meanwhile, Europe’s space scientists are 
attempting a defence of their territory, the 
mandatory science budget of the European 
Space Agency. In principle, the space 
station is part of ESA’s optional 
programme. Microgravity and Earth 
resources research are also optional, 
coming under the transportation and 
applications budgets, but the 
‘traditional’? space sciences of high- 
energy astronomy, magnetospheric 
research and planetary sciences are man- 
datory to ESA members. Space scientists in 
this traditional area fear an erosion of 
mandatory budget — whereas in fact it has 
long been claimed that it should be 
increased. 

Just by chance, the ESA space science 
directorate has now come forward with a 
rational plan as to how that budget should 
grow. Called the ‘‘Horizon 2000” study, it 
was prepared from 77 responses from the 
larger space science institutes around 
Europe to a request for realistic projects 
for the 1990s. Whittled down by an ESA 
committee, it is a proposal for a 50 per cent 
growth in real terms over eight years. The 


programme would be based on four 

cornerstones: 

e A solar terrestrial programme (space 
plasmas) 

@ A mission to asteroids and comets 
including return of material to Earth 

@ A high throughput X-ray mission for 
spectroscopic studies at 0.1-20 keV 

@ A high-throughput heterodyne 
spectroscopy mission to cover the last 
remaining unexplored region of the 
electromagnetic spectrum. 





Such missions would not be in com- 
petition with United States or Japanese 
projects, it is claimed, but could be part of 
a balanced world programme of space 
research, 

The Horizon 2000 study has been very 
well received in West Germany and 
Switzerland, where both countries are 
willing to provide the 7 per cent budget 
increase a year it implies, but other ESA 
members are proving more reluctanct. M. 
Curien, for France, says he might find 5 per 
cent “at a great stretch”, and a clutch of 
other states are talking of a mere 3 per cent. 
Britain has nothing to say just yet. 

Robert Walgate 





Mrs Indira Gandhi 


A sharp-witted democrat 


Mrs Indira Gandhi, killed last week, had 
the sharpest wit. I met her at the end of 
February when her attempt to negotiate a 
settlement of the Sikh rebellion with 
community leaders from the Punjab had 
collapsed. It would have been forgivable 
that she should have cancelled a meeting 
with a visiting journalist interested only in 
her expectations of Indian science. Perhaps 
she welcomed a chance to talk about some- 
thing completely different. 
Disconcertingly, this did not prevent her 
from reading and signing her mail while 
keeping command of the conversation. 
Occasionally, members of her staff would 
creep into her office with messages and 





pa 
would be told what to do by signals, a 
movement of the hand or eye that did not 
interfere with the flow of words. 

There was an awkward moment at the 
beginning, when it seemed as if the Prime 
Minister thought that Nature is a magazine 
devoted to environmental causes; she 
launched on an eloquent speech about the 
beauty of the Indian landscape that 
threatened to use up the 45 minutes avail- 
able. But, when prompted, she changed the 
course of her conversation without batting 
an eyelid. 

Quite apart from Mrs Gandhi's belief 
(taken over from her father) in the import- 
ance of research and development in India, 
she exuded affection for the field and its 
practitioners — ‘‘my scientists’’ she called 
them. Her gratitude to people like 
Professor M.G.K. Menon (who has held 


almost every senior scientific post in the 
government that there is) was evident. So 
was her pleasure at having as colleagues 
people such as Dr T. Koshoo, now 
Secretary at the Department of the 
Environment, whom she had inveigled to 
Delhi over a period of two years. 

Mrs Gandhi was astoundingly know- 
ledgeable about the vast programme of 
research her government mounted. Her 
willingness to visit laboratories and con- 
struction sites was renowned, One conse- 
quence was the high morale of those who 
worked there. 

With some of her problems, Mrs Gandhi 
was plainly impatient. University admini- 
strations had let authority slip from their 
grasp, she implied; they should be more 
vigorous, more like her perhaps. But then, 
visitors from overseas should beware of the 
trap of applying in India the standards con- 
ventional in the West. The real wisdom of 
India rests with the village peasants, hardly 
any of whom can hope that their children 
will find their way to a university. It was 
easy to see how other Indian politicians, 
allies and critics alike, acknowledged that 
her electoral strength lay in the villages. 

So how to reconcile the poverty with 
India’s ambitions in high technology — 
nuclear power, space technology, elec- 
tronics and so on? Mrs Gandhi was elo- 
quent on the theme that a sovereign state as 
powerful as India could not allow itself to 
remain in thrall to the West. ‘‘Look at what 
they did to us over the fuel for Tarapur’’, a 
reference to the ham-handed admini- 
stration of the US Anti-Proliferation Act 
towards the end of the Carter presidency. 

Mrs Gandhi’s demeanour throughout 
this conversation was in my experience 
extraordinary. She was direct to the point 
of being unguarded; no doubt she had 
heard it all before, but she gave no hint of 
calculating what to say. She was practised 
at tormenting the British about colonial 
rule, yet able to talk as a woman of the 
world. She gave no sign of trading on her 
political power. Manners aside, her 
courtesy was her frankness. 

John Maddox 































































gricultural research 


Washington 

The Consultative Group on International 
Agricultural Research (CGIAR) meets in 
‘Washington this week to decide how the 13 
research centres under its control are to 
respond: to continued financial uncer- 
tainty; Exchange rate losses caused by the 
increased value of the dollar, and the grow- 
ing tendency of donors to support specific 
rogramimes judged to bring local benefits 
rather than backing core research, have 
meant that the heady expansion of the 
1970s has been all but forgotten. 

The centres had a total nominal budget 
last year of $180 million, but the failure of 
ome donors to meet in full their commit- 
ments to the centres has, for several years 
nning, left programmes high and dry. 
or- 1985, the CGIAR technical advisory 
committee is requesting a total budget of 
etween $187 million and $199 million, an 
crease of 7-14 per cent on the current 
ear, but actual reductions in 1985 are not 
possible. The traditional supporters of 
‘GIAR — of which the United States is the 
largest. — are under internal pressure to 
‘restrict multilateral aid in favour of 
apport. for bilateral projects, whereas the 
ewer donors have not yet been able to 
ake a substantial impact. The World 
Bank remains the donor of last resort, 
aying the bills that others have failed to 
et. 

The Rockefeller Foundation, which 
unded the first of the agricultural 
search centres (for breeding wheat, in 
fexico) and the Ford Foundation, a 
‘substantial sponsor from its early days, 
have been reducing their contributions to 
the centres in recent years. Rockefeller is 
urning instead to centres outside the 
‘CGIAR system and is to announce a major 
initiative in plant cellular and molecular 
biology before the end of the year, 
tobably based in Mexico. The budget will 
be in the region of $5 million a year, but 
ready some are asking whether the 
Rockefeller Foundation will be able to 
cruit to Mexico enough high-calibre 
scientists to justify this outlay. 
Despite the financial uncertainty, 
CG IAR appears confident that most of the 
centres are still doing a good job. But there 
_ frustration over the plight of some 
frican centres, which have to work with 
‘ten under-developed national program- 
ies. Local interests seek to direct research 
efforts towards strictly local problems, an 
approach which CGIAR feels to be 
unproductive in the long term. The centres 
which have historically been the most 
effective seem to be those with a strictly 
defined mandate, whereas attempts at 
some centres to work on a number of 
different local problems are held to have 
«been less productive. 
The International Centre for Agricul- 
-tural Research in Dry Areas, in Syria, and 








International centres under stress 


the International Livestock Centre for 
Africa, in Ethiopia, are likely to come 
under particular scrutiny this week, and 
there may be attempts to tighten up their 
programmes. Particular attention will also 
be paid to the West Africa Rice Develop- 
ment Association (WARDA) in Liberia, 
which has been under heavy criticism. The 
future of WARDA within the CGIAR 
system appears still to be open to doubt, 
despite some attempts at reform by the 
WARDA management. 

CGIAR has at various times been criti- 
cized for advancing the careers of scientists 





| rather than the fortunes of the developing 


countries it is intended to benefit, The 
criticism is apparently taken seriously, to- 
judge from the number of introspective. 
studies by CGIAR now in progress. Should 
its centres, for example, try to stand in 
place of national agricultural development 
programmes where these are seen to be 
inadequate? There was some agreement in 
preliminary discussions last week that 
centres in different parts of the world- 
should be ready to adapt their strategies to: 
local circumstances despite the dangers. 
There was also an aggreement to adopt a 
plan to foster cooperation between the 
various institutes, including a joint training 
programme in farming systems research. 
Tim Beardsley 





Early success a problem for CGIAR 


Washington 

THE international research centres 
supported by CGIAR stem from a crop 
improvement programme undertaken in 
the 1940s by the Mexican government and 
the Rockefeller Foundation. So successful 
was the project that in 1959 Rockefeller 
joined forces with the Ford Foundation to 
establish the first international agricultural 
research centre, the International Rice 
Research Centre in the Phillipines. In 1966 
the two foundations sponsored the second 
centre, Centro Internacional de 
Mejoramiento de Maiz y Trigo (CIMMYT) 
in Mexico, with two more centres following 
the next year. 

By the late 1960s Rockefeller and Ford 
were each contributing $3 million annually 
to the centres, and it became clear they 
could support no further expansion. In 
1971 CGIAR was created at the suggestion 
of the World Bank to coordinate finances 
of the centres, which now number 13 in all. 





CGIAR, which has a full-time secretariat 
provided by the World Bank in Washing- 
ton, remains a completely informal organi- 
zation with no constitution or charter: its 
decisions are reached only by concensus 
among its members. 

Funding has changed drastically over the: 
past decade. The US Agency for Inter- 
national Development is now the largest 
contributor ($44.5 million in 1983), 
followed by the World Bank ($19 million). 
The International Development Bank con- 
tributed $8 million. The Rockefeller and 
Ford Foundations have both decreased 
their contributions recently together ac- 
counting for less than $2 million last year. 

But the the difficulty for CGIAR now 
seems to be in living up to. the early. 
successes of the first institutes: by the late: 
1970s Mexican wheat was grown on 29 
million hectares of land worldwide, and 
improved rice strains on 25 million 
hectares. Tim Beardsley 


Nature index of biotechnology stocks 





12-Month 12-Month Company Close Close Change 
high low previous 26 October 
month 

14 6 Biogen (Switzerland) 8 7 -1 

2 i Bio-Logicals (Canada) 14 15/16 + 1/16 
14% 5 'hs Bio-Response (USA) 7% 6 -13 
14 9% Cetus (USA) i 10% -3⁄4 
10 % 4% Collaborative Research (USA) 5% 4% -1% 
19% iy Damon (USA) 14% 12s 24 
26% 11% Enzo-Biochem (USA) 1414 18% +334 
104 4 Flow General (USA) 5u 4% ~™% 
4214 2834 Genentech (USA) 30% 9 "be ~1% 
10% 4% Genetic Systems (USA) 6% 6% ~Va 
17% 6% Genex (USA) 9% Th -2% 
23 il Hybritech (USA) 13% 1534 +242 
16% 6% Molecular Genetics (USA) T4 7 -34 
15 8i Monoclonal Antibodies (USA) 10% 10% -44 
60% 207s Novo Industri. A/S (Denmark) — 33", 20 7% -1212 
22% 144 Pharmacia (Sweden) 17% 1614 -1% 





Closing prices are for the last Friday of the month. For over-the-counter stocks, bid price is 
quoted; for stocks on the American and New. York exchanges, the transaction price. Nature's 
weighted index of biotechnology stocks stood at 121 on 26 October, compared with 139 a month 


earlier. Data from E.F. Hutton, Inc. 


CORRESPONDENCE 


a Confusion about Chinese names 


Stk — Richard J. Wang’s note ‘‘Xiaoping 
- first?” (308, 768; 1984) only scratched the 
‘surface of the issue of Chinese family 
names in romanization. In the five articles 
detailing results of the French-Chinese 
-study of the North Himalaya-Tibet area 
~- (308, 17-36; 1984), only the second has 
authors’ names correctly abbreviated in the 
‘table of contents. Admittedly, it is difficult 
. <for the uninitiated to know (or even make 
“an educated guess) at which is the family 
name. 
Confusion begins because the Chinese 
custom in Chinese is to put family name 
so first, the opposite of the European custom. 
Added confusion comes because in 
romanization some Chinese westernize 
“name order (family name last) while others 
_ donot. Further, some Chinese hyphenate 
the given name because it is two-character 
(confusing at first because Europeans 
sometimes take a hyphenated family 
name), while others (particularly in main- 
land China) fuse the romanization into one 
“word”. Still others make three separate 
words for their name, so that the given 
name would be two words, always to be 
used together. This last practice is the most 
` confusing since there is no cue to guess the 
family name; in the other methods, once 
alized ‘the hyphen, or the length of the 
ws the given, and thus the 
ily, name to be identified. Even if oneis 
familiar with the common Chinese family 
“names, there are several distinct, widely- 
used, romanization systems (s0 
Xu = Hsu = Shyu). Further, while pinyin is 
the sole romanization taught in mainland 
China, many Chinese elsewhere are not 
taught any particular system at all, so they 
sometimes show noticeable creativity. 

Knowing common last names in one system 

certainly helps, but not all the time. 
The issue raised by all this confusion, 
particularly in the professional literature, is 
much more than that of slighting persons 
- or cultures. It can and has already created a 

‘mess in indices. For example, to look up 
“articles by Li Tindong in an index or 
abstracting service, does one look up L. 
Tindong, as given in that Nature table of 
contents and index. Or is it T. Li? Ido not 
think it would happen, but if an editor 
insisted on consistency, it could also 
become T.D. Li,or T.-d. Li, or T.-D. Li. 
What is one to do? Even the thought of 
tediously searching each alternative is 
tiring, not to mention expensive if done 
through computer hook-up. 

As an international journal, Nature 
should not be making these mistakes. Even 
after Mr Wang’s letter I found an article by 

. Zhang Yun (309, 547; 1984) listed in the 
table of contents and the mid-year index 
(310, 26 July 84) as Yun, Z. Poor Professor 
Zhang! Filed under first name. Ignorance 
uld be claimed legitimately by my next- 
door neighbour, but by Nature? Clear, fair 
ions to the authors, and clear, fair 


























editorial rules need to be established to 
handle these problems. Tell authors to 
circle family names, or, to indicate that last 
name, with or without hyphen, will be 
assumed familial unless otherwise 
indicated. Then give an example. Errors 
could be picked up, such as where R. Xu (in 
the first of the five articles mentioned) 
inverted his name apparently only because 
it is last in the list, even though it appears 
Nature’s policy not to invert name order 
because of placement in a list of author- 
ship. Consultation with librarians at an 
institute for Asian studies might help. 
After all, Nature does not abbreviate L.M. 
Van Valen as L.M.V. Valen (table of 
contents 5 January 1984). 

Lalso suggest that indices should include 
the full romanized Chinese name. There 
are strong if not compelling reasons to 
support it. First is the lack of diversity in 
Chinese family names. Anyone familiar 
with Chinese names knows how wide- 
spread are a small number of family names 
such as Wang, Chen, Li, Zhou and so on. 
Indeed, in romanization the situation is 
worse than in Chinese because homo- 
phones (same sound and tone, different 
character) are so common. In addition, 
widely-used romanizations do not distin- 
guish total differences, causing further 
redundancy. The only mitigating factor is 


Student fees in Britain 


Sir — When a nation is under financial 
strain, economies are necessary even in an 
important sector such as scientific 
research, which in the long run is one of the 
best investments. One could go further, 
admitting that financial restrictions, to 
some extent, may even be beneficial to 
research, in that they stimulate 
competition, force a better selection of 
people and projects and favour a more 
rational utilization of equipment and 
resources. 

There is one measure, however, to which 
I would like to call your readers’ attention, 
namely, the higher fees imposed on 
university students who are not resident in 
the United Kingdom. Apart from any 
question of reciprocity ( do not think that 
British students are requested to pay higher 
fees in any foreign university), I think that 
such a rule will ultimately damage British 
science. I know a case, by no means unique, 
of a British subject, not resident in the 
United Kingdom, who, having graduated 
cum laude abroad, wanted to study for a 
PhD in Britain. She would have been 
accepted by two leading university 
departments but at a cost of several 
thousand pounds. Asa result, she accepted 
a research assistantship leading to a PhD, 
with an adequate salary, ina department of 
excellent reputation in another country in 
the European Community. 

This is only one example of how foreign 


































































that use of different romanization schemi 
adds some variability. Chinese given na 
are quite varied, but all the points « 
romanization apply here as well. The ha 
of complete fusing of the give 
further reduces variability when th 
name is initialized. So the combinati 
initialling and the commonness-of m 
family names must lead to. im ne 
redundancy. 
Finally, Chinese names are short. 
are three characters — one familial, two 
the given name — a few such as Zhang | 
are two, though a few others are f 
each name. Thus, one would be 
sed to find a romanized Chines 
15 letters. This is not true for nam 
many other languages, for example 
Vamvakopoulous (table of content 
January 1984). Nature has: recogni ed 
since Chinese names are given in ful 
top of all articles. The policy needs 
extended, perhaps not to the table of co 
tents (so people know the family 
but definitely to indexes. 
With. the increasingly large ricinibees of 
Chinese names coming into thè 
scientific literature, there are. 
ramifications for information ‘ret 
not to mention human dignity." 
JA) 
Boston University, 
Biological Science Center, 
2 Cummington Street, 
Boston, Massachusetts 02215, 


students and graduates are. 
discouraged from coming to. 
Gifted students at least, esp 
postgraduate level, should be. 
even at the cost of some money. F 


away with them for life the memor 
country and of the institutions i 
they were trained. This will result. in 
arrival of other young people and in 
selling of equipment and may have | 
greater political implications, Last but n 
least, many of the best will stay. In 
context, there is no need to mention \ 
the United States has gained by recru 
foreign scholars and scientists, i 
their youth. 
I hope this will not be considered 
undue intrusion into the affairs of 
country where I often was and am curren: 
a guest. Indeed, for the gratitude I hav 
what I learnt and received in your.countr 
felt a moral obligation to express . 
disinterested opinion on what seems to 
a very serious matter. 
FIORENZO STIRP 
Department of General Pathology, = 
University of Bologna, 
1-40126 Bologna, 
Italy 
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aviation 

yur leading article on 6 September, 
or show for aviation industry’’) 
plains that *‘civil air transport is not as 
ssible or cheap as it should be” 
erhaps the judgement would be fairer had 
the article ended “as I would like it to be’’. 
The author has clearly not grasped the 
complexity of an airline operation, The 
chnology necessary to take people 
und the world near or above the speed 
‘sound costs money, and to do so safely 
uires one of the most intricate man- 
le systems most of us encounter. Add to 
s the requirement to ensure that flying is 
sitive experience for the customer and 
at there isa reasonable profit and to cope 
with political pressures from many 
vernments. 
a pilot with a major international 
TI would hesitate to comment 
iblicly on the financial wisdom of sub- 


Bs R.J. ANDERSSON 
‘Mountbatten Square, 
sor, Berkshire SL4 ISX, UK 


i hdl + 

dian science 

~~ I would like to add to the 
nations which have been given in your 
ns of the poor quality of research in 
universities and institutes. The 
at many Indian universities and 
ions is a lack of understanding con- 
ing the philosophy of higher education 
a lack. of sincerity on the part of the 


relationship into what often 
mbles a master-servant relationship. 
ny senior scientists from Indian 
ersities and institutes work hard while 
e West but when they return to India 
end heavily on technicians and students 
laboratories. Another contributing 
s that scientists plan frequent long 
the Western institutions. Their time 
dia is mostly spent on collecting money 
aking arrangements for their next 
Fhis situation: deprives doctoral 


oncept of higher education in many 
universities is misunderstood. Com- 


ut in government. support for 


qc research. in Europe and the 
States during the past few years, the 


duct on scierice and technology than in 


many other nations. 








Scientists and 
administrators in India cannot simply sit in 
their offices cursing the poverty of the 
Indian economy. In my opinion, the 
solution lies in increasing the commitment 
of all those involved in science. 

PAWAN K. SAHARAN 
West Virginia University, 
School of Medicine, 
Medical Center, 
Morgantown, West Virginia 26506, USA 


Scientists’ oath? 


Sir — Television dramas such as Threads 
and The Day After make us painfully 
aware of the great power that scientific and 
technical knowledge has for evil as well as 
good. A crucial question is the extent to 
which scientists, as individuals and as a 
profession, accept social and ethical 
responsibility for their research. I suggest 
that scientists, on graduation, take an oath 
or make an understanding that their work 
be for the benefit, rather than detriment, of 
mankind. Though such an oath would not 
legally prevent scientists from working on, 
for example, new nerve gases and new 
nuclear warhead systems, it might make a 
start to the establishment of a code of ethics 
for the scientific profession and bring this 
body into line with older institutions such 
as medicine and the church. Such a scien- 
tific Hippocratic oath might influence 
decisions made by individual scientists and 
a scientific code of ethics might answer an 
increasingly more popular groundswell of 
opinion that scientific ‘“‘progress”’ in toto is 
not worth the associated risks to the 
survival of the human species. 

JONATHON HOWARD 
Department of Physiology, 
University of Bristol Medical School, 
University Walk, 
Bristol BS8 ITD, UK 


Jobs for biochemists 


Sik — Richard Pearson’s article ‘‘Is all 
science vocational?” (Nature 310, 260; 
1984) will no doubt be widely read and 
quoted. As regards the employment of bio- 
chemistry graduates, however, the figures 
obtained by the Biochemical Society, 
which has been conducting an annual 
employment survey for some years, 
indicate a somewhat less gloomy situation. 
Thus, in 1983, 12.4 per cent of new grad- 
uates were still unplaced at the end of the 
year with another 6.3 per cent unknown as 
regards employment. At least 80 per cent 
are known to have found useful occupa- 
tion within 6 months of graduating, such as 
further biochemical training for higher 
degrees (25.4 per cent), biochemical 
employment (25.5 per cent), other further 
studies (9.7 per cent) or non-biochemical 
employment (9 per cent). In addition, 11.7 
per cent went abroad, including overseas 
students returning home and British 
students taking jobs. Given the present 
general difficulties as regards employment 











of both: grai uate an non-graduates, 


these figures suggest that prospects for bio- 
chemistry graduates remain reasonably. 


good and apparently. considerably better 


than for biologists. 
H.R.V. ARNSTEIN 
Biochemical Society, 
7 Warwick Court, 
High Holborn, 
London WCIR SDP, UK 


RICHARD PEARSON REPLIES: 


Professor Arnstein’s letter provides 
valuable information about biochemists 
and highlights the range of employment 
they have entered in the past. However 
when making comparisons between 
subjects for example with biologists, it is 
important to compare like with like and to 
use common databases as was done in my 
article. While the statistics are capable of 
different interpretations, cross-referencing 
one source to another can lead to inappro- 
priate comparisons. 


Animal antibiotics 


Sir — In the article by Stephen Budiansky 
on the emotive subject both sides of the > 
Atlantic, “Are antibiotics in animal feed 
a threat to human health?” (Nature 4 
October, p.407), a few statements cannot 
pass unchallenged. 

For instance, the statement* that ‘‘none 
of the bacteria residing in the gut of farm 
animals is resistant’? is just not true!, 
Rather than looking for evidence that 
animal pathogens constitute the source of - 





R plasmids for human pathogens, as is 
suggested, evidence already points to the R- © 


plasmid-carrying indigenous flora in the 
animal gut as the main reservoir?. This 
reservoir is being selected continously by 
the use of antibiotics for whatever purpose. 
The present debate, therefore, hinges on 
whether or not subinhibitory, rather than. 
prophylactic or therapeutic, levels of anti- 
biotics play the major role. 

Further, the suggestion that the energy 
cost to bacteria of carrying R plasmids 
places them at a disadvantage is not scien- 
tifically substantiated. Itis now recognized 
that many plasmids are stable entities of the 
bacterial cell. Also, antibiotic resistance 
determinants are sometimes genetically 
linked on the same plasmid with virulence 
determinants? and consequently 
antibiotics select for both types of 
determinants. 

A.H. LINTON 
Department of Microbiology, 
University of Bristol Medical School, 
Bristol BS8 ITD, UK 


i. Linton, A.H. Fer Ree, 108, 328-331 (1981). 

2, Linton, A.H. & Hinton, M.H. in Antimicrobials and 
Agriculture (ed, Woodbine, M.) 533-549 (Butterworths, 
London, 1984). 

3, Timoney, JF. & Linton, A.H. J. appl. Bact. §2, 417-424 
(1982). 


*This should have read “not all of the 
bacteria. ..’’, but was inadvertently 
changed. in the editing. — Editor, Nature. 





AIDS casts a longer shadow 


_ The good news is of rapid progress in describing what seems to be a new virus — the bad news, preg 
_ of heterosexual transmission and of the mounting prevalence of antibodies. 


- WHILE no patient has yet been cured of the 
_ disease called AIDS (for acquired immune 
_ deficiency syndrome), it is proper that 
_ there should be full-hearted celebration at 
what. has been done to understand the 
mechanism of this infection. That is one 
legitimate response to the appearance of 
‘the latest contribution from Dr Robert 
allo, at the National Cancer Institute, 
and his associates there and elsewhere, in 
France as well as in the United States (see 
| page 166, this issue). The latest develop- 
» ment is that Gallo has been able to clone 
-DNA copies of the RNA genome of the 
virus, called HTLV-II] (for human T-cell 
i leukaemia virus), which was identified as 
-the causative agent of AIDS only a few 
months ago. Presumably it is now a matter 
of weeks, not months, before the full 
‘nucleotide sequence of the 10,000 or so 
ini the genome is known. Quite soon, 
so be. known whether the 
S will be effective. 
een the succession of 
s saga that it is easy to forget 
‘that the disease was first recognized only as 
= recently as 1981. Inevitably, hindsight 
showed that the disease was not entirely 
novel — people had been dying from it for 
at least a couple of years. The chilling 
-feature of AIDS was, and remains, the high 
mortality among those affected. In 
advanced societies, there is still no basis on 
which to deny that those frankly infected 
willin due course die, usually of some other 
infection or from Kaposi’s sarcoma. That 
|. the disease, for the time being, is largely 
-i confined to a few groups of people (male 
- homosexuals, those who inject themselves 
_ with narcotics and those dependent on 
“blood transfusions, haemophiliacs 
` especially) does not make the social 
~ problem less serious or even allow those not 
in one of the groups at risk to congratulate 
themselves that they will never come to 
harm. If, as is probable, HTLV-II is a 
- virus to which the populations of advanced 
societies are still naive, it is understandable 
that it should first infect those to whom 
transmission is easiest. By the same logic, 
spread will eventually be more general. 
AIDS should be everybody’s worry. 

That is another reason for marvelling at 
othe speed with which so much has been 
earned about the virus, and at the luck that 
AIDS did not strike ten years earlier, when 
t would have been much more difficult to 































ecognition thar ; an almost 


invariable accompaniment of overt AIDS 
is an altered balance between the T 
lymphocytes called ‘‘helpers’’ and 
“suppressors”. (There are fewer helpers.) 
These white blood cells are concerned with 
the regulation of the immune response in 
ways that are by no means clear. But ten 
years ago, even the distinction between 
helper and suppressor cells had not been 
established. 

For the rest, the development of the 
present understanding of AIDS, and the 
description of HTLV-II, has followed the 
path that would have been expected of 
classical virology — but at an enormously 
accelerated pace. Gallo’s group was able, 
in 1981, to hit the ground running because 
of the experience it had acquired in its 
investigation of the virus now known as 
HTLV-I, responsible for the disease called 


adult T-cell leukaemia, first recognized in 


south-west Japan but then among 
Caribbean and some African populations. 
That also upsets the balance between 
helper and suppressor cells, so that it is not 
surprising that Gallo and his associates can 
now also report that the genetic structures 
of the two viruses have much in common 
but are also distinct. If that investigation 
had not been fresh in their minds, itis hard 
to think that Gallo’s group could have 
made such rapid progress. 

But Gallo has not been the only 
investigator in the field. Professor Louis 
Montagnier’s group at the Institute 
Pasteur in Paris was formally the first to 
announce that AIDS is caused by a 
distinctive virus, in May 1983. That virus, 
christened LAV, has now been shown to be 
indistinguishable from HTLV-II, and is 
also being produced by an infected 
cultured cell-line. There is even said to be 
some tension between the two groups. In 
August this year, Professor Montagnier 
wrote (see Nature 310, 446) in terms 
suggesting that he and his associates feared 
they would be overlooked in all the atten- 
tion being paid to Gallo’s fast-moving 
high-tech enterprise. That would be absurd 
as well as unjust, for in spite of what has 
been learned, so much remains to be 
learned about the biology of AIDS that 
everybody’s energies will be needed before 
we are safe. 

Mercifully, there is movement even 
towards that goal. Gallo and his associates 
have reported (Science 226, 447; 1984) the 
presence of HTLV-II] in the saliva of 
apparently healthy male homosexuals and 


in that of people suffering from what is 



























































called ARC, or AIDS-related cones 
(which may or may not be an early form o 
the disease). They have also recoverec 
HTLV-II from the semen of two All 
patients (ibid., p.449). Guesses at i 
method of transmission by male hom 
sexuals.are thus confirmed; the bad new 
that. apparently healthy people can. 
carriers (and presumably transmitters). 

It remains perplexing that so little can 
at present be made of the prevalence of 
antibodies against HTLV-HI among 
apparently healthy people. Most AIDS 
patients carry antibodies against the virus, 
suggesting that their first response to inf 
tion was normal, but that their immun 
system was eventually overwhelmed. There 
seems to be abundant evidence (little o] 
published as yet) that the presence of anti 
bodies is widespread among the grou 
tisk. Only a proportion of those infect 
HTLV-II] may succumb to AIDS, bu 
the long lapse of time (perhaps four 
between infection and overt disease, it 
not yet possible to tell how many of th 
will develop AIDS. Only prospe ive 
studies can serve. 

Montagnier and the other members: of | 
Franco-Belgian team have made an in 
direct and preliminary start on this part o 
the problem, Working in Zaire (once p: 
of the Belgian Congo), they have traced th 
origin of the first AIDS cases presentin; 
themselves at hospitals in Belgium in. 1981 
It now emerges (Brun-Vezinet et al. 
Science 226, 453; 1984) that as muchas five _ 
per cent of the population of Zaire ma 
carry antibodies. By using sera kept. 
hospital refrigerators from earlie: 
investigations, it has been possible to date 
one case of AIDS to 1977. The same team 
(Piot ef al, Lancet ii, 65; 1984) has founc 
unambiguous evidence of heterosexual 
transmission — and an annual incidence o 
AIDS as high as 20 per 100,000. 

On the face of things, AIDS is never 
theless a new disease. Its nearly simult 
eous appearence in Zaire, Haiti and the’ 
United States suggests that HTLV-HLitself. 
is a novel virus, presumably derived from 
something like HTLV-I. But how? And 
why does infection have a profound effect’ 
on only one class of T cells? Why should 
Kaposi’s sarcoma, normally rare, be such a 
common sequel? 

For the time being, these questions are” 
wide open. But we are fortunate that Gallo. 
and Montagnier were so quick off the- 
mark, and that they and others now have 
the techniques they need. John M x 





om A. Keller and J. A. Odell 


VEN minute quantities of long-chain 
molecules can dramatically influence the 
_flow properties of liquids to which they are 
added, an effect that has many practical 
applications. However, limits are set on the 
isefulness and range of applications of 
‘polymer additives by the fact that the 
longest polymer chains are more effective 
-butare also most likely to break during 
iow. Horn and Merrill ' report on page 140 
of this issue that such degradation of long 
lexible polymers subjected to turbulent 
low. conditions occurs by breakage at the 
idpoint of the molecules. Such appar- 
ntly simple. observations of degradation 
re also providing an insight into the 
lecular processes underlying many 
roblems in fluid transport. 
The countless examples of the use of 
polymers to modify fluid flow range from 
hixotropic (‘non-drip’) paints to engine oil 
iscosity enhancers. The energy required 
to pump liquids in turbulent flow can be 
uced by up to 70 per cent (‘drag- 
uction’) by the presence of a few parts 
r million of flexible long-chain mole- 
les*; this has found practical applica- 
ons in pipelines, heating systems and 
wage disposal. Recently polymeric air- 
raft fuel additives have been developed to 
vent fuel from ‘misting’, thereby dra- 
atically reducing the risk of fire in the 
vent of accident’. 
The scientific approach to these effects 
has. mostly been that of formal macro- 
opic hydrodynamics. Explanations on a 
lecular level have been proposed but are 
ely untested. A common hypothesis is 
the effects are associated with the 
‘ching out of flexible long-chain mole- 
s:in the course of flow. Since this 
acess absorbs energy it could suppress 
‘oplet formation in misting, or defuse the 
leation of critical vortices during tur- 
lent flow. 
The earliest predecessors of Horn and 
rrill’s observation of midpoint scission 
polymer molecules concern DNA**, 
ch is not a highly flexible chain, but a 
rather rigid worm-like entity. Clearly a 
: igid rod-like molecule in any flow field will 
rience the greatest force at its centre, 
that midpoint scission can be antici- 
ed. But the more common flexible 
olecule ‘chains are initially present as a 
angle (random coil) and their scission 
ould -be expected to occur randomly 
ng the chain. Only ifthe molecule is first 
ightened out can it be expected to 
shave as a rod and break at midpoint. 
The- systematic achievement of full 
retching of chains through flow is by no 
~ means trivial, as coriventional simple shear 
flows (such as laminar flow in a capillary or 
between rotating concentric cylinders) 













































‘urbulence splits polymers 


merely distort the coil but do not straighten 
the chain. Instead, it is necessary to use 
special elongational flow systems in which 
there is a uniformly accelerating flow of 
very high velocity gradient {strain rate). 
Our own studies’ have shown that at a 
critical strain rate, which depends upon 
molecular length, the molecules undergo a 
sharp transition from the random coil to 
the fully extended state. At a higher and 
fixed strain rate, the increased force on the 
stretched-out molecules ruptures them at 
midpoint. The strain rate required to 
produce scission is proportional to the 
square of the length of the chain. This is 
predictable from the stresses arising in a 
stretched-out chain subjected to exten- 
sional flow. The deduced rupture strength 
of the chain is comparable to the strength 
of a covalent bond in the backbone. 

This close correspondence between the 
fracture behaviour of coiled polymers 
under these model flow conditions and that 
of a straight molecule provides strong 
evidence that the coiled chains have been 
fully stretched out. Merrill and Horn, 
having corroborated these results and 
extended them to laminar flow through 
constrictions, have now transferred the 
ideas and methodology to the less well 



























defined, but perhaps practically: more 
important, condition of turbulent flow. © 

It has been hypothesized that in turbu- 
lent flows elongational flow fields prevail’ 
locally in vortices, producing local chain 
extension’. This cannot be observed 
directly on the microscale within the other- 
wise inhomogeneous turbulent flow, as 
could be done in the laminar model flow: 
systems. Yet, as now reported, the unique’ 
effect of such flow and extension in the 
form of midpoint scission is observed’. By 
analogy to the experiments with model 
flow systems, Horn and Merrill infer that 
the chains must indeed have been stretched 
out by the turbulent flow field. 

With the behaviour of macromolecules 
in turbulent flow now becoming accessible 
to experiment, we have reached a firm 
starting point for a molecular under- 
standing of the intriguing and important 
flow-modifying effect of macromolecules 
and its consequences for fluid transport. O 
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Molecular neurobiology 


And now the sodium channel 


from Charles F. Stevens 


THE cloning and sequencing of the cDNA 
of the electric eel’s sodium channel, 
described by M. Noda and seventeen 
colleagues on page 121 of this issue', 
reaffims that S. Numa’s laboratory at 
Kyoto University is the preeminent factory 
for cloning peptides and proteins of 
importance to neural function. More 
importantly, it is a key step in revealing the 
molecular basis of the electrical excitability 
of neural tissue and muscle, 

What is the sodium channel and why is it 
important to clone and sequence its DNA? 
Channels — as the proteins responsible for 
brain electrical activity are called — fall 
into into two nearly mutually exclusive 
classes: ligand-gated and voltage-gated. 
The former, when bound to by their 
ligands (specific neurotransmitter mol- 
ecules) open to permit ion flux across. the 
neuronal membrane. By contrast voltage- 
gated channels open and close in response 
to the voltage difference between the inside 
and outside of the neuron. The archetypal 
ligand-gated channel is the acetylcholine 
receptor (AChR). Numa’s laboratory was 


the first to. clone and sequence all four 





positive charge, and. one has 9 no net et chat gee 


subunits of AChR, and is now first to clone ` 
and sequence an example of a voltage- 
gated channel. In picking the sodium 
channel, they chose the membrance 
protein responsible for the nerve impulse. 
Not only do AChR and sodium channels 
fall into different physiological classes, but 
they also belong to different. structural 
classes. Whereas the AChR is a pentameric 
protein composed of structurally similar 
subunits, the picture of the sodium channel 
that emerges from the cDNA sequence 
of Noda ef al. is of structurally similar 
domains within a single protein. The 
sodium channel of the electric eel is 
thought to consist of a single protein of 
>200,000 molecular mass. The cDNA 
sequence of this protein shows it to contain 
four domains, each of which is 250-300 
amino acids in length and about 50 per cent 
homologous with the other three domains. 
Each domain has a similar overall structure 
with. 6 identifiable subregions; two of 
these subregions are hydrophobic and 
presumably membrane-spanning, two are 
negatively charged, one has a large net 
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The AChR is, cell biologically speaking, 
well behaved. To guide it through the 
endoplasmic reticulum during synthesis, it 
has an amino terminal signal sequence of 
the standard type for an integral membrane 
protein of eukaryotes. The sodium channel 
is more of a maverick in that it lacks an 
amino terminal signal sequence, as do a 
few other integral membrane proteins 
including ion pumps’, the red cell 
chloride channel*, rhodopsin* and the 
enzyme, 3-hydroxy-3-methyl-glutaryl 
coenzyme A reductase®. 

Where do we go from here? The first and 
most important step — one which will not 
be long in coming — must be to 
demonstrate that the entity whose 
sequence Numa’s laboratory has deduced 
can, in fact, function as a sodium channel. 
This proof of function will come from 
expression experiments of the sort 
described by Miledi and Parker’: mRNA 
from the cloned cDNA, obtained either by 
transcription or hybrid selection, will be 
injected into frog oocytes, which will make 
the protein and insert it into their surface 
membranes. If the protein produced is 
really a whole sodium channel, it will be 
detectable by electrophysiological 
techniques. 

Another high-priority experiment will be 
to obtain cDNA clones of other sodium 
channels, especially the mammalian one, 
perhaps through their cross-reactivity with 
the eel cDNA. One interesting strategy will 
be to look for mRNAs that code for un- 
usually long strings of glutamates — the eel 
sodium channel cDNA has nine in a row, 
starting with residue 942. (This approach 
may also be a route to other voltage-gated 
channels and a way to start defining family 
relationships.) The extension from eel to 
other species is important both for the 
comparative information that will result, 
and because the function of the eel 
channel is hard to study with modern 
methods, whereas mammalian channels are 
better understood and more easily studied. 

Some aspects of the structural features 
of the channel deduced by the Numa group 
are unattractive. For example, it is known 
that the coupling between membrane field 
and channel-gating is achieved through a 
change in the protein’s dipole moment 
associated with the transition between 
open and closed forms of the channel. This 
dipole moment change is unusually large 
(hundreds of Debyes for the sodium 
channel as compared with tens for the 
AChR) and must reflect some unusual 
structural feature of the protein that places 
movable charges within the membrane, 
where they will feel the electric field. 





Erratum 


In Grant H. Thomson’s article ‘Details of Soviet 
cosmodrome from space shuttle photographs’ 
(18 October, p.607), the words in italics in 
the following sentence were omitted: ‘*Buildings 
and signs of construction activity in an area on 
the north side of the runway are thought to be 
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preparations for the Soviet ‘space plane’. 











NEWS AND VIEWS 


Unfortunately, no such feature is dis- 
cernible in the structure suggested by 
Noda et al. As with the AChR channel, 
early efforts will be directed towards 
exploring alternative structures more in 
accord with physiological constraints. 
Finally, we can look forward to struc- 
ture/function studies of the channel, by 
means of site-directed mutagenesis of the 
cDNA. Numa’s laboratory has a report in 
press in Nature using this approach for the 
AChR channel, and several other labora- 
tories are carrying out similar experiments. 
The methods developed for the AChR will 
find quick application once clones for the 
sodium channel become more widely avail- 





Some 260 times since March, plasma pulses at the Joint European Torus (JET) in Culham 


able. These are exciting times indeed for 
those with any interest in how the channels 
that control neural function operate. 
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have ended disruptively. The spectacular effect, shown above, is instantaneous melting of 
the Inconelalloy wall of the vacuum chamber by a beam of electrons stripped from the 
plasma during the disruption. The beam circles the chamber around half-a-million times 
in near-vertical magnetic fields, picking up energies of a few tens of MeV, and finally hits 
the inner wall to dump kilojoules of energy in a few milliseconds. The molten and 
evaporated metal can ‘poison’ carbon limiters used to limit the outer radius of the plasma 
ring in later pulses. The damage may contribute to JET’s ‘impurity problem’, when 
chromium and nickel ions in the plasma radiate energy in interaction with plasma 
electrons, and limit the degree to which the plasma can be heated for a given rate of energy 
input. However, JET has shown a better ability to recover from disruptions — returning 
to normal performance within two pulses — than other tokamaks that have suffered from 
the same problem and have sometimes required a matter of days to recover. 






ve galaxies 


om A ndrew Lawrence and Martin Ward 


SOME galaxies have compact sources of 
radiation at their nuclei which display 
violent activity on a variety of timescales. It 
is difficult to identify a unique birthday for 
research on these active galactic nuclei 
(AGN), but there was no doubt that 
Professor Don Osterbrock of the Lick 
Observatory, and a distinguished AGN 
researcher, was 60 in July. At a workshop* 
id in-celebration of that event, there was 
feeling of substantial recent progress in 
re¢ main areas: the understanding of the 
glowing gas surrounding AGN; the 
mapping of the overall energy budget of 
3N at all emitting wavelengths; and the 
alization that activity in galactic nuclei is 
uitous, 

GN are easily recognised by the bright 
cal emission lines in their spectra, 
ising from surrounding gas clouds heated 
the central source of radiation. To 
derstand the physical condition of the 
ized gas, such as its temperature and 
ity, much use is made of the relative 
nsities of the emission lines. D. 
rbrock reviewed the by now large data 
i'on this topic, much of it gathered by 
self and his graduate students at the 
bservatory. This work has provided 
information essential for the con- 
ction. of models of line emitting 
ons. Indeed, a ‘heavy industry’ in AGN 
theory is that of modelling the shapes and 
trengths of the emission lines. Predictions 
from the standard model of a collection of 
dentical optically thick clouds generally 
match the data well but several pieces of 
lence imply the presence of a con- 
inuous range of densities and sizes in these 
slouds. In particular, B. Peterson (Ohio 
ate University) argued from the vari- 
ity of emission lines in AKN 120 that 
clouds are uncomfortably close to the 
ral radiation source and must 
‘aporate, unless some of them are of a 
“high density. And W. Mathews 
niversity of California, Santa Cruz) 
gued that symmetric Lyman alpha pro- 
és further imply a substantial population 
in clouds. 

nother outstanding problem is that of 
rmitted ion emission, Fe u. This atomic 
ies hasan incredibly rich line spectrum 
oth the optical and the ultraviolet, but 
pectrum is hard to model because, in 
certain parts, the multitude of Fe u lines 
n-blend together to produce a false con- 
linuum (H. Netzer, Wise Observatory, 
ael). In broad line radio galaxies, where 
e lines are even broader than usual, this 
may explain why Fe 1 was thought to be 
weak or absent. Since the lines are so broad 
Shey are ‘washed out’ and become part of 
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ssembling the cloudy jigsaw 


an apparently smooth continuum (B. 
Wills, University of Texas). 

The profiles of these broad emission 
lines, produced by very fast cloud motions, 
must hold clues to the kinematics and geo- 
metry of the cloud regions. Much evidence 
points to radial motions but optically thick 
clouds, which would be bright on the side 
facing the central radiation source and 
dark on the back, should then lead to very 
different red and blue emission line wings. 
Because that is not usually observed, it 
further implies a mixture of thick and thin 
clouds. A. Filippenko (California Institute 
of Technology) and W. Ku (Columbia 
Astrophysics Laboratory) showed that 
lines from different atomic species often 
have very different profiles, again implying 
a physical stratification of the cloud 
regions. However, an interesting new idea 
regarding the line symmetry problem 
invoked the possibility of parabolic orbits, 
so that clouds are moving both out and in 
(J. Kwan, University of Massachusetts). 
And T. Kallman (Goddard Space Flight 
Center) suggested that in presence of a 
gaseous intercloud medium, scattering of 
ionizing photons could illuminate the back 
of clouds, making them bright on both 
sides. Finally, the radial motions need not 
be spherically symmetrical. M. de Robertis 
(Lick Observatory) presented a new model 
of a bi-conical expanding cloud region; 
viewed from different angles this could 
produce the various line profiles observed. 


Energy budget 


The second area of progress has been in 
understanding the continuum radiation 
from the central object itself. What is 
observed through a specific frequency 
window is often a mixture of components, 
such as synchrotron radiation, heated dust 
grain emission, atmospheres of hot young 
stars, and possibly thermal emission froma 
hot accretion disc surrounding a black 
hole. The sorting out of these different 
components, and their relative contribu- 
tions to the total energy output of AGN, is 
now a major thrust of observational effort. 

M. Malkan (Steward Observatory) 
argued for a ‘thermal excess’ in the blue 
over an underlying power law (the so-called 
‘blue bump’) that may represent the 
radiation from an accretion disc. Others 
believe that this may be explained away by 
substantial Fe u and Balmer continuum 
emission from the surrounding clouds. 
M. Elvis (Smithsonian Center for Astro- 
physics) presented new soft X-ray data on 
optically selected quasars. The usually 
expected flattish X-ray slope was often not 
seen — rather, a variety of considerably 
steeper X-ray slopes were observed. Placed 
inthe context of IR, optical and UV data, it 


ya 








seems that the soft X raysin these cases may 
represent the high energy tailof the thermal > 
excess postuated by Malkan. Furthermore 
a second ‘little bump’ is often visibleon top. 
of the ‘big bump’. This presumably is the 
Feit and Balmer continuum emission. This 
seems to resolve some of the controversy 
about the ‘blue bump’, in that we must be 
clear which ‘bump’ we are discussing. 

J, Bechtold (Steward Observatory) and 
M. Malkan showed that the relative 
amounts of power-law and thermal com- 
ponents can be quite different in different 
AGN. Correlations within the properties 
of the power-law and thermal components, 
when considered separately, are generally 
good. M. Ward (Institute of Astronomy, 
Cambridge), using plots of the total energy 
output of AGN, emphasized that in many 
cases much of the energy must emerge at 
the peak of the thermal component in the 
extreme ultraviolet region (XUV). Un- 
fortunately, this is currently an unobserved 
region -~ we see only the low energy UV 
head, and the high energy X-ray tail. To 
understand its true nature we need to 
observe the XUV body. : 

The third important area of progressisin 
recognizing that activity in the nuclei. of 
galaxies is really widespread. As a result of 
sensitive spectroscopic surveys by W. Keel 
(Kitt Peak National Observatory) and T. 
Heckman (University of Maryland) it 
seems that 30 per cent of spiral galaxies 
have optical emission lines. This ionized 
gas cannot be produced by the radiation 
field of a population of normal semi- 
evolved stars. The required ionizing.. 
radiation could come from a small number 
of young, extremely hot massive stars, or: 
be a dilute version of the power-law con- 
tinuum radiation seen in quasars, or be 
shocked gas resulting from gas cloud 
collisions. Keel presented fresh evidence 












































that these weakly active galaxies tend to... 


have close companions somewhat more 
often than non-active galaxies — but the 
situation is confused. The presence of close 
companions seems to be a statistically sig- 
nificant factor, but is very far from being 
either a necessary or a sufficient condition 
for activity. 

Much debate centred around the nature 
of the so-called Type II Seyferts. These are 
similar to the classical quasar-like AGN 
(most of which are classified as Type I 
Seyferts), but without the very broad 
emission lines or strong optical-UV-X-ray.. 
continuum. What remains are the strong 
narrow emission lines, and copious IR © 
emission, almost certainly from heated 
dust grains. These are both features 
believed to come from the very large sur-. 
rounding low density region. It is as if Type 
H Seyferts were Type I Seyferts with the 
energetic middle bits missing. D. 
Osterbrock and collaborators have long 
emphasized the existence of ‘intermediate’ 
types, with relatively weak broad lines and 
continuum, and evidence for a continuity 
of properties in several frequency regions 
was presented by A. Lawrence (Royal 



















Greenwich Observatory) and R. Cohen 
niversity of California, San Diego). 
However, A. Wilson (University of 
Maryland) argued that there exists a 
<- distinct difference in radio properties 
-between Type I and Type H Seyferts. Some 
Type Il Seyferts are really Type I Seyferts 
obscured by gas and dust; others may be 
‘switched off’ Type I Seyferts — when the 
_oeeentral radiation. source switches off, the 
compact high density, high velocity cloud 
region will soon also disappear, but the 
+ very large low density regions may remain 
glowing for from hundreds to a few 
thousand years. Evidence for AGN 
(changing their type on a timescale of 
lecades was shown by Lawrence, Cohen 
nd N. Bochkarev (University of 
alifornia, Berkeley). 
At least some of the classical Type I 
Seyferts may be quite different. J. Miller 
(Lick Observatory) reported that the 
Seyfert Type II NGC1068 has a highly 
polarised non-stellar continuum which 
extends through to the UV and soft X rays. 
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The emission lines are less PE and 
those preferentially emitted from low 
density gas (the so-called ‘forbidden lines’) 
are polarised at a different angle from the 
permitted lines. This suggests that the 
central high density gas is present after all 
but for some reason is not moving at the 
great velocities characteristic of Type I 
Seyferts. G, Ferland (University of 
Kentucky) presented UV data for several 





Type II Seyferts which further showed that 


they do have a non-stellar continuum but 
that it is very weak. 

Sitting through the workshop, one had 
the feeling of assembling a giant jigsaw 


puzzle. We have at least the majority of the: 


pieces and have completed the edges. Now 
we must take a deep breath before attempt- 
ing to make sense of the picture in the 
middle. = 


Andrew Lawrence is in the Department. of 
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-Memory and molecular turnover 


`. from Francis Crick 







NT spectacular. advances in molecular 
will, before long, begin to make a 
act on certain key problems i in 
neurobiology. A synapse is a complex piece 
of molecular apparatus, but there is now no 
technical reason why all its components — 
not merely the major ones — should not be 
isolated, sequenced and characterized. We 
can expect to have a detailed knowledge of 
the many ion channels, receptors and so 
forth, almost at will, for any type of neuron 
in any species. All this, together with tech- 
niques such as patch-clamping, should put 
the behaviour of synapses on a solid found- 
ation and in the process tell us something 
about the molecular basis of memory. 
However, in spite of recent advances in 
> understanding memory, in both Aplysia 
-c and long-term potentiation in the hippo- 
campus, one aspect is often overlooked. 

The time span of human memory (with- 
out obvious rehearsal) is often a matter of 
years, sometimes even tens of years. Yet it 
is believed that almost all the molecules in 
our bodies, with the exception of DNA, 
turn over in a matter of days, weeks or at 
the most a few months. How then is mem- 
ory stored in the brain so that its trace is 

` relatively immune to molecular turnover? 
Several possible solutions of the problem 
suggest themselves. For example, memory 
: Might be coded in alterations to particular 
“stretches of chromosomal DNA. Much 
current thinking assumes that memory is 
ed, at least in part, in the ‘strength’ of 
ny) individual synapses, so this would 
ly that in any neuron there is a special 
of DNA for each of its synapses, 
haps by similar means to 













those used in cells of the immune system, 


This seems unlikely. A related alternative is 
that there is a special /ocal piece of DNA (or 
perhaps RNA) for each relevant synapse. 
For example, it is conceivable that each 
spine apparatus has its own piece of nucleic 
acid which is modified when the system 
needs to alter the strength of that synapse. 
This idea also does not seem very likely but 
might be worth bearing in mind, since each. 
mitochondrion has its own piece of DNA. 

Another alternative is that each synapse 
has at least one macromolecule which is 
relatively immune from molecular turn- 


over. Again this does not seem very prob- | 


able but such a molecule could be looked 
for by appropriate pulse-chase experiments 
during development. 

Since none of these alternatives seems 
especially attractive, one is more inclined to 
suggest models that are cooperative in 
nature. That is, the molecules in the 
synapse interact in such a way that they can 
be replaced with new material, one at a 
time, without altering the overall state of 
the structure. It is easily possible to con- 
ceive many such hypothetical models. It 
occurred to me to think of the simplest. 

Consider, for example, a protein mole- 
cule that is an essential part of a synapse 
and can exist in two states: active and 
inactive. Suppose the molecule forms a 
dimer, probably with a two-fold rotation 
axis, that can be modified chemically by, 
for example, the attachment of a phos- 
phate group. Let us assume that when both 
monomers are modified the protein isin the 
active state, symbolized by (+, +) and that 


when both are unmodified the dimer is in-, 


_ phosphorylate the dimer when mo Dp: 


| metabolic turnover. This mechanist 
“Molecular Biology, Vol. 25 (ed. Col 


: mer; there might be more than one | 








active, symbolized as (-,-). In addition, let 


us assume the existence of an enzym 
will add a phosphate group (or. 
the modifer is) to one monomer if ) 
monomer of the dimer is already modi 
but not otherwise. That is, it will tur 
(+,-) into a (+,+) but will not ti 
a(-,~). 

Assume, furthermore, that the me 
anism for altering the synaptic strength 

















of the synapse are to be made act! 
can dephosphorylate it when activity | 
be reduced. That is, the mechanism. 
turn a (+, +) into a (~,-), or vice verse 
Finally I assume that individual m 
mers of a single dimer can be repla 
at atime by the mechanisms responsible fi 
molecular turnover and that these. ne 
monomers are initially unmodified. 
This system will have the property the 
whether the dimer is in the active ( 
state -or in the inactive (~,-) state, 
substitution of a single new unmodifi 
monomer for either of its two componen 
will. leave it in the same state. That i 
molecular turnover will turn a (+, +) in 
a (+, +) but the hypothetical enzyme 
convert this back to (+, +). The (=,= 
will of course remain (~,—-) during 






















































obviously modelled on known mecha 
for the maintenance methylation of DI 
as reviewed by Razin, A. and Fri 
in Progress in Nucleic Acid R 






W.E. ) 33 (Academic Press, 1981). 

It is possible to imagine mor 
cated models of this. general ty 
macromolecule could be a trimer orat 





fiable site per monomer; rather than pho: 
phorylation, the modification might be ¢ 
phosphorylation, or methylation, glycos 
lation and so forth. 
There are a number of subsidiary 0 
ditions. The macromolecule should be 
anchored to a particular synapse and not 
free, in its mature form, to migrate 
oné synapse: to another. This might suggest 
it would probably be a membrane prote 
and perhaps form part of a larger aggr 
of some form. The supply of newly s 
sized monomers should be immune to: 
modification (or demodification) proce: 
The old monomers, due to be discard 
molecular turnover, should not int 
with the above processes. ; 
Since the proposed mechanismis not i 
plausible it would be sensible to look 
fully for modifications to synaptic prot ins 
and for the enzymes which modify and 
modify them, in case one of these enzymes 






described above. If such an enzyme wer 
found it might prove to be a pointer to th 
seat of long-term memory. 
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PLANTS love carbon dioxide. At elevated 
atmopsheric CO, concentrations photo- 
ynthesis (and hence productivity) is en- 
hanced, plants transpire less and make 
e efficient use of soil moisture reserves, 
ssessing the agricultural and hydrolog- 
ical consequences of anthropogenic CO, 
increases, we must, therefore, consider 
oth. CO,-induced changes in climate and 
he direct effects of increased CO, on plant 
physiology. The latter could be as 
portant as the former, and may well be 
easily predicted. Two recent papers 
have addressed different facets of this 
ssue..In one, LaMarche etal.! suggest that 
nt increases in the growth of some high- 
titude trees might be attributable to the 
rect effects. of increased atmospheric 
>, Inthe other, Idso and Brazel? 
ine the effect of a CO,-induced 
increase in the efficiency of water use by 
pl on river basin evapotranspiration 
and river flow, Because Idso and Brazel 
sume that controlled-environment 
ental results can be transposed to 
real world, it is particularly important 
monstrate the validity of their 
ption. 
ore describing the work of LaMarche 
i, we can estimate the magnitude of 
‘eased tree growth that might be 
xpected to occur under laboratory con- 
ditions due to a 25 per cent increase in CO, 
meentration, the change that has 
‘curred since the mid-nineteenth century. 
do this we use the well-known relation- 
ship. between net primary productivity 
P; roughly equivalent to tree ring 
th times mean density in this case) and 
CO, concentration (C): NPP =NPP, 
‘Bin(C/C,)|. B in this equation must 
etermined empirically and its value is 
uncertain. Using B = 0.3-0.7 (see 
3) the implied change in NPP should be 
16 per cent. This is a sufficiently small 
ange that it would be exceedingly diffi- 
lt to detect, given the natural variability 
plant growth. 

In fact, f may be even less. The values 
quoted ‘are based largely on small-scale 
periments which, as noted above, may 
applicable to the real world. A more 
relevant value can be estimated from 
‘bon-cycle modelling studies but model- 
certainties are such that a B value as 
mall as zero is not ruled out. Since carbon- 
ycle models. are our main tool for pre- 
ting future CO, levels, and since these 
dictions depend on the chosen value of 
B, it is clearly of importance to detect 
hanced photosynthesis in the un- 
managed biosphere in order to demon- 
rate that P is significantly greater than 



































































Predicting plant productivity 
and water resources 


from T.M.L. Wigley, K.R. Briffa and P.D. Jones 


zero. 

In their field study, LaMarche ef al. 
examined variations in bristlecone pine 
ring widths at two high-altitude sites in the 
White Mountains of eastern California, 
approximately 370 km east of San 
Francisco, and in limber pine ring widths at 
asite high up on Mount Jefferson, Nevada, 
about 180 km northeast of the other sites. 
At all three sites La Marche et al. found an 
increase in tree growth since the early nine- 
teenth century and particularly over the 
last 20 years. For the two Californian sites, 
where the tree ring data extend back many 
centuries*, the changes are unprecedented. 
Furthermore, the increases in ring width 
shown by LaMarche et al. exceed 70 per 
cent over the past 150 years, much greater 
than any anticipated changes (unless there 
has been a correspondingly large reduction 
in wood density). This clearly points 
towards some unusual cause, and CO, is 


_ implicated because it too has shown an un- 


precedented increase over the last century. 
However, if CO, were the cause we would 
expect the effects to be widespread and 
relatively small. Other bristlecone pine and 
limber pine chronologies exist near to the 
sites studied*, but not all of these show the 
same upward growth trends. Further 
research is required to explain this site 
specificity and the apparently large 
amplification of the CO, effect. Could, for 
example, an amplified effect occur 
specifically at locations near the tree line if 
there were a CO, -induced reduction in the 
threshold temperature for photosynthesis? 

Alternatively, are these changes due to 
climatic change? LaMarche et al. consider 
only temperature and precipitation 
changes (neither show any recent trends), 
and their analysis is inconclusive because 
the climate-tree growth relationship is not 
well-defined. To complicate the issue 
further, climate may be indirectly 
involved; for example, since 1960 the 
regional westerly wind component has 
increased in a way that, at least super- 
ficially, matches the tree growth trends. 
Could changes in nutrient input due to pol- 
lutant transport from the industrial and 
agricultural areas around San Francisco be 
the link? While intriguing, the data of 
LaMarche et al. are not yet enough to 
support any claim that the growth changes 
are related to CO, increases, and the 
authors are justifiably cautious in their 
conclusions. 

Idso and Brazel are not concerned with 
small past changes, but with the much 
larger increases in CO, that might occur in 
the future. They consider the case where 
the CO, level is double the pre-industrial 











level — a value expected to occur around. - 
the mid-twenty-first century — and 
examine the effects of COQ,-induced 
changes in water use by plants in line with: 
the NPP relationship given above, 
Higher CO, levels reduce evapotrans- 
piration by causing the stomata to close. 
When evapotranspiration is reduced, more . ° 
precipitation will be available for runoff, 
so reducing the normal depletion of soil 
moisture reserves during the growing 
season. Thus, whereas the potential effects 
of any reduction in precipitation caused by 
increased CO, concentration could be. 
offset via the direct effects of CO, on 
evapotranspiration, the effects of an 
increase in precipitation might be 
enhanced. To study the relative effects of 
these two processes requires both a know- 
ledge of the future change in climate and a 
detailed model of the vegetation. Idso and 
Brazel use a simple water balance calcu- 
lation, coupled with the climate scenarios 
assumed in an earlier study, to assess the 
sensitivity of runoff to both effects. Their 
results indicate that direct CO, effects 
could more than offset influence of even 


such large changes in climate as a 10 per’ : : 


cent drop in precipitation coupled with a 
2°C rise in temperature. In a much more 
complex analysis, Aston® has reached a 
similar conclusion. 

The changes in agricultural and hydro- 
logical resources predicted by these studies 
will have to be considered carefully in 
future planning. Both, however, are 
exploratory, and depend on a number of 
simplifying assumptions. [dso and Brazel, -< 
for example, take no account of the). 
seasonal distribution of precipitation and 
evapotranspiration. If most of the runoff ° 
were associated with winter precipitation 
(for example, through snow melt) then a 
reduction in drainage basin evaporative 
losses during the growing season could 
have only a minor effect on annual runoff, 
Even during the growing season, the 
reduction in evapotranspiration may be 
offset by an increase in leaf (transpiring 
surface) area, a factor considered in neither 
study. Calculations by Goudriaan et al.’ 
using a very detailed plant physiological 
model, show that increased leaf area could 
largely compensate for reduced trans- 
piration rate per unit leaf area. However, 
as Aston points out, this would not operate 
in tropical regions where C-4 plants often 
dominate. ’ 

These are all exceedingly complex issues. 
Future changes in atmospheric CO, level 
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are expected to far exceed any changes that 
have occurred to date. Even in the absence 
-of marked changes in climate, atmospheric 
“€Q, may have dramatic effects on 
agriculture and water resources. To 
support rational planning for this even- 
‘tuality, we require more studies like those 
< - discussed here to increase our quantitative 
<: > Knowledge of the influences of CO,. But 












Palaeoecology 


oe from Peter D. Moore 


Like human history, palaeoecology can be 
a frustrating occupation. How can one 
hope to construct a satisfactory, scientific 
explanation for an event which appears to 
«= have taken place on only one occasion in 
“the fossil record? The whole basis of uni- 
formitarianism begins to totter at this 
point. On the other hand, such events can 
fuel endless speculation, the pleasures of 
which tend to offset the frustrations. One 
of these has become a recurrent theme in 
~\ the Quaternary palaeoecology of Europe: 
~ the decline in elm pollen which occurred 
quite abruptly across much of northern 
Europe, some five thousand years ago. It 
this theme which reared its enigmatic 
opy over a recent conference of 
botanists and archaeologists at Oxford*. 
“In the past few years, the debate has lost 
something of its vigour simply because no 
_ hew evidence has come to light. It has been: 
-established that the collapse of the elm 
-pollen in the stratigraphic record is wide- 











spread, relatively synchronous (within a- 


300-400 year period over a very large area, 
as indicated by dates which themselves, 


however, have broad inherent error mär- 


gins). There are some isolated locations 
where the elm decline is less marked, but 
even in the extreme north of Europe, far. 
beyond the limits of elm, it is often possible 
to:detect a drop in the elm pollen that had 

been transported over considerable 
~ distances. 

One of the major controversies has 
centred around the coincidence of the first 
clear indications of agricultural activity by 
Neolithic peoples with the elm decline, 
which has led to interesting speculations 
about primitive. forestry practice and 
contemporaneous human population 
levels. Models advanced to explain the elm 
decline have evolved over the decades in a 
punctuated manner, each quantum leap 
being dependent on the acquisition of some 
new item of circumstantial evidence which 
permits further elaboration, or even acom- 

- plete restructuring of the theory. Climatic 
change gave way to soil deterioration, 
which. was overthrown: by the radical 
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much more groundwork is required before 
we can make predictions that have 
practical value. We may have only a decade 
or so in which to make the step from 
speculation to application. E 


T.M.L. Wigley, K.R. Briffa and P.D. Jones are 
in the Climatic Research Unit, School of 
Environmental Sciences, University of East 
Anglia, Norwich NR47TJ, UK. 





Hampstead Heath clue 
_to historical decline of elms 


proposition that man stripped the elm trees 
of their branches in order to feed stockaded 
domestic herbivores. 

After a period of equilibrium, if not stag- 
nation, the topic seems set to make another 
leap, and the evidence is coming from a 
number of directions. In the first place, it 
has become apparent that agricultural 
activity in Britain was widespread prior to 
the elm decline. This fact was demon- 
strated at the Conference by the data of J. 
Innes and I.G. Simmons (University of 
Durham). Their work on the North York 
Moors clearly shows that there were 
episodes of forest clearance during what’ 
are presumed to be Mesolithic times. 
Evidently the advent. of agricultural ideas 
and practices in northern Europe was not a 
sudden, revolutionary event. In a recent 
analysis of the first occurrence of cereal- 
type pollen grains, Edwards and Hirons (J. 
archaeol. Sci. 11, 71; 1984) showed a wide 
geographical scatter of records in Britain 


prior to the elm decline. Whether these 


derive from Mesolithic or Neolithic 
cultural activity is impossible to say and 
may in any case be a rather meaningless 
question. What is important is that the 
earliest agriculture was underway before 
the elm decline, which was therefore not 
the outcome of any large-scale invasion of 
innovative, agricultural techniques. 

A similar conclusion has been drawn by 
J. Turner (University of Durham) who 
displayed pollen diagrams based on con- 
tiguous. 1 mm microtome slices of a frozen 
peat core from the North Pennines, These 
showed a progressive decline in elm, 
evidently related to the succession of 
clearance events which had been taking 
place in the region over a period of several 
hundred, possibly a thousand years. Since 
the elm decline is also accompanied by 
falling levels of lime (Tilia) and ash 
(Fraxinus), Turner is inclined to the idea 
that the cumulative effect of centuries of 
Mesolithic wear and tear on the vegetation 
has resulted in the depletion of soil 
nutrients, leading to a decline in all three 
species, She has also proposed, on the basis 
of the pore numbers in the fossil elm 
pollen, that the elm in question in the area 


was not he wych elm, Ulmus. glabra, as 















suggestion could cause oe entire d 
return to its starting point of soi 
years ago. . 




















was added to the fi 
quarter. M, Girlit 









identifies as Scolytus Séi 
of the fungus, Ceratocystis ulmi, 
cause of Dutch elm disease. 

The proposal that the declin 
5,000 years ago was the produ 
is not in itself new (see W. 
Linn. Soc. Lond. 172, 33; 1960). 
become increasingly attractive, 
compulsive, as we have observed the rece 
effects of Dutch elm disease on elm pop’ 
lations. But healthy speculation feeds upi 
circumstantial evidence and here, at 
we seem to have it. If the beetle vector We 






















was too. Was the sudden onset of the 
disease the result of early forestry? An 
how do we explain the concurrent d li 
in some other trees, such as lime? ’ 

answers are still not clear, and cai 
entirely testable, but the new evide 
provide the necessary momen 
renewed vigour in an old debate.. 
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100 years ago 
NATURAL SCIENCE IN SCHOOLS 


However fully it may be admitted by the fe 
that it is important, nay essential; that 
members of the community, whatever the 
station or occupation should during their 
career receive some instruction in the 
of natural science, the general publicha’ 
yet had brought home to them with suffici 
clearness that, just as a knowledge of forei 
languages is essential to all who are brought i i 
intercourse with foreigners, so in like manner 
a correct. knowledge of the elements of natu 
science of direct practical value to all in't 
daily intercourse with Nature, apart from t 
pleasure which such knowlege affords. In 
from a purely utilitarian standpoint, the adv: 
tages to be derived from even most elementary 
acquaintance with what may be termed the 
science of daily life are so manifold that, if once _ 
understood by the public, the claims of science 
to a place in the ordinary school course must 
meet with universal recognition. To quote. 
Huxley: “Knowledge of Nature is the guide of 
practical conduct. Any one who tries. to Hh 
without attention to the laws of Nature will live e 





but a very short time.” 











omplexities of cause 
nd effect in anorexia nervosa 


mn Nicholas Mrosovsky 


TREMES in body weight such as gross 
esity or the emaciation of anorexia 
ervosa are accompanied by numerous 
hysiological, behavioural and psycho- 
gical changes. These disturbances are so 
terwoven that it is difficult to disentangle 
\¢ primary factors. Classic studies by Sims 

d Horton! have demonstrated that, 
iply by overeating, volunteers of normal 
ght can obtain obese-type endocrino- 

ygical profiles; when the period of over- 
ating ends, body weight returns to normal 
the endocrinological symptoms 
side, Such findings suggest that, at least 
some types of obesity, these particular 
ymptoms are a consequence of being fat 
her than instrumental in initiating over- 
ight. This approach has now been 
slied to the problem of anorexia nervosa 
Fichter and Pirke and their co-workers 
the University of Munich and the Max- 
nek-Institut für Psychiatrie’. 
he well-known Minnesota studies of 
et al.’ have already shown that 
ation induces a number of features 
tare common in anorexia nervosa; 
ession with food and rituals surround- 
eals are obvious examples. However, 
se observations were made on young 
n, while Fichter and Pirke selected sub- 
and measures with anorexia nervosa 
pecifically in mind. Young women in their 
‘ly twenties and close to ‘ideal’ weight 
‘olunteered to go without food, other than 
tain minerals and vitamins, for three 
reeks: A number of changes, reminiscent 
anorexia nervosa, occurred during the 
st, including elevated blood cortisol, 
bnormal dexamethasone suppression 
ests, ‘blunted response to thyrotropin re- 
sing hormone, lower levels of lutenizing 
one (LH) and regression of the 24 h 
secretory profile to the infantile 
tern. The LH changes were not con- 
ent. However, the average weight loss 
8 Kg was small compared with per- 
tage reductions from ideal body weight 
nmonly observed in anorexia nervosa. 
éneral, apart from some less clear data 
hgrowth hormone, ‘‘the results support 
hypothesis that the endocrine dis- 
inces reported in anorexia nervosa are 
ot primary but rather the consequences of 
sduced food intake or loss of body 
ight’*?. 

While the results of the Fichter and Pirke 
dy are consistent with the view that 
ny physiological symptoms of anorexia 

ervosa are secondary to weight loss, there 
emain counter-arguments. The relation- 
ips of endocrine function to body weight 
anorexics are by no means simple. For 
istance, weight recovery does not always 




















lead to normalization of LH levels? and 
changes in the metabolism of brain nor- 
epinephrine sometimes last for months 
after nutritiona! rehabilitation’. 

An abiding question about such counter- 
arguments is what do we mean by 
‘recovery’? Usually this is defined in terms 
of attaining a weight near to the ideal level 
for the age and height of the patient. This is 
far from satisfactory since it is not un- 
common for anorexics to have been above 
average weight prior to the disease. Per- 
sistence of endocrinological abnormality in 
an individual might reflect a failure to 
recover to an appropriate weight for that 
individual. What is needed are indices of 
recovery other than average population 
weights from the Metropolitan Life Insur- 
ance tables. Even when the patient’s own 
pre-morbid weight is used, there is the 
problem of defining the onset of the 
disease; moreover, anorexics often have 
unstable weights. Further studies of the 
effects of fasting and refeeding on people 
of stable weight, who do not normally diet, 
should provide better indices of deviations 
from an individual’s own physiologically- 
regulated weight level. Without these, the 
relationship of endocrine function to body 
weight in anorexic patients may remain 
obscure. 








The. idea a strong “biological: : 


‘component-in anorexia nervosa has been 


entertained ever since the disorder was first 


described. Prospective longitudinal studies, = 
with measurement of many physiological > 
variable are costly and difficult. Given this 


vacuum, the experimental approach taken 
by the Munich group provides some of the 
most important information we have on 
the topic and may be destined to take its 
place alongside other classic studies on 
weight manipulation in normal subjects. 
Of course, these studies do not preclude 
predisposing factors or the possibility that 
a primary abnormality in metabolic 
regulation may result in weight changes 
which in turn produce secondary changes! . 
Therefore the question of whether there are 
primary physiological disturbances in 
anorexia nervosa has not yet been resolved. 
It would be a fair summary of present 
knowledge to say that not one of the 
somatic symptoms has yet been. proven to 
be primary in the disorder, and that a large 
number of these symptoms are not specific 
to anorexia nervosa, but can be produced 


by weight loss alone. EF: 
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Nuclear physics 


From little bang to Big Bang 


from Neil Rowley 


AT sufficiently high incident energies, the 
system formed in a head-on collision of two 
heavy nuclei will ‘explode’, showering 
fragments in all directions. A new 
generation of particle detectors, which 
almost completely surround the target in 
such a collision, makes it possible to detect 
enough members of the shower to 
reconstruct some details of the initial 
event. Two experiments of this kind have 
recently been completed on the Bevalac at 
the Lawrence Berkeley Laboratory in 
California; the results of both hint at the 
possibility of some exciting new physics. 
The first experiment, by H.A. 
Gustafsson ef al. (Phys. Rev. Lett. 52, 
1590; 1984) employed the ‘Plastic Ball’ 
spectrometer to investigate the possibility 
of observing collective flow of nuclear 
matter in Ca + Caand Nb + Nb collisions 
at 400 MeV per nucleon. The observation 
of such collective effects would. give hope 
that some very exotic phases of nuclear 


matter could be created by relativistic | 





heavy-ion collisions. 

In order to explore an equation of state 
and look for possible phase transitions, a 
large sample of matter needs to be taken 
and subjected to controlled variations of 
temperature and pressure. This is not so 
easy for nuclear matter since we only 
possess relatively small samples — the 
stable nuclei — and we can only vary the 
ambient conditions by forming hot 
compressed systems in short-lived nuclear 
reactions. Here the finite size of the nucleus | 
is an apparent problem since nucleons with 
a high kinetic energy might rapidly escape 
from the compound system and thermal 
equilibrium may never be established. 

At low excitation energies, the mean- 
free-path of a neutron or proton in a heavy 
nucleus is. indeed large {at least when 
compared with the nuclear radius), though 
each nucleon is confined by the average 
field of all the others. Thus one might 
expect that highly excited nucleons would 
escape without scattering. The reason fo 
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Spectator 


Fireball 


Particle 
emission 


| Fig. 1 High-energy collision of identical nuclei in the centre-of-mass frame. a, Non-central 


--gollisions. The sections of target and projectile which did not overlap remain as relatively ‘cold 
‘spectators’ moving with their original velocities. The overlapping sections form a ‘fireball’ whose 
< eentre-of-mass is at rest, There may, however, be collective flow in the fireball which decays rapidly 
» by thermal particle emission. The final momentum distribution has the collective momenta 
superimposed on top of a statistical distribution from the decay. b, Head-on collision, All the mass is 
compressed into the fireball. In the hydrodynamical model this mass is squeezed out in a collective 
flow at right angles to the original beam direction. The system still decays by statistical emission but 
with an additional perpendicular component to the momentum. The flow may be very different if the 
target and projectile have significantly different masses (see text). 





“large mean-free-path is, however, 
special, Nucleon-nucleon inter- 
e inhibited by the Pauli principle 
revents a neutron (proton) from 
ring into a state alteady occupied by 
another neutron (proton). For very fast 
collisions many high-energy unoccupied 
states become accessible, the nucleon- 
nucleon scattering regains its full vitality 
and the nucleon mean-free-path becomes 
very small. At 400 MeV per nucleon the 
Pauli blocking may essentially be ignored. 
It has already been established that in 
high-energy nucleus-nucleus collisions the 
emitted charged particles have an energy 
distribution which is consistent with a 
system that has fleetingly achieved thermal 
equilibrium. The observation of equi- 
< Hbrated particle spectra unfortunately tells 
“us nothing about the internal pressure of 
“the system. At the limit of small mean-free- 
path, however, a system should behave 
hydro-dynamically and it should be 
possible to set up local pressure gradients 
and generate collective flows. The problem 
is that long before reaching any detector, 
the hot ‘fireball’ formed from the over- 
lapping regions of the target and projectile 
(see Fig.1) will have ‘radiated’ away to 
nothing. The only way of knowing if such 
hydrodynamical effects exist is to detect as 
many as possible of the radiated particles, 
“yneasure their momenta and reconstruct 
< the flows existing before the fireball 
disintegrated. This was the aim of the 
xperiment Gustafsson ef al. 
urther difficulty in interpreting the 
rom such experiments is that hydro- 
predicts collective flows which 
ner the collision is head-on 

















(see Fig. 1b) or more peripheral (Fig. la). 
The enormous power of a detector like the 
Plastic Ball lies in the fact that it is actually 
a large number (815) of electronically 
coupled detectors covering a solid angle of 
almost 4n, that is almost completely 
surrounding the target. By detecting many 
low-mass charged particles in coincidence 
with one another, it is possible to have a 
high degree of confidence that they 
originated from a single event and to relate 
qualitatively the particle multiplicity to the 
size of the fireball. 

For identical nuclei the most dramatic 
event is the head-on collision — giving rise 
to high multiplicity. Here the hydro- 
dynamical model predicts that the matter is 
squeezed out at right angles to the original 
beam velocity (see Fig. 1b). This event is 
referred to as ‘sidesplash’ and the direction 
of flow relative to the beam axis is specified 
by the flow angle. This should be 90° fora 
head-on collision. For the Ca + Ca experi- 
ment of Gustafsson ef al. the results are 
disappointing. For all but the highest 
multiplicities the particle cross section is 
peaked at 0°, that is along the axis. This is 
consistent with a purely statistical decay 
and gives no evidence for collective flow. 
Only for the highest multiplicity events is a 
small deflection, of around 10°, observed. 

For the more massive Nb + Nb 
experiment the results are much more 
encouraging. A finite flow angle is 
observed and it increases steadily with 
increasing multiplicity up to a maximum 
value of around 30°. This is far short of the 
expected 90° for a head-on collision but the 
occurrence of such a direct event is rather 
infrequent and the flow angle drops rapidly 
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to zero with decreasing projectil 
overlap. The theoretical ‘anal 
Buchwald et.al. (Phys. Rev. Lett.5 
1984) shows that when these effects 
detector efficiencies are taken into ace 
a maximum average flow angle.of abo! 
30° means that collective hydrodypam 
flow has been established. 
More recently the mass-asym 
system Ar + Pb has also been studied ai 
Bevalac in collisions at energies arou 
800 MeV per nucleon (Renfordt, RE. et 
Phys. Rev. Lett, 53, 763; 1984). He 
interesting twist to the flow-ar 
behaviour has been observed: for ve 
central collisions (highest multi 
the fragment distribution ‘i 
isotropic and there is no discerni 
angle. oe 
Surprisingly, this result is 
consistent with the hydrodynamical mode 
which shows that the behaviour is due 
the different ‘geometry’ of the syste 
central collision the Ar nucleus is totall 
engulfed by the larger Pb target in whi 
is brought to an abrupt halt. Since the 
kinetic energy is entirely deposited in 
interior of the target this results in 
almost isotropic expansion of the ¢ 
posite system. Statistical or ‘cascad 
models (see Cugnon, J. et al. Phys. Lei 
109B, 167; 1982) do not produce such 
large stopping power since they 
describe the vital compressional mod 
these models some remnant of th 
beam velocity survives giving a: fo 
peaking of the fragment distrib 
prediction inconsistent with the r 
the second experiment and the Nb 
data. 
For lower multiplicity events, however, 
the asymmetric system does exhibit a 
flow angle. The maximum value appears to 
occur for collisions where the Ar project 
is just eclipsed by the larger Pb target. TI 
configuration now resembles the he 
collision for the mass-symmetric syst 
since the non-overlapping part of thet 
may be regarded as a spectator. The result 
is again elegantly reproduced in the hy 
dynamical picture. 
It does therefore seem possible to: co 
press nuclear matter in suchexperiments. I 
compressions to around three times normal 
density can be achieved, then th 
predicts. the existence of a nuclear: phase 
containing a bose-condensate of pions 
even more alluring goal (though: higher 
energy beams would be required) is the 
creation of a fireball in the phase 
quark-gluon plasma. Such experiments are 
our only possible means of reproducing in 
the laboratory a state of matter that only 
existed at the very beginning of the 
Universe. The creation of such’ ex 
phases may still be far away but. the’ 
Bevalac results are an important step in the 
right direction. 


















159 





































































Neil Rowley isin the Theory and Computati 
Science” Division at. the SERC Dari 
Laboran Warrington, wad 1AD U. 























































om A ndrew Leigh Brown 


ISL RNA iS an example of a eukaryotic 
NA species that was identified long be- 
re a cellular role could be ascribed to it. 
recently was it established! that it 
ssential part of the signal recog- 
on particle — the cellular apparatus 
iát aids the transport of secreted proteins 
cross the endoplasmic reticulum. Subse- 
quently nucleotide sequence analysis re- 
aled that parts of the 7SL RNA sequence 
mi. to derive from the Alu element’, 
hich is repeated about 300,000 times in 
human genome’. While Alu is usually 
yund as.a head-to-tail dimer of a sequence 
out 150 base pairs long, in the 7SL se- 
uence.a single Alu monomer seems to 
suffered an insertion of 155 base 
, This was not in itself a dramatic dis- 
ery because Alu elements are dispersed 
widely throughout the human genome 
at they could easily be a target for 
dom DNA insertion. However, the 
est developments concerning Alu and 
, RNA*5, some of which are published 
page 171 of this issue, have taken a quite 
cted turn. 

Ullu and Tschudi* have sequenced 
SL RNA (as a DNA clone) from Xenopus 
Drosophila. Both are clearly related to 
ye human counterpart throughout their 
th — that is the sequence homology 
ctends to the Alu-like part of the human 
olecule. The presence of an Alu-like 
quence in Drosophila, also found by 
undelfinger ef a/.°, means that Alu has 
ad a- much longer " evolutionary history 
an was previously thought. More 
resting yet, in Drosophila it seems only 
existas part of the 7SL DNA, of which 
re are two copies. On this basis, Ullu 
ad Tschudi suggest that Alu sequences 
resent. defective 7SL RNA molecules 
at have been reverse~transcribed into 
INA and inserted into the genome. An 
origin has been suggested for 
lobin pseudogenes in the mouse‘, 
the multiple pseudogenes for small 
lear RNAs in man’. Pseudogenes are 
erally thought not to play an important 
nm the cell. Perhaps those who have 
ued: that Alu, by its very abundance, 
st have an important function will 
nize that this argument has now lost 
me of its weight. 

Although it seems likely that the 7SL se- 
ence with its single Alu evolved in the ab- 
mce of repeated Alu elements, an alter- 
ative interpretation of Ullu and Tschudi’s 
data presents itself, at first sight. In the 
7SL-specific region of the sequences the 
latch between the human and Drosophila 
sequerices is 67 per cent, and the correct 
alignment is obvious. In the A/u-related re- 


gions the degree of match is less and the two 
groups opt for rather different alignments, 
especially at the 3’ end. If, in fact, these 
regions of the sequence are completely un- 
related, then the earlier hypotheses could 
still be tenable. However, using the method 
of Fitch and Smith’, I find that the align- 
ment of the Drosophila sequence with the 
3° Alu-related part of the human 7SL 
sequence suggested by Ullu and Tschudi 
has a probability of less than 0.01 of 
occurring by chance. Thus the flanking re- 
gions of the Drosophila TSL RNA are 
homologous to Alu in man and the Alu se- 
quence first existed as a part of this 
molecule. 

As expected, for Xenopus laevis the 
overall match with the human sequence 
is much higher’ than either is with 
Drosophila, although it drops off in 3’ Alu- 
related region. Although their previous 
results indicate only weak homology to Alu 
in Xenopus DNA®, Ullu and Tschudi 
describe the Xenopus genome as being 
‘rich’ in sequences related to the Alu-like 
parts of the Xenopus 7SL molecule. So, in 
Xenopus as well as man, there is a close 
relationship between the 7SL RNA and 
highly repetitive elements, although the 
Xenopus and human sequences have 
diverged during evolution. How did this 
relationship arise? The fact that 7SL has a 
longer evolutionary history, being found in 
the absence of any Alu-related repeats in 
Drosophila, strongly suggests it was the 
antecedent, Moreover, the 7SL RNA is ar- 
ranged in the signal recognition particle in 
such a way that three RNA fragments 
similar to the 5’ Alu-related, 7SL-specific 
and 3’ Alu-related sequence domains are 
generated by limited enzymatic digestion 
of the intact particle’, Put that together 
with the circumstance in which the 7SL 
RNA was first discovered — in a retroviral 
particle'' and therefore close to a source of 
reverse transcription activity — and the 
generation of DNA copies of Alu is easy to 
imagine, 


Amplification 

Once Alu had appeared, what happened 
next? It has been known for some time that 
Aly is a remarkably stable component of 
the genome. Having arisen at a specific 
location, it does not seem to disappear 
quickly. For example, in the gamma-globin 
region, two Alu elements are present in 
exactly the same place in both man and 
chimpanzee '*. This is in striking contrast to 
the vagility shown by the middle repetitive 
DNA elements in Drosophila, and until 
now there has been no real explanation for 
the difference. However, if Alu originated 








as a 7SL pseudogene it may not possessor 
respond to any mechanism for excision or 
transposition. Thus, unless it kills the chro- - 

mosome in which it inserts, it might just — 
have to stay there. If it retains polymerase. 
II promoter activity (not all copies do = 
retain it), it could even generate more.» 
transcripts, each of which might be another ©: 
possible template for reverse transcription 
and reinsertion. One would therefore 
expect copies to accumulate in the genome. 

Two questions are left. First, did the 
events which gave rise to the Alu-related rë- 
petitive elements occur once in each of the 
Xenopus and human lineages indepen- 
dently? If so, it might explain the sequence 
divergence between repeats of the two 
species; within the species the repeat se- 
quence very closely resembles the 7SL se- 
quence. However, we should remember 
that some concerted evolution has pro- 
bably taken place. It is possible to envisage 
repeats already existing in the primitive 
amphibian DNA and gradually, after the 
two lineages separated, changing en bloc. 
Any subsequent generation of pseudo- 
genes would be of the species-specific ISL 
sequence; a process of concerted evolution 
which kept the 7SL and Alu-related repeats ` 
reasonably similar within each species is 
not unlikely. 

The second question is, why has none of 
this occurred in Drosophila? Here there are 
no easy answers. The situation is similar 
to the case of the small nuclear RNAs, 
where many pseudogenes are found in 
man’, but not in Drosophila’. Processed 


pseudogenes of protein coding regions also. =; 


seem to be absent in the fly. There is 


certainly no absence of reverse trans o 


scriptase activity which might explain this 
— generation of reverse transcripts may be 
a major mechanism for replication of 
copia'*, Nevertheless, reverse transcripts 
do not accumulate in the genome of 
Drosophila in the way they have in 
vertebrates. When we know why this is so, * 
we shall be well on the way to 
understanding why the genomes of insects 
are so very much smaller than those of 
vertebrates despite containing much the 
same amount of information. = 
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= SSIR — Saperstein’s use of a discrete 
- recursion model to describe the arms race! 
cds intriguing. He uses equations derived 
from the study of chaotic behaviour, as 
< manifested in fluid dynamics. We have two 
‘theoretical objections, but in addition, his 
model’s predictions do not agree well with 
the available data. 

The model states: 


Xati = day, (1 ~Va) 












a) 
» and 
Ynai = 4bx, (1 ~ Xn) (2) 


where y, represents the ratio of arms ex- 
© openditure to Gross National Product 
(GNP) in country A (say the Soviet Union) 
"In the year n, and x, , , represents the same 
ratio for country B (say the United States) 
the following year. The stability of the 
arms race is predicted from the disposable 
| parameters a and b. 

According to these equations, as the ex- 
. © penditures of nation A approach its GNP, 
© those of nation B approach zero. This does 
not seem reasonable. A kind of saturation 
term might be preferable, but would 
probably not produce the ‘‘chaotic’’ 
behaviour desired. 

Although the ideas are linked 
semantically, the chaos of warfare and of 
| dynamics are otherwise dissimilar. In 
fare, the variables representing arms 
‘es do not undergo a transition to 
ndering unpredictable distribution, as 
he equations imply. Predictably, they will 
show a dramatic increase. 

In his examples of various arms races, 
Saperstein gives data for only two years. 
~ For. the Soviet Union and the United 

States, data are available? for the 10-year 
span 1971 to 1980 (see table below). To 
















compute a least squares estimate for the 


parameter b requires minimizing the 
function 


n~t 


f(4b) = x [4bx,(1~x;)—yier] (3) 


: Setting f'(4b)=0, the function has a 
cain at 


T [x0 
4b =Z 


X)Vi41)] 
(4) 
a [x1 -x )F 
This gives 4b =2.55, or b=0.64 (com- 
= pared with 0.54 as estimated by Saper- 
stein.) Similarly, 4a = 0.467, or a=0.12 
(compared with 0.15). After transforming 





owards a model for the arms race 


the variables in the nonlinear equations, 
linear regression can be performed: 


Vin, = 4bX;,, where X, = x,(1 — x;) (5) 
and 
Xi4i=4aY, where Y¥;=y(l-y,) (6) 


Equation (5) represents the prediction of 
Soviet expenditures based on previous US 
expenditures, and equation (6) the reverse. 

The correlation coefficient measuring 
agreement between the model and the 
actual data is given by 


r = SSyegression! (SSregression + SSresiduais) (7) 
where 


a~t 


SSregression aa 2 (4bX; z wy, (8) 
ist 


=a) LO) 9 


and 


SSresiauais = T (Viss ~4bX,)* (10) 

For the prediction á Soviet expenditures 
from those of the United States, 
r? = 0.518. Analogously, the prediction 
of US expenditures from those of the 
Soviet Union gives r? = 0.130. A plot of 
the residuals demonstrates a clear trend, 
indicating a systematic error in the model. 

For comparison, Hamblin’ obtains 
correlation coefficients better than 0.9 in 
applying his curvilinear model to arms ex- 
penditures before the First World War, to 
“warlike worktime’’ before the Second 
World War and to satellite launchings, 
ballistic missile production and nuclear ex- 
plosions in more recent times. These data 
sets are more accurate than the proportion 
of GNP devoted to arms, which rests on 
many assumptions. The asymmetry of 
Hamblin’s model (in contrast to Saper- 
stein’s) has serious policy implications: he 
assumes one party to the arms race to be the 
leader. 

While Hamblin? and Richardson’ 
discuss the possible meaning of their 
parameters, Saperstein unfortunately does 
not speculate on what might influence the 
values of a and b, and hence the stability of 
the arms race. We share his concern that we 


may be closer to the threshold of war than — 
the model suggests, especially considering | 


the magnitude of actual expenditures 
rather than the theoretical parameters. The 
proportion of resources devoted by the 





Proportion of GNP devoted to arms expenditure 





United States Soviet Union 








Xi Yi 
0.070 0.144 
0.066 0.147 
0.060 0.142 
0.061 0.142 
0: 0.144 





Year United States Soviet Union 
Xj Ji 
1976 0.053 0.134 
1977 0.053 0.131 
1978 0.051 0.142 
1979 0:051 0.143 
0.146 





1980 0.055 











Soviet Union to arms has been ma h 
peacetime only by that of Nazi Ge 
just before the Second World War.) - 
CHARLES D, ROTE 
Department of Mathematics, 
Michigan Technological University, 
Michigan 49931, USA 
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Basement membranes an 
epithelia 


Sir -— There is considerable con si 
over the nomenclature of ‘‘basemet 
membranes” of epithelia. We proposi 
accordance with usage in a number of lead 
ing laboratories, to restrict the ter 
basement membrane to the (usuall 
fibrillar layer produced by the connecti 
tissue fibroblasts, and to use the term 
lamina only for the acellular glycoc: 
immediately underlying the epithelial cell: 
The basement membrane can always 
resolved by light microscopy, th b 
lamina as a rule only by electr 
scopy. The distinction is a morphol 
and operational one and as such is} 
unambiguous. (We leave aside th 
whether the basal lamina may ber 
as part of the basement membrane 
J.G., BEU) 
J. FABER 
K.A. LAWS 
Hubrecht Laboratory, 
Utrecht, The Netherlands 


Gene conversions and 
crossing-over 


Sik — Fink and Petes', in their N 
Views commentary on the interest 
papers by Klein? and by Klar an 
Strathern?, refer repeatedly to the ‘50 
cent rule” relating gene conversion 
crossing over and state that this rule h 
been so compelling as to have been n 


of recombination’. This may give a wro 
impression. As Klein | points out, it has lor 


over far less than 50 per cent of the t 

An association of as low as 10 tọ 30 p 
cent is not at all unusual in Sorda 
Neurospora’ : and Drosophilat. Eve 


his 1973 review’, the figure comes down to 
35 to 40 per cent when proper allowance i is 
made for coincidental crossovers. 

It would be remarkable if virtually every 
current model really were committed to 
50 per cent rule, and in fact this is not s 









































| Radding®, which was put forward for 

quite. another good reason (the need to 

oncile. the Holliday model with the 

creasingly strong evidence for hybrid 

INA on one participating chromatid 

nly),..provides a very plausible way of 
coupling conversion from crossing-over 

any desired extent. According to this 

odel, the first step leading to gene con- 

version is the unilateral invasion of one 
participating chromatid (DNA duplex) by 
ingle DNA strand unwound from the 
other. The reciprocal strand-crossing and 

he formation of the symmetrical cross- 
trand structure (Holliday junction), which 
ypothetically sets up the possibility of 
ossing over, follows later after a series of 
anoeuvres that could easily require 
jal conditions (such as may prevail 
ore or less during meiosis) for their 
ficient performance. An apparently easy 
‘ernative is for the initial single bridge to 
be cut by an ‘endonuclease, the invading 
ngle-strand fragment ligated into the 
cipient chromatid and the gap in the 
lonor chromatid filled by repair synthesis. 

his could lead to conversion without any 
sibility of crossing over. 

‘Since crossing over (both in fact and in 
heory) can be so easily uncoupled from 
-onversion even in regular meiosis, it is no 
irprise to find it largely avoided during 
etic exchange between repetitive 
uences at non-homologous loci, when 
currence would lead to highly 
leterious chromosome rearrangements. 
ut perhaps it is not avoided completely. 
Spontaneous chromosome aberrations do 
occur at a low frequency, and something 
ike a “0.1 per cent rule” governing inter- 
tions between dispersed repeats could 
count for many of these. 
: J.R.S. FINCHAM 








£ partment of Genetics, 
niversity of Cambridge, 


ambridge CB2 3EH, UK 


o Fink, GR. & Peres, T.D, Nature 310, 728-729 (1984). 
«Klein, HLL. Nature 340, 748-753 (1984) 

Klar A,1S. & Strathern, J.N. Nature 310, 744-748 (1984), 
‘Sang. Ho & Whitehouse, H.L.K. Molec. gen Genet. 74, 


Fincham, JRS; Genet. Res, 6, 122-129 (1964). 
hownik,/A., Ballantyne, G.H. & Holm, D.G. Genetics 69, 
ATG 209 (OTL), 
Stadler, DR, Am. Rev.trenet, T, 113-127 (1973). 
Meselson, M.S. & Radding, C.M. Proc. 
Acad. SciU.§, A, 72, 358-361 (1975. 


natn, 


= Fink and Petes! in writing on gene 
version make repeated reference to a 
so-called 50-pér cent rule. According to 
iis, half the intragenic conversion events 
in fungi are associated with reciprocal 
ombination. These authors imply that 
erë is compelling evidence for this con- 
clusion. In reality there is much variation in 
the frequency with which aberrant seg- 
regation is associated with reciprocal 
exchange, with values ranging from 15 per 
cent to 75 per cent (see ref. 2, p. 321). Only 
‘one example seems to be known of a 
satisfactory fit with 50 per cent, namely, 
aberrant 4:4 segregaton at the g spore 


e model proposed in 1975 by Meselson 


colour locus in Sordaria fi imicola™* (and 


see ref. 2, p. 240). 

Klar and Strathern‘ have discovered that 
conversion involved in yeast mating type 
switching during the mitotic cycle is not 
associated with reciprocal exchange and 
Klein® has made the same discovery for 
meiotic intrachromosomal conversion 
between duplicated inverted sequences at 
the HIS3 locus, also in Saccharomyces 
cerevisiae. Fink and Petes', in commenting 
on these results, overlook the evidence of 
various kinds from organisms as diverse as 
Drosophila melanogaster’ *, Secale cereale 
(rye)? and several fungi '™*", that eukaryote 
recombination may be a two-step process, 
with gene conversion events in the first step 
and reciprocal exchange in the second (see 
ref. 2, pp. 324, 336, 343). The results 
obtained by Klar and Strathern’ and Klein® 
could then be accounted for if intergenic 
recombination differs from the normal 
process in lacking the second step. 

HAROLD L.K. WHITEHOUSE 
Department of Applied Biology, 
University of Cambridge, 
Pembroke Street, 
Cambridge CB2 3DX, UK 


1. Fink, G.R. & Petes, T.D., Nature 310, 728 (1984). 
2. Whitehouse, H.L.K. Genetic Recombination: under- 
standing the Mechanisms (Wiley, New York, 1982). 
3. Kitani, Y. & Olive, L.S. Genetics $7, 767 (1967). 
4. Kitani, Y. & Whitehouse, H.L.K. Genet, Res. 24, 229 
(1974), 
5. Klar, A.J.S, & Strathern, J.N. Nature 340, 744 (1984). 
6. Klein, H.L. Nature 310, 748 (1984). 
7. Sandler, L., Lindsey, D.L., Nicoletti, B. & Trippa, G. 
Genetics 60, 525 (1968). 
8. Carpenter, A.T.C. Chromosoma 15, 259 (1979). 
9. Jones, G.H. Heredity 32, 375 (1974). 
10. Fincham, J.R.S. Heredity 33, 116 (1974). 
1}. MacDonald, M.V. & Whitehouse, H.L.K. Genet, Res. 34, 
87 (1979), 
12. Sang, H. & Whitehouse, H.L.K. Genetics 103, 161 (1983). 
13. Theivendirarajah, K, & Whitehouse, H.L.K. Molec, gen. 
Genet. 190, 432 (1983). 





Snookered by colour 
differences 


Sir — Your correspondent William 
Hickmott (Nature 310 731-732 1984) 
reported a hitherto unrecognized property 
of colour. My own part-time socio- 
physiologico-behavioural research, carried 
out over many years, lends further weight 
(sic) to the hypothesis proposed, although 
my extensive data, collected for a different 
purpose, reveal a different ordering. My 
research has been on the influence of the 
recreational context on the liquid con- 
sumption of the adult human male. 

From the mass (sic) of data which I have 
accumulated I extracted the small subset 
relating to a particular recreational activity 
in which pairs of males use sticks to strike 
small spheres of identical size on a large 
green rectangular surface. Naturally, in 
order to minimize the ‘““Hawthorne’”’ effect 
I have always observed from a great 
distance (~103 cm) and have never 
enquired as to their purpose. (1 opine that 
they are amateur physicists constantly 
testing and retesting Newton’s laws of 
motion. Their efforts are, however, 
constantly frustrated since the 
experimental surface has a number of 








roughly circular defects into which spheres 


frequently. disappear.) ES 

All this brings me to the point of my 
observations. The spheres are of different 
colours, presumably to facilitate their dif- 
ferentiation in the heavily polluted 
atmosphere in which these experiments. ` 
usually take place. The behaviour of these ` 
spheres is most curious and for a long time — 
the reason eluded me, but it can be 
explained now by your correspondent’s. 
hypothesis. 

The red spheres behave most oddly of all 
— when they disappear down a defect in 
the experimental artefact they are not re- 
used, unlike the other coloured spheres. 
(This correlates well with your correspon- 
dent’s observations of the red tomato, and 
suggests that the effect of this colour is so 
great that the objects are more easily 
damaged.) As the red spheres disappear the 
effect of the other coloured spheres is more 
easily discernible, although the effects are 
exceedingly complex. 

My computer analysis of the results has 
led me to the inescapable conclusion that 
the colours do indeed display action at a 
distance. The disappearance of the. 
colours, usually temporary, triggers a 
behavioural response in the males which 
manifests itself in the physical moving of 
pointers on a scale displayed on the wall 
near the experiment. I have no idea of the 
function of these scales, but they may be of 
symbolic or ritualistic significance. 

From my analysis (Imperial undimen- 
sional scaling), I conclude that the order of 
the colours is: red, yellow, green, brown, 


blue, pink and black, with white occupying 


an anomalous position on a dimension” 
normal to this. This seems to be almost 
completely the opposite of the ordering 
which your correspondent reported, but 
this need not cause us to reject his basic 
hypothesis. 

The answer clearly lies in the 
observations discussed by John Maddox 
(Nature 310, 723; 1984) — the inverse 
square law needs to be generalized to an 
inverse sphere law in the complex situation 
where more than two bodies are involved. 
As a corollary, the colour of the spheres in 
the experiments to measure G is probably 
the reason for the variations observed. 

DaviD G. SMITH 
41 Tutsham Way, 
Paddock Wood, 
Kent TNI? 6UA, UK 


Scientific Correspondence 


Scientific Correspondence is intended 
to provide a forum in which readers may 
raise points of a rather technical 
character which are not provoked by 
articles or letters previously published 
(where Matters Arising remains ap- 
propriate). 
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_ The once-standard holistic theory of forest succession has more recently been overtaken by 
< darwinian reductionist theory with defects of its own. A less inflexible theory is much needed. 
















THE term succession is used to describe many types of vegetation 
ange on widely different scales in both space and time. In 
cussing forested or potentially forested zones, succession is 
formally defined here as the directional change with time of the 
-species composition and vegetation physiognomy of a single 
site where climate remains effectively constant. Understanding 
“succession is important for two reasons—the value of the con- 
-` cept in the development of ecology as a science and its enormous 
~ potential in the development of programmes for the conservation 
and exploitation of biological resources'*. Succession is 
nevertheless a most controversial issue, involving confrontation 
|< between holism (the view emphasizing unity and integration in 
“mature), and reductionism (in which chance and darwinian 
interpretations dominate). 
‘Primary successions occur on previously unvegetated terrain. 
ial moraines in Alaska, for example, eventually support 
forest after first being colonized by herbaceous plants, 
re succeeded by thickets of willow and alder. Secondary 
sessions occur on disturbed areas, including those converted 
griculture and subsequently abandoned. In parts of the east 
coast of the United States, the herbaceous communities of such 
‘old fields’ are quickly invaded by pines and then by oak, hickory 
and other species characteristic of the original forests of the 
“region. Environmental changes occurring during succession are 
classed as autogenic when they are a consequence of the pres- 
ence of plants. Examples are the accumulation of organic matter 
in soil and the modification of light levels within vegetation. 
Allogenic changes, on the other hand, are those caused by factors 
external to the vegetation. Examples include the deposition 
nof silt by rivers and local temperature changes as glaciers 
retreat. 
o> No direct study of forest succession has so far been possible 
-~ because of the longevity of the organisms involved. Descriptions 
of succession are usually inferred from studies of the vegetation 
of adjacent sites of different known ages, in which case it is 
-necessary to assume that sites differ only in age and not in 
- substrate material, climatic history, past disturbance or the input 
of propagules. Although often reasonable, the validity of this 
assumption is not always. carefully assessed’; descriptive field 
studies rarely provide much insight into the mechanisms of 
successional change, which remain hypothetical and are a major 
concern of the long-standing theoretical controversy over suc- 
cession. 
















Theories of succession 


The development and interrelationships of holistic and reduc- 
inistic theories have been reviewed by McIntosh** and these 
are briefly summarized and contrasted here. Common to both 
theories, however, is the natural history of trees. The broadest 
istinction that can be made between tree species participating 
cessions i is between ‘pioneer’ trees, those species usually 
‘ominent on open sites and absent from forest, and ‘forest’ 











f whi ch Contribute to the nory of mature 


























forest. The classification®’, summarized in Table 1, may be 
‘crude oversimplification’ (see ref. 8), but it is necessa 
presentation of the general arguments on succession’. 0: 
Holistic ecology takes the ecosystem, a unit of environm 
and biota in reciprocal interaction'®, as its object of stu 
Ecosystems are held to possess ‘emergent’ properties—prope 
ties which cannot be inferred from those of the parts of th 
system. Successional change is often considered to occu 
stages through wave-like invasions by groups of species, and 
thought to be controlled by the vegetation itself. Thus autogeni 
change, caused by the presence of a particular species.or grou 
of species, makes the environment suitable for the next gro 
of species and so facilitates successional change. This i 
‘facilitation’ hypothesis. In holistic theory, the developr 
during succession of ‘biological control’ of nutrient cyclir 
also emphasized. Succession is interpreted teleologically a: 
process of development of an ecosystem of maximum stat 
(by the yardstick of resistance to disturbance) and of maxi 
efficiency in the utilization of resources'®. Successional ch: 
is usually held to be orderly, predictable and therefore 
ministic, converging to forest from various different starti 
points. 





Table! Empirically determined attributes of pioneer and mati 


tree species 





Characteristic Pioneer tree Forest tree 
Short distance 
rodent/bird/ 


Relatively hea 


Dispersibility of To long distances 

seed wind/bird/bat 
Seed weight Light to heavy 
Seed germination: 


light-stimulated Yes 
inhibited by far 
red light Yes 
Longevity of 
individual Shorter Longer 


Time to repro- 


ductive maturity Shorter Longer 
Height growth Fast Slow 
Height at maturity Shorter Taller 
Resource acqui- 

sition rates Fast Slow 
Photosynthesis 

light-saturated at High light Low light 

intensities intensities 

Recovery from 

resource limitation Fast Slow 





These categories represent the extremes of a spectrum of ecologi 
pioneer is analogous to ‘r-selected’, forest to ‘k-selected’. Reductioni 
authors assert that these differences between pioneer and mature forest 
species explain all the phenomena of succession (see also Fig: 1) (fr 
refs.7 and 8). 
































































In the past decade, ‘the ‘defects and lack of applicebitity of 
istic theory have been convincingly exposed and a new body 
reductionist theory has developed''"'® based on Gleason’s 
terpretation of the plant community as a fortuitous assemblage 
f species populations, each with a unique behaviour”. The 
ndamental stochasticism of this view is supported by evidence 
of several alternative successional pathways within a given vege- 
tation type'®. The cornerstone of the new successional theory is 
the modern interpretation of Egler’s'? initial floristic composi- 
‘tion (IFC) model (Fig. 1). In this model all the species participat- 
ing in a succession become established at or very shortly after 
initiation. Succession is merely the sequential physiognomic 
dominance of the site by species with different life histories, 
rowth rates and sizes at maturity. The facilitation hypothesis 
rejected, and autogenic changes are seen as neutral or inhibi- 
ory. factors rather than the driving force of succession. The 
theory emphasizes that the availability of resources may decrease 
with succession as the density of individuals increases. Pioneers 
are seen as opportunists exploiting environments free from 
competition’, while forest trees are efficient and conservative 
in their use of resources. This interpretation of autogenesis has 
esolved into two subsidiary models, ‘tolerance’ and ‘inhibition’, 
onsidered more fully below. Although a reductionist, darwinian 
pproach”*”! has given great impetus to contemporary plant 
cology, enjoying the heuristic advantages inherent to reduction- 
sm, the new successional theory has developed independently 
f this mainstream and rests not on new empirical findings, but 
in reinterpretations of existing data. Unease has already been 
xpressed at this development**”’; is there progress if models 
uch as IFC, tolerance and inhibition simply replace the holistic 
ramework as the dogma by which inadequate field data are 











is review is a critical appraisal of the theory as it now 
nds, and suggests a better approach in considering succession. 
e ideas developed in references 11-18 will be referred to as 
reductionistic approach’ and their authors as ‘the reduc- 
onists’. 


eductionist succession 


lerance is the ability of individuals (particularly of juveniles) 
o survive in the poor environmental conditions resulting from 
he high density of other individuals. Foresters have long been 
ware that tree species differ in their ability to become estab- 
shed and grow within a forest®>**. Although this may be due 
n part to factors affecting the availability of soil moisture and 
mineral nutrients, tolerance has come to be synonymous, in 
ecessional theory, with the ability to persist or grow in shade. 
y this definition, pioneer species are intolerant and forest 
ecies tolerant, because pioneer trees cast shade, thereby pre- 
ting their own regeneration and are replaced by forest trees, 
hich can become established in the shade. It is well known 
t felling stands of intolerant pines on old fields increases the 
growth of the tolerant juvenile forest trees in the understorey, 
ising the suggestion that autogenic change (shading) delays 
rather than. facilitates succession''. Unfortunately, however, 
emoving the understorey also increases the growth of pines” 
ntroducing the first constraint on this simple model. 

Some have nevertheless unacceptably adopted tolerance as 
he sole mechanism of forest succession’, Tolerance is clearly 
n essential component of the biology of forest trees. However, 
sing the only mechanism of succession depends on whether 
nvironmental factors other than quantum flux are limiting to 
stablishment and growth, whether the states of these factors 
hange as succession proceeds and whether pioneer and forest 
pecies differ in their responses to these environmental changes. 
At the outset, the possibility must at least be considered that 
uveniles.of some forest trees not only tolerate the environment 
of a pioneer forest canopy, but require it. Silivicultural experi- 
ments in the rain forests of Malaysia, for example, have shown 
a wide variation between species in the responses of apparently 
suppressed saplings to the clearance of canopy trees*. The 
rowth of some species accelerates, as the tolerance model 
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Fig.1 Schematic representation of the initial floristic composition: 
model of succession. Species 1-5 become established at the initis 
ation of the succession, and successively dominate the site due to 
the different lengths of time they take to reach maturity. Species 

1 may represent an annual herb, species 4 a short-lived shrub, and 
species 5 a slow-growing, shade-tolerant forest tree. Species 1-4 
fail to regenerate as they are light-demanding. Late colonization 
by species 6 occurs as a consequence of the release of the inhibitory 
effects upon it of species 3 (modified from Gémez-Pompa and 

Vásquez- Yanes”). 


predicts, but individuals of other species become stunted, sus- 
ceptible to disease or predation, or are killed. 

The inhibition model proposes that the vegetation occupying 
a site prevents the invasion of other species. The best evidence 
for this model is the demonstration of apparent long-term stab- 
ility in certain vegetation types, mainly monospecific stands of © 
clonally spreading shrubs’. These areas may not be typical; 
they are usually small or extremely small, and sometimes have ` 
an unusual management history. Thus inhibition may not be a 
general phenomenon in forest succession; more work is required 
to establish the frequency with which it occurs. 





Initial floristic composition 


Initial floristic composition (IFC) has become accepted as a: 
descriptive model for both primary*'® and secondary súc- ° 
cessions''. Although this model fits field observations more’ 
closely than did holistic ideas, it is certainly not an explanation, 
nor even a general description, of succession. Niering and Good- 
win suggest”? that, with respect to North American old field 
successions, IFC requires ‘conceptual elaboration’ and go on 
to include the supposedly more general cases in which woody i 
species are not present at the initiation of successions, but appear ` 
within a few years. This elaboration neither describes nor 
explains the behaviour of many forest tree species. 

There is a substantial body of information about old field 
successions in several forest regions of the United States. Two 
groups of woody species consistently appear within 10 years of - 
the abandonment of a field. The first comprises short-lived 
shrubs and small trees, and is exemplified by the species of 
Prunus and Juniperus recorded on recently abandoned fields in — 
New Jersey?" The second group consists of larger and longer- 
lived trees which may also occur as components of mature forest. 
In the Carolinas and southern Virginia, this group includes 
loblolly pine (Pinus taeda) and shortleaf pine ( Pinus echinata), 
which may appear in large numbers after one year, the densit y 
of seedlings depending on the proximity | of parent trees??? 
Red maple (Acer rubrum) behaves similarly”’. Despite the claims 
of Niering and Goodwin’? and others, it is clear that almost all 
the oaks (Quercus spp.) and hickories (Carya spp.) characteristic 
of the mature forests of many of the central and eastern states 
of the United States are significantly later colonizers of old 
fields. Colonization by oaks has been recorded between 11 and 
20 years after the abandonment of fields”***, except in two cases 
in which very early colonization was induced by the presence 
of overhanging parent trees’’**.. Longer periods of time elapse 
before the appearance of hickories: sites abandoned for 40 and 
60 years are arnongst the most recent from which new individuals. 
have been reported****. (The one exception is a record of hickory. 





















































dlings after three years on one of the 10 sites monitored over 
years by Buell et ai.”*, but further colonization has not been 
ported ‘during this continuing study’’.) In all the cases cited, 
olonization by oaks and hickories occurred on sites already 
upporting established pioneer vegetation. 

Studies of secondary forest succession in the humid tropics 
have been ignored by the reductionists. The ‘old fields’ of the 
pics are forest clearings abandoned by farmers. practising 
shifting cultivation. It is generally accepted that species of late 
_ Successional and mature forests do not colonize such clearings 
until there is already a well established pioneer vegetation, 
_ dominated by fast growing pioneer trees**?7°-4", 

“In England, primary successions in abandoned quarries 
_-tecently received some attention in a study of the vegetation of 
- three chalk quarries”. Birch ( Betula pendula) and willows (Salix 
pp.) are able to behave as pioneers on bare chalk, while haw- 
thotn (Crataegus monogyna) and English oak (Quercus robur) 
rẹ clearly later colonizers, appearing once the sites already 
ort pioneer scrub (Fig. 2). A survey of 48 chalk and lime- 
tone quarries throughout the country suggests that this pattern 
olonization has been repeated several times® 

On many sites undergoing succession, the seedlings of shrub 
‘tree species such as Crataegus and Prunus spp., and the 
topical genus Cecropia, exhibit markedly clumped distributions, 
-occurring mostly under the canopies of established trees**““~*” 
(see Fig. 3). These species may be very early colonizers of 
abandoned sites, such as orchards which already support 
„ trees“*“, or later colonizers in primary successions, such as 
“those occurring in abandoned chalk quarries. 

‘Different tree species seem not to have become established 
imultaneously at the initiation of any of the successions 
escribed here, so that the simulative and predictive power of 
‘would appear to be limited. Differential seed dispersal is 
bly chiefly. responsible for the failure of this model, but 
does not imply that it is sufficient to regard dispersal simply 
ochastic process in which light wind-dispersed seeds will 
lly go further in a shorter time. The role of animal dispersal 
ectors will be crucial to the colonization of successional sites 

by many woody species. Of the pioneer trees mentioned, the 
pines, maple, birch and willow all have wind-dispersed seeds”, 

¿“while those of tropical forest pioneer trees are widely dispersed 

by birds and bats*'*?. Oaks, hickories, other temperate forest 
“species such as beeches, and many of the trees of undisturbed 
< humid tropical forests have large short-lived seeds**** which 

lack the fleshy pulp and other characteristics of seeds specifically 

. attractive to dispersal vectors, but which are nevertheless dis- 

persed by the hoarding behaviour of forest rodents and birds”. 

_ It is probable that many such forest vertebrates do not enter 
`i open fields or clearings except on brief forays from surrounding 
< hedgerows or forest, as in the case of the red squirrel ( Tasmas- 
< clurus hudsonicus loquax)**, Acorns are a major component of 
_ the diet of the jay ( Garrulus glandularius), which buries them 
in forest, open woodland or around isolated trees, but avoids 
open fields’”**. The genera Crataegus, Prunus and Cecropia all 
_ bear fleshy fruits, dispersed by frugivorous birds (and bats, in 
| the case of the tropical taxon). It is likely that in all these cases, 

colonization of a site requires the presence of trees in which the 

. dispersal vectors may roost**“*“**; similar considerations may 
apply for the dispersal of the many species of canopy trees in 

humid tropical forest. 

_+>’These observations are consistent with the hypothesis that the 
‘presence of pioneer woody species often increases the rate of 
~ colonization of a site by other woody species whose seeds are 
< dispersed by animals and birds since the pioneers render the 
¿site more attractive to dispersal vectors (see also ref. 59). The 
behaviour of the vectors is probably decisive; bird-dispersed 
hrubs do themselves behave as pioneers on old fields in the 
ited States**°°° and in England. The testing of this 
othesis would be welcome. 
few known successions which actually resemble IFC are 
wo types. The first is where forest species with wind- or 
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spersed seeds dominate the local flora, as in the _ individuals of different tree species on mature soils, so that 








NUMBER OF TREES IN AGE CLASS 














| 


5-YEAR AGE CLASS 


ED COs Oe SS E S 
40 50 60 70 


Fig. 2 Succession in abandoned chalk quarries in southeaste 
England. Histograms represent the age structures (excludin 
year seedlings) of populations of birch (Betula pendula, op 
oak (Quercus robur, vertical lines) and hawthorn (Cra 
monogyna, stippled) in representative stands on the three ad 
quarries, in August 1982. Vegetation was homogenous at the se 
sampled, removing species/area effects. a, Site abandon 
approximately 7 years; b, site abandoned for ~35 years; ¢, 
abandoned for ~60 years. Birch is a primary colonizer, appearing 
before abandonment of the sites. Oak and hawthorn are much later 
colonizers; oaks inc were well formed, some attaining the height 
of the oldest birches. Seedlings of hawthorn were recorded. 
in 1982 (Fig. 3). The inset in b records another part of this 
and illustrates spatial. variation in colonization. Although these 
data show populations each with an individualistic behaviour, they 

do not conform to the IFC model. 


upland evergreen forests of Ghana”, on mudflows in Californian 
river valleys”, and on Alaskan glacial moraines. (Other facto 

affecting moraine successions, however, would seem to limit the 
value of IFC in even this case, as will be shown below.) | 
second is the regrowth of forest after clear-cutting, when 

succession is dominated by pioneer trees from viable see 
already present in the soil and the regrowth of forest spe 
from stumps. 


The role of autogenic change 


Implicit in the reductionistic approach is the assumption tha 
different tree species are equally able to become established and 
develop normally in the environment of a newly available site. 
The reductionists, however, carefully do not analyse.contradic- 
tory evidence, probably because it leads towards the facilitation 
model. Drury and Nisbet cite undeniable evidence for the role 
of allogenic change'', but their attempt to refute the hypothesis 
that autogenic soil development plays a role in primary suc- 
cession does not succeed. Botkin emphatically concludes that 
the elements of the reductionistic framework (as defined here) 
are sufficient to account for all the phenomena of succession™ 
His computer simulations reproduce the growth of established 



















































scarcely surprising that environmental changes other than 
hading were found to be unimportant. A large body of observa- 
ions made in other circumstances remains to be incorporated 
nto the reductionistic framework. Part of the difficulty is that 
the evidence is scattered in a wide range of sources, and is not 
always directly related to succession. This is unavoidable in a 
field where progress towards understanding the mechanisms at 
ork has only just begun™. 
Harper, provides a basis for understanding the recruitment of 
!. A germinating seed occupies a ‘safe site’, a microen- 
vironment which provides, for example, dormancy- breaking 
stimuli, the resources necessary for germination (particularly 
:Water and oxygen) and freedom from predators and pathogens. 
icroenvironmental heterogeneity can have dramatic effects on 
eed germinations which varies between species in a manner 
ated to the different sizes and shapes of the seeds. Environ- 
ental factors affecting the survival of seedlings include the 
availability of moisture, temperature variations and predators. 
All of these factors may be modified by the presence of neigh- 
ring plants, and each is subject to autogenic change during 
succession. The accumulation of organic matter in the surface 
of the soil during forest succession on old fields and the 
igors of abandoned chalk quarries increases the retention of 
oisture in the zones most affecting seeds and seedlings**?; 
s is probably a feature of all successions in which organic 
oil horizons develop. In the humid tropics, diurnal soil and air 
mperatures and saturation deficits of the air, are all lower in 
sts than in open clearings, largely because of shading*”” Ge 
deed, such spatial environmental heterogeneity is a general 
ature of forest microclimates”’, and the kind of environmental 
anges to be expected during succession can be extrapolated 
these findings. Pioneer and forest species may, however, 
in their responses to these autogenic changes, as will now 
examined. 
Generalizations are not possible from studies of the environ- 
ntal requirements and tolerances of pioneer trees colonizing 
ar-felled forest sites where removal of forest trees is assumed 
crease the availability of water and mineral nutrients. The 
ioneer trees of primary successions do not enter an environment 
with the freely available resources of clear-felled forests; neither, 
would seem in some cases, do those colonizing old fields. 
: Within young, primary successional birch woodland (Fig. 2, 
ite b); the mortality of seedlings of birch and willow is higher 
n ag chalk than in gaps in a turf of mosses and herbaceous 
?, In a neotropical secondary succession, the recruitment 
m bare soil of seedlings of the pioneer tree Cecropia filicifolia 
as markedly increased by treatments which reduced surface 
mperatures and evaporation”'. It seems certain that tolerance 
periodic drought and other environmental extremes is a 
tical factor in the survival on old fields of pioneer loblolly 
ne, red cedar (Juniperus virginiana) and elm ( Ulmus alata)”®”*. 
important component of the biology of seedlings of pioneer 
cies is that they should be tolerant of, or have a mechanism 
id, high leaf temperatures induced by short-wave solar 
radiation at exposed sites’*.) Examples of sites which become 
dominated by pioneer species suggest that this occurs by toler- 
ation, not by exploitation of the environment. 
There -are very few critical studies on the establishment of 
rést trees in pioneer environments but there is much evidence 
ggest.that forest species do not have the ability of pioneers 
become established there. Acorns are readily killed by heat, 
iccation or winter frost when surface-sown on open sites > us 
jermination requires burial, to protect acorns against environ- 
nental. extremes, to facilitate uptake of water and to protect 
them from seed predators, a major cause of mortality”. These 
characteristics are probably shared by all large tree seeds, pro- 
viding the first potential barrier to establishment on open fields 
and clearings in temperate and tropical zones. 
The next potential barrier may occur at the seedling stage 
ce seedlings of red and white oaks (Quercus rubra and 
OQ. alba) are intolerant of drought and do not survive on drier 
forest sites”: survival of red oak seedlings planted on coal spoil 
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Fig.3 Separation of seedlings of three tree species along a spatial 
gradient in ground cover of leaf litter in site a of Fig. 2, September 
1982. Data are summarized from 60 quadrats of 0,25 m°, 10 ran» i 
domly positioned in each of six 25-m° stands of birth/ willow scrub: 
All quadrats in the 81-100% litter cover class were directly. under 
the canopies of willow bushes. The seeds of birch (vertical lines) 
and willow (open bars) are widely dispersed by wind, but bare 
ground is required for the establishment of seedlings of these 
species. The distribution of hawthorn seedlings (stippled bars) is 
probably a consequence of patterns of seed deposition by 
frugivorous birds perching in established bushes. 


is greatly improved by treatments reducing the high | surface 
temperatures and the incidence of moisture deficits’, On a 
Michigan old field, seedlings of Quercus velutina and Q. alba 
survived when established among herbaceous vegetation, but“ 
not on bare ground”. Even within forest, seedlings of beech 
(Fagus grandifolia) occur much less frequently on dry south- 
and west-facing slopes than on those facing north and east®® 
European beech (F. sylvatica) does not establish from seed on. 
open ground! ; Agathis australis in New Zealand requires the: 
presence of associated shrubs*’. Shade may be required for the — 
successful establishment of seedlings of tropical forest trees of 
the family Dipterocarpaceae", possibly as a consequence of 
intolerance of drought and high saturation deficits, and of the 
high leaf temperatures likely to be experienced in full sunlight. 

Traditional theories assign autogenic development of soil and 
mineral nutrient cycling a functional role in two types of forest 
succession- secondary successions on abandoned shifting culti- 
vation clearings in humid tropical forests, and primary suc- 
cessions on substrates such as glacial moraine. In the former 
type, forest clearings are abandoned when they will no longer 
produce a useful crop, partly because of loss of soil fertility. 
The ecological implications of this have been discussed’. After. © 
abandonment, the site is often invaded by pioneer trees and: 
improvements in soil fertility take place, which has been demon- 
strated on sites in Nigeria and Ghana****, Sites where suchan 
increase in soil fertility does not occur, such as are found in 
Costa Rica®* where the soils are unusually fertile®* > may well 
be atypical. Extrapolating from Jordan and Herrera’ s* con- 
clusions, it is possible that in the humid tropics facilitation may 
operate in successions on less fertile soils such as those of the 
Amazon basin, which are intensely leached. Much work remains 
to be done to resolve this issue. 

The major early constraints on plant- growth during primary 
succession are common to all environments; a lack of available 
macronutrients such as nitrogen and phosphorus and a lack of 
soil organic, matter“? aia In , Physically extreme environ- z 
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‘Fig.4 Composite mechanisms of succession. The tolerance model 
operates in all examples, as light-demanding pioneer trees fail to 
regenerate. Inhibition, tolerance and facilitation affect the coloniz- 
ation and development of forest trees. a, Seed dispersal vectors of 
a large seeded forest tree do not enter a site until pioneer vegetation 
has developed sufficiently to provide a habitat attractive to them. 
The seeds germinate but the seedlings do not develop in thet 
environment of the pioneer vegetation; the seedlings are, however, 
=o oprotected from the potentially deleterious effects of direct sunlight. 
The seedlings develop to maturity on the deaths of individual 
pioneers. Facilitation operates at the seed dispersal stage, tolerance 
` and facilitation simultaneously at the seedling stage. b, A nitrogen- 
fixing pioneer and a forest species become established simul- 
taneously on an extremely infertile mineral substrate. Shade- 
“tolerant juvenile forest trees in the pioneer thicket benefit from the 
$: mitrogen fixation and other environmental changes consequent on 
ii the presence of the pioneer. Open growth forest trees develop more 
Slowly, and are overtopped both by ‘nursed’ individuals and by 
later colonizers. Facilitation and tolerance operate at the juvenile 
stage, although open grown forest trees may also develop to matur- 
ity.c, A similar situation to b, but forest trees are unable to become 
established in the pioneer thicket, colonizing the nitrogen-rich 
_ environment left after the deaths of the pioneers. Inhibition oper- 
“cates at the establishment stage, facilitation at the juvenile stage. 
d-~f, The population patterns associated with each model. Although 
these are similar to IFC (Fig. 1), the actual ecological process that 
the diagrams describe is the outcome of more than simply differen- 
ces in the life-history characteristics and shade tolerances of the 
species concerned. 1, Pioneer tree; 2, nursed or late colonizing 
forest tree; 3, open grown forest tree; vertical axis as in Fig. 1. 


















nitrogen-fixing herbs, shrubs (for example, Dryas drum- 
‘and. small trees (for example, the alders, Alnus spp.) 
ras: pioneers or very early colonizers in successions on 
basalts in Japan?” and glacial moraines in Switzerland, Alaska 
and Canada**-**, These species must be largely responsible for 
‘the marked increases in the amounts of nitrogen and organic 
` matter in the substrates of moraines of increasing age, the factor 
traditionally assumed to facilitate other species. One exception 
- is the Yukon Territory? where the short growing season is 
“probably the dominant ecological factor. 
' “When it was realized that floristic descriptions of primary 
successions often resemble IFC*!', facilitation was then held 
to have been rejected as an explanation of succession. The 
crucial point, however, is that the different models of succession 
are not mutually exclusive. Even where seedlings of forest trees 
-occur in a pioneer environment, both the probability that they 
-s will survive and the rate at which they develop to maturity may 
_ be increased by continuing autogenic changes. Cooper, for 
example, i is convinced that pioneer spruce (Picea sitchensis) at 
Bh sr Bay, Alaska, were permanently stunted and overtopped 
. by later colonizers encountering less extreme conditions”, 
“Other workers have described symptoms of poor growth, chronic 
nitrogen deficiency. andthe probability of high mortality in 
> seedling and juvenile cottonwood (Populus trichocarpa}, spruce 
“and. hemlock (Tsuga mertensiana and Tsuga heterophylla) on 
recent moraines’*""*, These observations, however, do not point 
unambiguously to either holistic model for primary successions, 
and await explanation. Experimental studies on natural vegeta- 
tion are clearly required; attention has, however, been drawn 
-by Bradshaw to the possible functional similarities between the 
“environmental changes of primary successions and those 
“brought about artificially through land reclamation work” 
although. his. generalizations about the amounts of nitrogen 
quired in the ‘ecosystem’ before it will support trees remain 
ubstantiated). Nitrogen-fixing shrubs and trees are widely 
as nurse crops for less robust species while the soil- 
properties of alders have long been appreciated’. 



















wala is recommended as a nurse crop for douglas 
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fir (Pseudotsuga menziesii) on sites low in nitrogen and or 
matter”. In New Zealand, a nurse crop of tree lupin 
arboreus) is essential to the establishment of Pinus radic 
sand dunes”. i 

In conclusion, the generalization that because of the absenc 
of ‘competition’, early successional environments offer gr 
levels of resources than do forests, and the corollary that p: 
trees are exploitative and forest species conservative and toler 
of resource shortages, is not supported by the evidence, Oft 
pioneer trees show tolerance, not of shading, but.of the extre 
temperatures and infertile, often drought-prone substra 
many early successional environments. Forest trees: may b 
tolerant of ‘competition’, but may well not be tolerant of ph) 
cally hostile sites. Indeed, there is no reason to suppose tha 
the two types of tolerance are conferred by the same biologi 
attributes. Pioneer trees cause environmental changes wh 
may alleviate constraints on the establishment of forest tre 
initially adverse environments. But such a hypothesis: a1 
elements of the reductionistic framework are not m uall 
exclusive. 


The third alternative 


The need for a darwinian approach to the analysis of fi 
succession is beyond dispute. Neither reductionist nor holi: 
theories of succession have produced models which explain fiel 
observations. Yet because the reductionist framework has bee: 
described in terms of the Neo-darwinian evolutionary synt 
it tends to be uncritically accepted. As Gould'™ has pointed 
out, the urge to tell (and to believe) a good story affects n 
only holists. 
In essence, the reductionists hold that succession, occurs 
because of the existence of a spectrum of types of life history 
which is the basis of the IFC model. Autogenic change is allowed 
a subsidiary role when its effects are seen as ‘negative’, as 
tolerance and inhibition models. Much importance: is’ also 
assigned to stochasticism, a disorganizing power as elu: iS 
the emergent properties of the holists'°*. The theme of this a icle 
has been that the reductionistic story fails, as it stands, | for i 










A a Seene Approach should be sought, if only as a 

ulus to further investigations. Life histories and tolerance 
will be important factors in any model of forest succession, but 
hey cannot be assumed to provide a complete explanation of 
phenomenon. In considering which other mechanisms are 
involved, it is not necessary to view facilitation as inseparable 
rom the other elements of holism, particularly its teleological 
racter, It is in fact adequate to suppose that the fitness of a 
oneer tree is dependent only on its ability to colonize, grow 
and produce seed:in early successional environments. The con- 
quent environmental changes and the effect on other species 

secondary results of this process. The facilitation model 
ould allow that certain autogenic environmental changes may 
ease the input of seeds, the establishment of seedlings or 
he growth and survival of established individuals of forest 
ecies. Facilitation, tolerance, inhibition and allogenesis are 
erdependent mechanisms in succession and may affect the 
individual successively or simultaneously during its life 
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mechanisms is likely to vary widely between environments, but. 
attempts to classify succession on the basis of a single underlyin 
mechanism only obscure understanding and inhibit progress. 

Reductionism has not solved the succession problem, and 
will not do so while it relies on the same deduction from 
inadequate general models which led to the fall of the holistic 
scheme. For progress, the induction of general theory from 
fieldwork based in the observational and experimental. tech 
niques of plant population biology”?! would seem to have much. 
to recommend it (see ref. 105; unfortunately, not a study con- 
cerned with succession). This recalls the problem of time-scale, 
although many of the problems outlined above could be solved = 
by relatively short-term studies. However, such an approach hass- 
the great advantage of theoretical agnosticism and is the least 
value-laden available. Any other way forward is diffcult to see: 
the general models that have been freely proposed so far are 
wholly inappropriate in relation to the quality and quantity of 
available data. 
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Analogy with models developed for Newfoundland suggests that the ophiolites of the Grampian tract were emplac 
hot, young oceanic crust. The conversion of a mid-ocean ridge-fracture zone system into a subduction zone resulted i 
northward emplacement of a giant ophiolite nappe onto the continental margin in the early Ordovician. This obd ( 
occurred long before the collision between the Laurentian and Baltic Shields. The general features of this model m 
characteristic of orogens resulting from oceanic closure. 






























-- OROGENIC contraction occurs in at least seven ways: (1) above as a distinct event affecting margins. This mechanis 
“subduction zones at continental margins (Andes); (2) on com- responsible for the evolution of the early Caledomides: 
pressional bends of transform faults (Transverse Ranges); (3) developed here. 
by the compressional collapse of intracontinental extensional 
~ zones (Alps); (4) by continent-continent collision (Himalayas); The Grampian Orogen d 
(5) by arc-continent collision (Taiwan); (6) by the collision and There is now general agreement that the Northe 
_ lateral displacement of oceanic plateaus and other exotic ter- Appalachian/ Caledonian orogen evolved by the closing o 
ranes (North American Cordillera); and (7) by ophiolite obduc- Iapetus Ocean', with terminal collision in the late Siluri: 
(Oman). The earliest interior deformations usually involved Devonian in the Caledonides and in the mid-Devoni 

nd blueschist metamorphism, without synchronous = Northern Appalachians? *. The two sides of the orog 
lasse deposition in exterior zones and, therefore, quite different basements, rifting and subduction h 
y occurred below sea level. Collapsed extensional zones their only common feature was their ‘stitching togeth 
rystalline basement rocks above attenuated subcontinental the Tapetus Suture. The plate tectonic setting of the Gra 
mantle in the highest nappes, and lack well developed ophiolites. tract and its Appalachian equivalents. (Fig. 1) has bee 
In orogens resulting from the closure of oceans, the highest sively debated and hypotheses. have fallen into three 
‘nappes are ophiolitic, obduction preceding terminal collision those involving an Andean-type setting above a north-we 















oo. Fig, 1 Simplified tectonic map of 
“the Northern Appalachians and 
British Caledonides restored to the 
pre-Atlantic continental configura- 

tion of Bullard et al.>*. Inset map 
shows the southwestward continu- 
ation of the Appalachians into New 
England. B, Betts Cove Ophiolite 
-<u Complex; BA, Bergen arcs; BL, 

-= Ballantrae Ophiolite Complex; 
2 BOI Bay of Islands Ophiolite 
Complex; BR, Brompton Line; C, 
Coney Head Complex; CB, Clew 
Bay Ophiolite Zone; CR, Cape Ray 
ophiolites; DF, Dover Fault; F, 
Fleur-de-Lys; G, Glover Island HB 
ophiolites; GU, Glen Urquhart; ye: 








LAURENTIAN FORELAND 


HB, Hare Bay Ophiolite Complex; bs > a 
HBF, Highland Boundary Fault; `= si Ceara: an Spin j 
HK, Hamburg Klippe; IB, Inish- ¥{ pS ae hans F 


bofin: IPS, Iapetus Suture; LA, Newfoundland REP L Lha wh 
Lukes Arm Fault; LN, Lough DF a ee! 
Nafooey Fault Zone; LR, Long Avalonian Zone 
Range; M, Mings Bight Ophiolite aia | 
Complex; MA, Mount Albert; MC, | 
“:Morven/Cabrach; MQ, Mac- 
querau; P, Pasadena; PO, Portsoy; 
RP, Reach Fault; SCS, South Con- 
emara Series; SK, Starks Knob; SUF, Southern Uplands Fault; T, Tyrone; TK, Taconic Kippe; TR, Trondheim, U, Unst Ophiolite Compl 
Vermont ultramafic belt. E3, Grenville basement within the orogen: EJ, Infracambrian to early Ordovician sequences in Grampian zon 
wm, Ordovician arc terranes; i, Ordovician/ Silurian accretionary prisms; r++ , main ophiolite suture contact bounding Ordovician are terr: 
Ml, ophiolite complexes; ZZ, oceanic and arc terranes south of the Iapetus Suture; {[ll, Avalon/Cadomian terrane. Continuity 
ës between Newfoundland. and Ireland implies only tectonic squivalence and not necessarily physical continuity. 
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Northern Appalacians and British Caledonides (north to the left). a-c, Eastern New York/Vermont; d, West Newfoundland Platform; é, 
lumber Allochthon and western Fleur-de-Lys sequence; f, g, Bay of Islands and Coastal Ophiolite Complexes and Baie Verte Zone; h-j, 


Fig. 2 Stratigraphical summary of facies, structural, igneous and metamorphic events, and isotopic ages in the orthotectonic zone of the: 








e clastics ; 


ern Burlington, Peninsula and Notre Dame Bay; k, north-west platform; 1, Moine; m, Dalradian; n, Connemara; o, Highland Boundary 
‘ault Zone; p, q, South Mayo Trough; r, Girvan/Ballantrae; s, Southern 


Uplands. fij, Limestone; R], dolostone:E3, shale/mudstone; [7], 


E turbidites; ©, non-marine clastics;Ẹ3}, volcaniclastics; V, intermediate/silicic volcanics; OO, mafic/intermediate volcanics; 
hiolite detritus; A, seamont accretion;@®, ophiolite pillow lavas; ([JJ, sheeted dyke complex/gabbro/ultramafics; thin wavy line, 
‘ormity; thick wavy line, ophiolite basal emplacement aureole; f, fossil control; @, mafic intrusions: x, intermediate/ silicic plutons; ©, 


tamorphic detritus; ©, block moving away along terrane boundary; °, block moving towards along terrane boundary. Isotopic ages for 




















455, basal aureole™; 
Brule Porphy 
lands Complex®!; 


basal aureole Highland Boundary Fault 


nng subduction zone, with? or without’ ridge-trench inter- 
n; those appealing to collisions between the Laurentian 
in and island arcs with southeastward subduction®™"', or 
anic plateaus’? with northwestward subduction; and those 
olving ophiolite obduction either from the south-east? or 
1 the north-west'®. The middle part of the Ordovician period 
a time of fundamental but diachronous tectonic change 
ighout the northwestern Appalachian/Caledonian belt 
least Tennessee to Scotland. The Grampian tract under- 
ent its main. structural and metamorphic evolution before 


orphism was driven by the progressive early Ordovician 

stward obduction of an ophiolite nappe®!5!7-2°, 
ver, in Newfoundland, the post-Humberian tectonic set- 
less obvious, whereas in Scotland the reverse is true: the 
pian event is enigmatic and post-Liandelian northwest- 
vard subduction is evident*. Any model of the early Caledonides 
ust account for the following features of the Grampian tract: 
1) northwestward progression of structural/metamorphic 
nts with the Moine Thrust Zone as the youngest part of the 
land structure;:(2) the gross northwestward vergence of 
the orogen, emphasized by an overall southeastward-younging 
m the older Moine Series tothe younger Dalradian Series: 
3) dominant structural vergence to the north-west with the 


464+ 5, Burlington Granodorite; 469 + 5, basal aureole™; 470, Causeway Diorite™>; 473, Twillingate dykes”®; 475 +10, 
ty°’; 480, basal aureole™; 49445, Brighton Gabbro°?; i 
t $08 +5, Coastal Complex®. |, m: 410-430, Moine cooling ages; 440-460, Dalradian cooling ages; 469-484, Iltay Nappe ©... 
aling ages; 479+ 12, Ardlethen granite; 495-508, low-grade southeastern Daldradian”’; 486 +17, Newer Gabbros®?; 494+36, Ben Vuirich. ae 

ite™*. n, o; 460+ 25, Mannin Thrust’; 460+7, Oughteraard granite; 462, oldest Connemara muscovite; 500, Cashel intrusion™: 515,005) 
Zone (B. J. Bluck, personal communication). r; 484, Colmonell Gabbro™’; 478+8, lava; 506+ 14, 
basal aureole; 510, metapyroxenite; 476+ 14, lava; 501+ 12, lava (Ballantrae Complex). The time scale (in Myr), given in the second column, 
a was generated iteratively from Caledonian/ Appalachian data, slightly modifying a time scale given by W. S. McKerrow. 


501+ 13 and 508+6, Bay of Islands Complex; 504+ 10, Bay of 


exception of the Tay (and possibly Banff) Nappe; (4) that the. 
Unst Ophiolite Complex (Fig. 1) is east-facing and structurally 
overlies the Grampian metamorphic complex. 


Outline of the Grampian model 


Figure 2 summarizes the facies of the Grampian and adjacent 
tracts, giving isotopic ages and other data and interpretations 
that are used as a basis for the model. Figure 3 shows three 
schematic transects of the orogen. 

The Humberian Orogeny in Newfoundland resulted from the ` 
destruction of a late Precambrian and Ordovician continental 
shelf/rise by progressive northwestward obduction of an 
ophiolite nappe (Bay of Islands Complex), whose obduction 
timing is well contrained from Arenigian to pre-Climacograptus. 
bicornis'””°. This coincided almost precisely with the 30-Myr 
existence of a calc-alkaline volcanic arc (Notre Dame terrane). - 
to the south-east that grew on a late Tremadocian ophiolite 
foundation and shows a development from an early Arenigian 


mafic proto-arc to a more silicic late Arenigian/ Lilanvirnian:.: 


mature arc. All well-dated ophiolite complexes in western New- 
foundland are of Tremadocian age, that is, they were generated 
only a few million years before the beginning of their obduction. 

This suggests that the Humberian Orogeny and the initiation, 
growth and termination of the Ordovician arc resulted from the 
nucleation of the initial obduction siteon a newly-formed ridge- 
fracture zone system, southeastward subduction resulting from. - 
progressive northwestward obduction and, finally, collision of << 
the arc and obduction of its ophiolitic foundation and foreare 
















_ Fig. 3. Schematic structural 
sections (drawn to scale) 
long lines indicated in Fig. 
BC, Betts Cove; BVFZ, 
: è Verte Fault Zone; CBFZ, 

Clew Bay Fault Zone; FWS, 
ort William Slide; GGF, 
Great Glen; HBFZ, Highland 
“Boundary Fault Zone; IBS, 
-[ltay. Boundary Slide; IS, 
< Inisbofin Slide; LAF, Lukes 
irm Fault; LNFZ, Lough 
© Nafooey Fault Zone; MAT, 
< Männin Thrust; MBT, Mings 
Bight Thrust; MT, Moine 
«Thrust; RF, Reach Fault; 
‘SBS; Sgurr Beag Slide; SUFZ, 
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i WBFZ, White Bay CA eee 
Zone. EJ, Pre- 
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equences; Moine/ Dal- 





on-marine clastics; —-—.—. , Silurian sediments. 


onto the continental margin'*. An Ordovician arc terrane, lying 
immediately to the south-east of the Grampian tract, occurs 
intermittently from southern New England to the British Isles 
(Fig. 1). In Ireland (Fig. 2q), the Ordovician arc shows a mafic 
cto silicic maturation trend, which had begun by mid- 
<: Tremadocian times and terminated before the end of the 
Arenigian. In western New England, arc volcanism continued 
o early Caradocian times, indicating a diachronous pro- 
of arc development, obduction and collision along- 
towards the south-west. An earliest Llanvirnian intracar- 
disconformity with karsting below and a deepening 
uence into shales and easterly derived chromite-bearing tur- 
‘bidites above, is probably the result of flexural loading of the 
continental margin lithosphere?! by the advancing ophiolite 
© sheet; this arching-deepening sequence is younger to the south, 
- being from early to mid-Cardocian age in eastern New York 
-»(sub-Chazy/Balmville unconformity). 
cov The contact between the Grampian tract and the arc terrane 
4g a steep zone of ophiolite mélanges and south-east-facing 
ophiolite slivers (Brompton/Baie Verte/ Mings Bight/Clew 
Bay/Highland Boundary Line’”'*), and is interpreted as the 
suture zone that bounds the Grampian metamorphic complex 
to the south-east and along which the arc terrane collided with 
- the continental martin®®'”'*, Within this zone and an immedi- 
© ately adjacent tract comprising the highest Dalradian-Fleur-de- 
Lys stratigraphy, ophiolite melanges and ultramafic pods are 
encased in a matrix of greywacke, black slates and graphitic 
© black schists'’?-** (Killadangan and Achillbeg Complexes). 
“These melanges are interpreted as a shear carpet formed as 
ophiolite-derived olistostromes overrun and deformed by the 
northwestward-advancing ophiolite nappe'’. Similar ultramafic 
pods and slivers occur intermittently within the Grampian Zone 
-in Newfoundland )Pasadena, Coney Head”*, Fleur-de-Lys) and 
in Scotland (Glen Urquhard, Portsoy) and are probably remnant 
-= slices of a single supra-Grampian ophiolite sheet tucked into 
the metamorphics along pinched synclinal slide zones. The Unst 
-< Ophiolite Complex is believed to occupy a southeastern root 
‘zone position analogous to the Brompton/Clew Bay Zone. The 
rare occurrences of bluechist in the Grampian Zone are in rocks 
a immediately beneath the proposed ophiolite shear carpet. 
Following the development of early Grampian structures with 
northwestward vergence, the southeastern part of the Gram- 
an tract and adjacent parts of the Ordovician arc terrane were 
ed by southward-verging retrocharriage structures follow- 
the end of arc volcanism, for example, the D4 Mannin Thrust 
nn mara’®, the Mings Bight and southeast- -verging folds 
‘ones of the eastern Burlington Peninsula in New- 
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foundiand, and the rotation of the southern margin of the Tay 
Nappe into downward-facing attitudes along the Highla’ 
Border. In the British Isles, they roughly coincide with the 
Llandelian establishment of northward subduction beneath 
south-facing arc, along the southern edge of which the Southern 
Uplands accretionary prism developed. The southeast-vergi 
late Grampian structures may comprise various combi 
of shear associated with northward subduction, gravity spr 
ing resulting from D1-D3 crustal thickening and rota’ 
fault zones at the southern edge of the rising Gram 
These southward-verging structures appear to be 
poraneous with, or slightly earlier than, a phase of rapi 
and denudation of the Grampian tract that began ~460 
age in the British Isles and ~450 Myr ago in Newfourdlai 
and is evidenced by thick clastic sequences (Fig. 2j,p-s) derivec 
from Grampian and Grenville metamorphic sources 

isotopic age pattern of the Dalradian rocks in the British Is| es? 
indicates a period of rapid uplift, stripping and cooling fror 
460 to 440 Myr. Uplift was essentially completed by earl 
Silurian times in western Ireland, where Upper Llandoveriai 
strata rest unconformably on the Dalradian (Fig. 2); uplifi 
was complete by earliest Devonian times south of the 
Glen Fault, where the Lorne lavas lie unconformably on Gram 
pian metamorphics. Of the maximum of ~30km. that was 
stripped from the Grampian Highlands, 15 km was probably ai 
ophiolite nappe; in Connemara, remnant ultramafic: pods a 
numerous localities along the unconformity between the Dal 
radian and the Upper Llandoverian suggests the stripping o 
~15 km of ophiolite nappe during the mid- and late Ordovician 
The Partry Series in the South Mayo Trough is the ea 
Grampian molasse and, with earlier Ordovician sediments an 
volcanics, was folded before the Upper Llandoverian; a phase 
of shortening which was probably coincicent with the m 
Ordovician late D3 to D4 events affecting the Dalradian. Alon 
the southeastern margin of the Grampian Orogen, a short b 
diachronous lutite lull (Glenummera Slates in western Ireland 
Nemagraptus gracilis-C. bicornis black slates of Newfoundland 
immediately followed arc termination and preceded uplift. Thus 
we suggest, the final stages of collisional shortening led to a- 
‘flip’ in subduction polarity and the beginning of Grampia 
uplift and denudation. 



















































Grampian ophiolite obduction 


All giant ophiolite nappes, including those of Ordovician ag 
in the Appalachian/Caledonian system, are characterized by 
very short (<10 Myr) interval between ridge-fracture zone gen 
eration and their subsequent obduction detachment™®", h 
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ig. 4 Nucleation of obduction zone on a ridge transform plate 
yundary and its fracture zone extensions. a, Plan of ridge/trans- 

fracture zone indicating lines of section in b and d (VX) 
and cand e.(YZ). TD, transform domain ;[], polyphase-deformed 
rocks of transform/fracture zone. b, Section across a fracture zone 
ith a contrast between 10 and 20 Myr lithosphere showing detach- 
ent of a 15-km-thick ophiolite sheet with a frontal portion of 
re zone rocks, FZ, fracture zone; black areas, mafic rocks; 
areas, ultramafic rocks. 1, Brittle; 2, semi-brittle; 3, low- 
rature ductile; 4, high-temperature ductile; 5, plastic: 6, 
locity zone. W, Range of pressure estimates from basal 
le**; @, bases of 12-km and 15-km-thick ophiolite sheets. c, 
ion across. a ridge showing detachment of an ophiolite sheet 
g the 950°C isotherm (solid W and @ as in b). d, True-scale 
on VX. e, True-scale section YZ generated at a half-spreading 
rate of 2 em yr’. 


rted high-temperature metamorphic sole aureoles”*®, initial 
ment thicknesses of between 10 and 15 km”, commonly 
primitive calc-alkaline arc volcanics, and may have oceanic 
ture zone assemblages along the leading obduction 
18793) This is consistent with the detachment of a slice of 
eanic crust and mantle, almost immediately after its genera- 
long a ductile zone at or near an accreting plate boundary 
tacture zone, or a combination of both (Fig. 4). The 
ighest-temperature part of the obduction aureole in 
/ of Islands Complex was generated at ~950 °C (refs 32, 

e base of a 15-km ophiolite slab, a temperature/depth 
appropriate for oceanic lithosphere <10 Myr old (Fig. 4c). 
iolite obduction is easier shortly after generation because 
C potential detachment surface becomes progressively 
as the lithosphere ages (Fig. 4c). It is less clear what 
ses ridge > obduction zone conversion. Opening and closing 
ack and intra-arc basins has been suggested”* but this is 
ely for Grampian ophiolites because they predate immedi- 
tely volcanic arc development (Fig. 2f-j). Three principal 
echanisms seem possible. First, changes in relative motion and 
ate and plate boundary stress patterns may result from 
gional or global plate boundary reorganization. Obduction by 
ch a cause is likely to be roughly synchronous along great 
lengths of a continental margin, to predate arc develop- 
ment in the region and not to involve substantial syn-obduction 


A second mechanism is related to an evolving trench/trans- 
form triple junction such as the Pacific/ North American/ Faral- 
lon junction on the early Tertiary Californian borderland. Flakes 







































Fig. $ Central portion of lower hemisphere equal-angle stereo- 
graphic projections showing two plate boundary geometries that ; 
allow a close sequential relationship between ophiolite generation. _ 
(double line) and beginning of obduction (barbed line). Platesb o 
and c rotate around poles ba and ac respectively, which are fixed 

in the frame of reference of the projection and plate a. be;, The 
instantaneous rotation pole that describes the relative motion of 
plates b and c. 3, Area of plate c subducted beneath plate b after 

60° of rotation of plates b and c around ba and ac, respectively; 

[E] area of plates b and c generated and not subducted, 1-4 
represent localities in order of decreasing age at which ophiolite 

generation is shortly followed by obduction. 





of newly-formed ophiolite could continuously transfer toa 
transform segment that had just been a subduction zone. This 
obduction mechanism would involve rather small flakes with 
substantial rotations and would terminate rather than precede 
volcanic arc activity. A third mechanism results from an inevi- 
table consequence of plate boundary evolution—the progressive 
change in position of plate boundaries relative to the poles of 
rotation that describe their relative motion. Where ridge-fracture. 
zone systems pass through or lie close to instantaneous rotation. 
poles, a progressive change from plate divergence to conver- 
gence is possible’* (Fig. 5a,b). This mechanism must generate 
diachronous change from spreading to obduction and is unlikely 

to cause substantial syn-obduction rotations. 

The first and third mechanisms seem likely for large-scale 
ophiolite obduction, where ophiolite generation generally pre- 
cedes arc growth. An example of the first mechanism may be 
the roughly synchronous Neotethyan late Cretaceous obduction 
from Cyprus to the Himalayas. The progressively later growth 
and demise of the Ordovician arc-along-strike to the south-west 
within the Appalachian/Caladonian Orogen is best explained 
by the third mechanism. oe 

Obduction detachment at a fracture zone'®*’ produces a __ 
different configuration from detachment at a ridge crest? 
Fracture zone obduction (Fig. 46,d) will involve an ophiolite 
nappe of approximately uniform across-strike but varying alonge- 
strike thickness, with a sheeted dike trend normal to the detach: 
ment line. Frontal nappe assemblages will consist of mafic/ultra- 
mafic assemblages generated along a fracture zone with compli- 
cated polyphase structural and magmatic histories, which form 
the principal obduction aureole protoliths. Assuming an obduc- 
tion detachment surface dip of 5° and a converge rate of 
2cm yr™', the first gabbroic protoliths near the base of the 
oceanic crust will take 4 Myr to reach the highest aureole tem- x 
perature and the uppermost. oceanic crust will take 8 Myr. a 


























y contrast, ridge crest obduction will generate an ophiolite 
ppe with approximately constant along-strike thickness, 
_ -but-thinning in the direction of obduction with a sheeted dike 
- trend parallel with the detachment line. Frontal nappe as- 
‘semblages will consist of newly generated oceanic crust and 
‘mantle and will form the earliest obduction aureole protoliths 
with temperatures as high as 1,200°C at pressures as low as 
‘2 kbar. 
In Newfoundland, the evidence favours ophiolite detachment 
-along a north-east-striking fracture zone (Coastal Complex), a 
«continuation of the dextral transform portion of a long trans- 
‘form/short ridger system approximately parallel with, and a few 
hundred kilometres from, the early Ordovician continental 
1> margin”. The obduction aureole comprises, the first stages of a 
“progressive northwestward and downward Arenigian nappe- 
“stacking sequence that culminated with the emplacement of the 
> whole Grampian nappe assemblage onto the platform during 
- the mid-Ordovician. The progressive diminution of aureole tem- 
= perature and pressure (Fig. 6f) indicates cooling and thinning 
f the ophiolite sheet during obduction. In a compressional 
- regime, the thinning is unlikely to be tectonic in origin, nor can 
< it have been due to syn-obduction erosion of a planar ophiolite 
_ sheet because the highest parts of the oceanic crust are preserved 
tn the Bay of Islands Complex. Also, the earliest stages of 
“thrusting of a 15-km sheet of 10 Myr ophiolite across a 20-Myr 
oceanic lithosphere would involve wholly submarine obduction 
with water depths of ~3 km. Even during the earliest stages of 
late D1/D2 progressive stacking of Dalradian continental mar- 
gin sediments, shortening was occurring in a zone of thin con- 
= tinental crust and, therefore, emergence would have taken place 
only when the crust and sediments were restacked to above 
30. km? 
goo This event is witnessed by the Llanvirnian Crabb Brook** 
~ ophiolitic clastics (Fig. 2e) that rode on the Bay of Islands 
_ophiolite complex. Thinning of the ophiolite nappe was prob- 
mainly due to. D3 buckling and erosional stripping, account- 
ng for steeply dipping complete ophiolite sections transected 
by the final obduction thrust (Fig. 6d). During this early 
Arenigian early obduction phase, the obduction aureole and the 
highest Dalradian rocks in ophiolitic wildflysch sequences, such 
as those of Clew Bay”’, assume great significance because they 
probably record a direct relationship between structure and 
fabric and the obduction slip direction, which in turn is likely 
to: be, more or less, the direction of relative motion of the plate. 
The aureole, in particular, will record the very earliest conver- 
gence slip direction following and perhaps progressively chang- 
ing from the ridge transform direction, which will be preserved 
in the frontal portio of the ophiolite sheet and, more obscurely, 
in ophiolitic blocks in the highest wildflysch. Complicated struc- 
tural sequences in mafic protoliths in metamorphic belts with 
younger structural sequences must be viewed, therefore, with 
< extreme caution; they may represent obducted fracture zone 
“rocks and not portions of an older crystalline basement. System- 
atic studies of early obduction structures have not been under- 
taken and are of paramount importance in attempts to relate 
structural geology to plate tectonics. 
As D3 shortening progressed, the regional plane strain that 
had characterized D1 and D2 led to a progressive loss of the 
relationship between slip vector and fabric and to more compli- 
cated regional strains, partly driven by body forces involving 
flaking, wedging and rotation, with axial extensions and con- 
sequent strike-slip motions in a locally 70 km-thick crust. D3 
- Shortening, with complexities probably partly due to the 

irregularities of the Laurentian rifted margin, choked the obduc- 
tion zone, terminated the arc and led to D4 rotation®® and 
etrocharriage and to northward subduction beneath, and uplift 
f, the Grampian tract (Fig. 6d,e). Mafic intrusions occur in 
-several parts of the Grampian tract (Cashel Suite in Connemara, 
_ Newer Gabbros in Scotland) and predate D3. If they are the 
roots of arc volcanics”, this model is invalidate, at least for 
- the British Isles, because they would imply northward subduc- 
ion during the Arenigian, They may, however, have been 
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Fig. 6 a-e, Approximately true-scale schematic sections: t 
account for the Grampian Orogeny, illustrating the progressive: 
obduction of an ophiolite sheet across, and the sequential stacking 
of, a continental rise and continental shelf, the shortening. and 
thickening of the continental margin rocks and the consequent flip 
in subduction polarity; for symbols see Fig. 3. f, Pressure 
temperature plot of rocks of the basal aureole’’, Al, two-pyroxene 
amphibolites; A2, amphibolites with trondhjemitic partial melts; 
A3, garnet-epidote amphibolites ; A4, actinolite~greenschists; wgm 

wet granite melting curve; B, crossite-bearing metamorphics 


developed in strike-slip pull-aparts or by delamination of t 
lithosphere*® during shortening. 


Displaced terranes and the closure of lapetus 


The Bay of Islands fracture zone model” implies a right-lat 
component of Tremadocian/Arenigian relative plate. mo’ 
across the Grampian Zone. Post-Llandeilian relative moti 
however, until the late Silurian to mid-Devonian diachro 
closure of Iapetus, involved a substantial component of. 
lateral displacement. Very large sinistral late Devonian- 
Carboniferous displacements have been suggested*”** to have 
occurred along the Appalachian/ Caledonian chain, but the ge 
logical evidence clearly shows Carboniferous motion to have 
been right-lateral'**'. We believe that all sinistral motion occur 
red between Caradocian and mid-Devonian times, based on the 
following evidence. The Great Glen/Leannan Fault and oth 
roughly parallel faults moved during the early Devonian® and 
probably have a total cumulative offset of a few hundres 
kilometres. Extensional bends in associated shear zones wer 
critical in controlling the emplacement of granite plutons”’. Th 
Highland Boundary Fault truncates the Dalradian terrane 
juxtaposes it with the Midland Valley, which appears to consist 
of a Grenville basement stretched and underplated by a mafic 
lower crust during the latest Precambrian (B. J. Upton, pers 
communication) with superposed early Ordovician ophi 
obduction, a terrane very similar to the Long Range of sout 
west Newfoundland. Their original contiguity implies a sinistra 
displacement of at least 1,000 km which probably occurred from 
late Silurian to the end of the early Devonian, giving a slip rate 
of ~5 cm yr7', This large sinistral motion would account for the 
entrainment of a wide variety of Ordovician and Silurian rock 
along the Highland Border™. This further implies that the clas 
surce of the Southern Uplands accretionary prism, which must 
have travelled at least as far as the Midland Valley, cannot.ha 
been the Scottish Highlands, a notion supported by the fact. that 
the Lower Devonian rocks of the Midland Valley have a source _ 
other than the Scottish Highlands”. 

In western Ireland, the Dalradian rocks of Connemara are 
an anomalous position to the south of the Clew Bay Ophiolite 
Zone and the Ordovician volcanic rocks of the South Mayo 
Trough***’. The latter cannot have been thrust across the 














alradian because. their very ‘peescivation means that they 


caped the large uplifts and denudations (> 15 km) suffered by 
Grampian metamorphics and hence cannot be underlain by 
radian rocks. Upper Llandoverian strata rest unconformably 
cross a concealed contact between the Ordovician rocks of the 
South Mayo Trough and the Connemara Dalradian where the 
Lough Nafooey Fault Zone was a major controlling influence 
n Arenigian volcanism and sedimentation”. This fault zone is 
Nterpreted here as a major post-Llandelian, pre-Upper Llan- 
loverian strike-slip fault along which Connemara was displaced 
‘rom the set by ~500 km. Lastly, early Devonian terminal closure 
f. lapetus in north-central Newfoundland had a strong sinistral 
component as evidenced by sets of sinistral Riedel faults in New 
World Island between the Lukes Arm and Reach Faults. The 
um of all these post-Grampian sinistral motions is at least 
800 km and had the effect of severely modifying, by strike-slip 
ssion and repetition, the Grampian tract and its post-Llan- 
deilian subduction—accretion neighbouring terrane to the south, 
d may have been responsible also for substantial pre- 
isional modification to the southern margin of lapetus such 
the truncation of the Lake District forearc region”. Perhaps 
e: northern margin of Iapetus between Llandeilian and late 
rian times was similar to the Mesozoic-Cenozoic western 
argin of North America where complex plate interactions were 
en by roughly strike/slip motion between the large plates. 


onclusions 
ie pre-Grampian margin of the Laurentian Shield in the 
ypalachians was a continental shelf-rise generated by latest 
cambrian continental separation. Continental separation was 
talded by the eruption of the Tayvallich and Lighthouse Cove 
¢ lavas. The Dalradian rocks were evidently laid down in 
asin bounded to the south by a horst’. The pre-Grampian 
ight-lateral phase of offshore ridge/transform tectonics may 
‘been responsible for the removal of this cystalline horst 
perhaps now the basement of the Ammonoosuc Zone in western 
w England), much as the opening of the Gulf of California 
transporting a narrow Baja continental sliver northwards to 
en up the transform continental borderland of Mexico. The 
fishore ridge/transform boundary was converted, almost 
mediately and probably diachronously, along the length of 
Appalachian/Caledonian Orogen, into an obduction zone 
ting Tremadocian-early Arenigian times. It was the progres- 
'e northward obduction of a 15-km ophiolite sheet that stacked 
ubjacent Dalradian nappe pile, to the south of which grew 
in Arenigian volcanic arc on a Tremadocian ophiolite founda- 
n. Grampian crustal shortening was below sea level for a 
stantial part of the early Ordovician until rapid D3 shortening 
crustal thickening led to a flip in subduction polarity, the 
inning of southward-verging subduction accretion and rapid 
lift and stripping of the Grampian tract. The ophiolite nappe 
reserved in the steep suture zone between the arc and the 
radian terrane and where it reached the platform. In the 
ifted. and denuded axial part of the Grampian Zone, it is 
reserved only in high-level slide zones in lower grade regions. 
The.obduction model proposed here may be a template for 
he evolution of most Barrovian mountain belts of Grampian 
pe that evolve prior to terminal oceanic closure. Major 
phiolite obduction seems to occur long before continental 
lision and emphasizes the observation of Hess” that the great 
ine-type ultramafic belts were generated during the first 
aajor deformational events in the mountain belt that contains 
im. This massive scale of obduction appears to result from 
dge-fracture zone > obduction zone conversion and may be 
gnificant with regard to global plate tectonics. As in the early 
rdovician, a similar period of widespread obduction occurred 
| mid- and late Cretaceous times and was also temporally 
incident with blueschists, arc activity, seamount-continental 
margin collision, continental margin orogeny and widespread 
tform carbonate signalling a high sea level and rapid sub- 

duction”. 

The post-Grampian sinistral motion of almost 1,800 km has 





implications forthe relationship between. the Grampian ı margin i 


of the Laurentian Shield, the Avalonian terrane and the Baltic 
Shield (Fig. 1). If this relative motion were carried along-strike 
between Greenland and Scandinavia, it would imply that the 
south-east-verging Scandinavian Caledonides were opposite 
Newfoundland and Ireland in immediately post-Grampian 
times. As a more plausible explanation, we suggest that a major 
oceanic triple-junction complex existed in the North Sea"! 
between the Scandinavian, British and North German 
Caledonides and that subduction along the latter absorbed a 
large part of the Avalonian-Laurentian relative motion. Con- 
siderable differences exist between the Grampian tract in the 
Appalachians and Caledonides. In the Appalachians, a narrow 
zone of Grampian thrusting and ophiolite obduction was com- 
pleted by mid-Ordovician times and the Connemara Dalradian 
was stripped by late Llandoverian times. In Scotland, the Gram- 
pian Zone is wider and thrusting continued into the Silurian in 
the Moine terrane”. A possible explanation is that a D4 subduc- 
tion polarity change following D1-D3 obduction was followed 
shortly by Silurian continental collision between the Laurentian 
and Baltic Shields and by progressive oceanic closure, with a 
strong sinistral component, culminating in late Silurian to mid- 
Devonian collision between Avalonia and a semi-consolidated 
Laurentian/ Baltic continent. This collision induced Devonian 
sinistral strike-slip between the Laurentian and Baltic Shields 
(Great Glen phase). Before terminal closure of Iapetus, major 
strike-slip faulting occurred along the Grampian borderland of ©. 
Laurentia. Of the 1,800km of Avalonia-Laurentia relative 


motion, about 500km was absorbed by late Silurian-early — 


Devonian shortening in the North German/ Polish Caledonides, 
and the remainder accounted for the Devonian left-lateral dis- 
placement of Scandinavia relative to Laurentia. 

We acknowledge discussions with D. H. W. Hutton and 
N. J. Soper, who in complementary work have reached similar 
conclusions about separate Laurentian-Baltic and Laurentian- 
Avalonian collisions. We thank W. S. McKerrow and H. 
Williams for critical reviews. 
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Cloning and sequence analysis of cDNA for the Electrophorus electricus electroplax sodium channel indicate that 
protein, consisting of 1,820 amino acid residues, exhibits four repeated homology units, which are presumably oriented i 
.a pseudosymmetric fashion across the membrane. Each homology unit contains a unique segment with clustered pos 
charged residues, which may be involved in the gating structure, possibly in conjunction with negatively charged residi 


red elsewhere. 


sodium channel is a membrane protein that mediates the 
voltage-dependent modulation of the sodium ion permeability 
of electrically excitable membranes’. The ionic basis for the 
generation of action potentials has been well understood’. The 
initial increase and subsequent decrease in sodium ion permea- 
bility during an action potential implies that the sodium channel 
can exhibit at least three distinct functional states: resting 
(closed), activated (open) and inactivated (closed). A variety 
of pharmacological agents, including neurotoxins, affect the 
complex function of the sodium channel*. The use of binding 
assays based on the high specificity of such neurotoxins has 
permitted purification of the sodium channel from the electric 
organ of the eel Electrophorus electricus*~’ as well as from rat 
»brain®, rat skeletal muscle? and chick cardiac muscle’”. It has 
been reported that the Electrophorus sodium channel’ and its 
' avian counterpart” consist of a single polypeptide of molecular 
“weights 260,000-300,000 and 230, 000-270, 000, respectively, 
whereas its mammalian counterparts®’ contain, in addition to 
_.the corresponding large polypeptide, two or three smaller poly- 
-peptides of molecular weights 37,000-45,000. The purified eel 
and rat sodium channel preparations have been shown to be 
functional when reconstituted into phospholipid vesicles! =$, 
To understand the molecular mechanisms underlying the 
selective ion transport and voltage-dependent gating operated 
by the sodium channel, it is essential to elucidate the primary 
structure of the constituent protein. Using recombinant DNA 
techniques, we have now cloned DNA sequences complemen- 
tary to the messenger RNA coding for the sodium channel 
protein of El. electricus electroplax. Nucleotide sequence analy- 
| sis-of the cloned cDNA has revealed the complete amino acid 
- sequence of this polypeptide. 










_ Partial amino acid sequence 


initial approach used to clone cDNA sequences for the 
idium channel protein was to combine immunological screen- 
| CDNA expression library with identification of the 





















isolated clones by comparison with the partial ami 
sequences determined by peptide analysis. The sodium ch 
protein from El. electricus electroplax was solubilized 
Lubrol-PX and purified by chromatography om DEAE 
Sephadex and gel filtration on Sepharose 6B (refs 5, 6), fo 
by gel filtration on Sepharose 4B in denaturing conditions’ 
gel permeation HPLC (see Fig. 1 legend). This procedure yield 
a homogeneous preparation (Fig. 1A). The purified protein w. 
digested with trypsin, and the resulting peptides were fraction 
ated by reverse-phase HPLC (Fig. 1B). After rechromatogr. 
(Fig. 1C), five peptide fractions (fractions Ib, Ha, HIb; [Va 
Vb) were isolated and analysed for amino acid sequence wit 
the use of a gas-phase sequencer". Six peptide sequences 
thus determined (Fig. 1D); fraction Ib proved to contain 
peptides. Attempts to determine the amino-terminal sequenc 
of the whole sodium channel protein by Edman degrad 
were unsuccessful. 


























Isolation of cDNA clones 


A library of cDNA clones was constructed with poly(A) 
containing RNA from El. electricus electroplax as template 
the plasmid expression vector pUC8 (refs 16, 17). Screening o 
the cDNA library’ with rabbit antiserum to the purified: E 
electricus sodium channel protein yielded four immunologicall 
positive clones from ~$ x 10° transformants. Plasmid DNA was 
isolated from the four clones, and the cDNA insert. of 
clone was subjected to blot hybridization analysis!® with — 
synthetic oligodeoxyribonucleotide probe containing all poss 
ible cDNA sequences predicted from the partial amino aci 
sequence Thr-Phe-Phe-Glu-Pro of the tryptic peptide Vb (se 
Fig. 1D, e); the third position of the proline codon. was no 
included. Only one of the four clones, pSCHI (see Fig. 2) 
carried a hybridization- -positive cDNA insert. Nucleotid 
sequence analysis’? of this cDNA insert revealed that ¢ ne 
pSCHI contained a 426-base pair (bp) cDNA insert including 
the coding sequence for the whole known amino acid sequence: 
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Fig. t. Purification and partial a amino acid sequence analysis of the El. electricus sodium channel protein, A, Electrophoretic analysis of the purified protein on.) 
‘SDS-6% polyacrylamide gel**. The size markers used were chicken ovalbumin (molecular weight (M,) 45,000 (45K)], bovine serum albumin (M, 68K), rabbit 
muscle phosphorylase b (M, 93K), Escherichia coli B-galactosidase (M, 116K) and rabbit myosin heavy chain (M, 200K); bromophenol blue served as tracking 
_dye. The polypeptides were stained with Coomassie brilliant blue, B, Reverse-phase HPLC of tryptic peptides. The tryptic digest was directly loaded onto a 
hemcosorb 34 Cyg-H column (8 x75 mm; Chemco) equilibrated with 0.1% trifluoroacetic acid, and a linear gradient of 0-60% acetonitrile was applied over 
in at a fow rate of 2mlmin™'; a Hitachi 635 HPLC system with a solvent programmer was used. The eluate absorbance at 210 nm was recorded with a 
itachi 41:UV monitor, Five fractions (I-V) corresponding to absorbance peaks were collected. C, Second reverse-phase HPLC. Fractions I, 1, TJ, IV and V (a, 
i and e, respectively) were further purified by reverse-phase HPLC on a Novapak 5u Cy, column (3.9 x 150 mm; Waters). The column was equilibrated with 
ammonium acetate buffer, pH 6.0 (a), 0.1% ammonium acetate buffer, pH 6.0, containing 10% acetonitrile (b) or 10mM ammonium formate buffer, pH 
containing 10% acetonitrile (c~e), and a linear gradient of 0-60% (a), 10-60% (b) or 10-50% acetonitrile (c-e) over 60 min was used at a flow rate of 
ml min". Peak fractions (Ib, Ha, IIb, IVa and Vb) were collected. D, Sequence analysis of peptides. Fractions Ib (a), Ha (b), IIIb (c), IVa (d) and Vb (e) 
ere subjected to amino acid sequence analysis with a gas-phase sequencer (model 470A, Applied Biosystems). Phenyithiohydantoin (PTH)-amino acids were 
a by HPLC at 50°C using an Ultrasphere ODS column (4.6 x250 mm; Altex) with a three-solvent gradient (acetonitrile, water and 40 mM sodium acetate 
iffer, pH 5.6) ata flow rate of 1 ml min™’. The yield of PTH-amino acids at each cycle of Edman degradation i is shown; the one-letter amino acid notation is 
Fraction: Ib was a mixture of two peptides, whose sequences were assigned as indicated, assuming that glutamine is shared by the two peptides at the fifth 
no acid position. 

nods: Approximately 2 mg of the partially purified sodium channel protein (Sepharose 6B fraction™*), derived from about 200g of El electricus electric organ 
World Wide Scientific Animals), was further purified by gel filtration on Sepharose 4B in denaturing conditions’. Fractions enriched. in ‘sodium channel protein 
from '~600 g of electric organ) were combined and alkylated at 25°C for 30 min with 0.1 M iodoacetamide in the presence of 0.13 M 2-mercaptoethanol, 
SDS and 0.4 M Tris-HCI buffer, pH 8.0. After desalting with a Biogel P-100 column (1.5 X20 cm) equilibrated with 0.02% SDS, the sodium channel protein 
as finally purified by gel permeation HPLC on a TSK 4000 column (7 x600 mm; Toyo Soda) using 50mM sodium phosphate buffer, pH 7.5, containing 0.1% 
SDS ata flow rate of 0.5 ml min™'; the yield was ~300 pg. The purified material was dialysed against water, lyophilized and dissolved in 90 pl of 0.1 M ammonium 
icarbonate containing 10 mM CaCl. TPCK-treated trypsin (Worthington) was added at a sodium channel protein/trypsin ratio of 100. After incubation at 37 °C 
for 12h, a further identical aliquot of TPCK-treated trypsin was added, and the incubation was continued for additional 12h. 


he tryptic peptide Vb. When total RNA from El. electricus hybridized with the pSCH1 probe, whereas only 6 of them. - 
ectroplax was subjected to blot hybridization analysis”? with hybridized with the pSCH4 probe. Clone pSCH14, which — 
DNA insert of each of the four clones as probe, an RNA apparently harboured the largest cDNA insert among the 14. ~. 
species of ~8,000 nucleotides. was hybridizable not only with clones, contained the whole cDNA sequence carried by pSCH1, 
SCH1-but.also with another clone, pSCH4 (see Figs 2, but did not extend to the 5’ end of the cDNA carried by pSCH4 
hybridizable RNA was detected with the two remaining (see Fig. 2). Therefore, additional ~1 x 10° transformants from 
the same Okayama-Berg library were screened with a hybridiz- 
ation probe derived from the 5’-terminal portion of the cDNA 
insert of pSCH4. Thus, five hybridization-positive clones were 
isolated. One of these clones, pSCH50, which apparently con- 


ax and the Soom vector elaborated by Okavanin, and Berg?’ tained the largest cDNA insert among them, extended beyond 
sreening of this library”? by hybridization with the combined the 5’ end of the cDNA insert of pSCH4 (see Fig. 2). 
eDNAi inserts.of clones pSCH1 and pSCH4 yielded 14 hybridiz- Because clone pSCHS50 apparently did not carry the entire: 


1-positive clones from ~2 x 10° transformants. All 14 clones protein-coding sequence, however, additional clones harbouring 
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Fig.2 Strategy for sequencing cloned cDNA encoding the El. electricus sodium channel protein. The restriction map displays only relevant restriction endonuclease 
sites, identified by numbers indicating the 5’-terminal nucleotide generated by cleavage (for the nucleotide numbers, see Fig. 3). The poly(dA) -poly(dT) tract and 
the poly(dG)- poly(dC) tails are not included in the restriction map. The protein-coding region is indicated by a closed box, the sequence used for specific priming 
of reverse transcription by a small open box and the sequences used as hybridization probes for selecting clones by hatched boxes. The direction and extent o! 
sequence determinations are shown by horizontal arrows under each clone used; the sites of 5’-end labelling are indicated by short vertical lines at the end 
arrows. The slash marks at the end of arrows mean that the site of 5'-end labelling was located on the vector DNA? (Hpall, Pstl or Poull), on the 
DNA (EcoRI or Sall} or at the boundary between the 3/-non-coding sequence and the poly(dA): poly(dT) tract (Akal II) as follows: EcoRI (left marks) and Sa 
(right marks) for pSCH1 and pSCH4; Ahalll (upper right mark) and Poull (lower right mark) for pSCH14, PstI (left mark) and Peull (right mark) for pSCHS0: 
Pst] for pSCH331 and pSCH377, Hpall for pSCH411. Be tee 
3) Methods: Total. RNA was extracted* from El. electricus electric organs, and poly(A)” RNA was isolated by oligo(dT)-cellulose chromatography”. The proced 
cused for the construction of the cDNA expression library and for the immunological screening of transformants were essentially the same as described by 
at”, Using 15 ug of poly(A)” RNA, we obtained 500 ng of cDNA, whose internal EcoRI sites were blocked by methylation. The cDNA library co sot 
by ligation to EcoRI/Sall-cut pUC8 plasmid'® gave ~3,000 ampicillin-resistant transformants per nanogram of cDNA when the efficiency of transformatio with 
“supercoiled pUC8 DNA was 3 x 10* ng”'. The library transformed to E. coli DHI (ref. 50) and plated on nitrocellulose filters was screened by incubating th 
filters first with rabbit antiserum to the purified EL electricus sodium channel protein”! and then with '25) protein A (NEN); the antiserum had been preabsorbe 
at 4°C for 5h with a sonicated lysate prepared from the parental bacterial strain DHI, which carried pUC8 plasmid. The oligodeoxyribonucleotide probe used 
for testing the four immunologically positive clones was a mixture of 32 tetradecamers, 5'-GGLTCA AAA AANGT-3,, synthesized*” as two pools containing A/T 
or G/C at the twelfth position, where N denotes a mixture of A, T, G and C. The blot hybridization was carried out by the procedure of Southern’? with the: 
probe labelled with * *p at the 5’ end. RNA blot hybridization analysis was performed by the procedure of Thomas”. Clones pSCHI and pSCH4 were thus isolated. 
For the isolation of clones pSCH14 and pSCH30, a cDNA library was constructed by the method of Okayama and Berg’, using 10.2 pg of poly(A)” RNA and 
4.2 wg of the vector-primer DNA. E. coli HB101 (ref. 53) was used for transformation’, and ampicillin-resistant transformants were screened” by hybridization 
at 60°C with the following DNA fragments; all hybridization probes were labelled by nick-transtation™ with {a-??P}dCTP unless otherwise stated. The. firs 
screening was carried out with an equimolar mixture of the EcoRI/Sall-excised cDNA inserts of pSCH1 and pSCH4, which carried residues 4,716-5,141 ane 
residues 2,703-4,674, respectively, and the second screening with the 257-bp fragment (excised from pSCH4) extending from the EcoRI site flanking the cDNA 
insert to the Bg/TI (2,952) site. For the isolation of clones pSCH331, pSCH377 and pSCH41 1, the synthetic oligodeoxyribonucleotide primer 5'-CATGCTTCTGGAT! 
3’, complementary to residues 2,872-2,885, was elongated by reverse transcription of the mRNA. Single-stranded cDNA was synthesized using | nmol-of this. 
primer and 200 pg of electroplax poly(A)” RNA (denatured by methylmercuric hydroxide) as template and was converted to double-stranded cDNA, which was 
cloned in pBR322 plasmid by inserting it into the PstI site using poly(dG) - poly(dC) homopolymeric extensions; the procedures used were as described previously 
In the first screening, ~ 1,000 hybridization-positive colonies were obtained from ~} x 10° tetracycline-resistant transformants, using the Hinfl (1,786)- BglTl (2,160), 
fragment derived from pSCH50 as probe. Forty-eight clones, selected randomly, were isolated, and clone pSCH331 harboured the longest cDNA insert among: 
them. In the second screening, 65 hybridization-positive colonies were obtained from ~5 x 10° transformants, using the Rsal (103)- RsaI (308) fragment: derived © 
from pSCH331 as probe. Among the 24 clones selected randomly, clone pSCH377 carried a CDNA insert extending most upstream. In the third screening, where. 
the filters used in the second screening were re-used, 25 additional hybridization-positive clones were isolated, using the Rsal (-235)-Hinfl (-37) fragment: 
derived from p§CH377 as probe. Among them, clone pSCH41! carried a cDNA insert extending most upstream. 






cDNA sequences for a region further upstream were isolated cDNA and protein sequences 
as follows. A specific oligodeoxyribonucleotide primer corre- 
sponding to a sequence found near the 5’ end of the cDNA Figure 3 shows the 7,230-nucleotide sequence (excluding th 
insert of clone pSCH4 was elongated by reverse transcription poly (dA) tract) of the cDNA encoding the El. electricus sodiu 
of the mRNA, and the resulting cDNA transcripts were cloned channel protein, determined using clones pSCHI, pSCH 
into the plasmid pBR322 and screened by hybridization with pSCH14, pSCHS0, pSCH331, pSCH377 and pSCH4IE.-N 
appropriate restriction fragments derived from cDNA clones nucleotide difference was observed among the cDNA sequence: 
isolated earlier. Thus, clones pSCH331, pSCH377 and determined with the individual clones, except that the: poly- 
pSCH411, whose cDNA inserts all extended beyond the transla- adenylation site differed by four nucleotides between clones 
_ tional initiation site, were obtained (see Fig. 2). pSCH14 and pSCH50 (see below). All of the six partial amin 

Nucleotide sequence analysis of the cDNA clones was carried acid sequences determined by peptide analysis (see Fig. 1D) 
“out by the procedure of Maxam and Gilbert’? according to the were found to be encoded by the cDNA sequence in the same 
strategy indicated in Fig. 2. Experimental details for the isolation reading frame (amino acid residues 420-425, 432-441, 861-872, 
_of the cDNA clones are given in Fig. 2 legend. 1,596-1,611, 1,677-1,691 and 1,774-1,781). By using this reading 
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$ 7 BS maar ACCRTGATGACEE TT TAGTST GLAGT TC] GC TOGGTGTCGTATACCAGAAATCGAMTCTTGTIACLICACTGCAGTGACTCICT -30t 
TRETGTICTTAGATTAATATATAATT AGAAGTAATCCTGTGICTTTAAGE TTGAATACAAGTACTTTICTITATTTTATAGTGTAAATCCATTT TIT? TTACACT TTT TT AGAGGAAGLAARRAABACCARARACCLAABAACTTAG =151 
‘TGAGTTTGCAATACTAATGCTCTCTACTGGTIGIGGAGTATTGCTATTCTATCTCTGSGCTATTGCTAGTCTGCAACATTGATCTTCTGCATCTTGAGCTICGGATAGAGATTCCACTCTGAGGTGATATCTTICCGCGATECGAAG ~i 


a 10 20 30 40 50 
tlaArglysPheSerSerAlaArghrot luMetPheArgArgPheThrProAspSerleuGluGlul leGluAlaPhe ThrGtuleul ysLysSerCysThri euGlutystys6luProGluSerThrProarg! leAspleuGly 
CTCBCAAGYTCTCTTCCECACGECE CBARATGTTTCGECOCTTCACCCLAGAT TCACTGGAGGAGATTGAGGCETTCALTGAGS TGAAGAAAAGT TGTACGT TAGAGARGAAGGAGECGGAGTCAACACCTAGARTIGACCTGGAG 150 


ay 40 70 80 96 100 
taGl yh ysProleuProMet] lelyrG1 AspProProG]uAspleuleudsn !leProleuGluAspLeuAspProPhe lyri ysThrGint ys ThrPhel leva! [leSertysGlyAsal lel teAsnArgPheAsnAlaGluArg 
SSGGBAAACCTCTCCCATGATATATOGAGACCCACCAGAGOACCT GCTCAACATECCAC TOGASDATCTT EAT COLT TETACRAAAG TLAGRKAARAT TAT POTOAT ERO AROEGL AACE AAT ACRE uA 300 


a ng 120 136 140 150 
labeuTyrltePheserProPheasaPral leArgArgGiyAtal leArg¥a }Pheva lAsnSerd laPheAsnPhePhel leMetPheThrI TePheSerAsntysliePheMetThrl leSerAsaProProdlatrpSerlys ite 
BETITGTACATETICAGTCCOTTTAACCE TATCAGAAGAGGAGCCATTCGGGTTITIGTAAACTCQGCATT TAATTT ITICATCATGTTCACCATCTICTCTAACTGCATATTCATGACTATAAGCAACCETCCTGCCTGGAGTAAAATY 450 


160 WG 180 190 200 
jalGlutyrthrPheThrGlylleTyrThrPheGiuval [leva ILysValLeuSerArgG lyPhetys I leG Lyi t sPhe ThrPhei. quArgAspProTrpAsnTrpLeudspPheserva Val TheMetTartyrlleThrGluPhe 
TGGAATATACTTTTACAGGTATATATACCTT TGAAGTAATAGTCAAAGTCC TATCCAGAGGC I TCTGTATTGGACATTTTACATTCCTTCGTGATCCATGGAACTGGCTGGATTTCTGGGTGGTCACCATGACGTATATCACAGAGTTT 600 


ee 210 220 230 240 250 
TleAspleuvArgAsnYalSerAlaLeuArgľhrPheArgVatLeuArgAtaLeulysThrileThri lePheProSlyLeuLysThrl leValArgAlaLeul leGluSerMetLysGintetG] yAspVal¥al [leLeuThr¥al Phe 
“ATTGACCTTAGARACGTGTCAGCACTT AGGACATTCCOTGTGC ICCGAGC TCT CAAGACAATCACTAT CCTGGACTGAAAAL TATTGTCAGAGCTTTGATCGABTCGATGAAGCAGATGGGTGACGTGGTGATCCTGACCGTCTTC 750 


266 are 280 290 300 
rLeuA}aValPheThrLeuAlaGtyMetG! nl. euPheMetG} yAsnLeudrgtislysCys | leArgi rpProl leSerAsnval TarLeuAspTyrGluSerAl aTyrAsaThrThrPheAspPheThralatyri leGluAsnGlu 
f TCTCTGGCTGTGTTCACCCTCGCCGGGATGCAGCTGTTCATGSGGAACCTACGACACAAGTSCATTCGCTGGCCCATC TOTAACGT TACCE TEGATTATGAATCTECCTACAACACCACTTTTGACTTTACAGCETACATTGARAATGAR 900 


SEN 30 320 330 340 350 
‘GluAsnGintyrPheleuAspG lyAl aLeuAspAlaleuleulysGlyAsnAsnSerAspal aGlyLysCysProGluGlyTyrThrCysMetlysAlaG] yArgAsnProAsntyrGlyTyrThrAsaTyrAspAsnPhea laTrpthr 
GAABATCAGTACTTTCTCGATGGITGCTT TGA TGCCTTACTATGTGGCAACAATTCTGATGCTGGAAABTGTLCAGAAGSC TATACGTETATGAAGGCTGGGCGGAACCCAAACTACGGC TACACAAACTATGACAACTTTGCCTGGACT 1050 


2 360 70 386 390 400 
LeuCysleuPheArgl euMetleuGinAspTyrTrpsluAsnLeuT yr] nMetThrLeuArgdl aAlaGlylysSertyrMetVa tPhePhel leMatVal I lePheLeuGlySerPheTyrLeul leAsnieul leleuAlaVal 
CYGTGCCTCTITAGGCTCATGCTTCAAGACTAC TGGGAGAACCTCTATCAGATGACTCTCCGTGCTGCTGSGAAGAGCTACATGOTETTC TTCATCATGGTCATATTCCTGGGTTCCTTCTATCTTATCAACCTAATCCTGGCTGTA 1200 


i aig 420 436 440 450 
JaiATaMeth) aTyrGluG]uGlnAsnGtnAlaThrLeuAl aGluAlaGInGlul ysGluAlaGluPheGInArgAlaValGluG? nleudrglleGInGInGluGinI leAsnAspGluArgiysAlaSerteuAlaSerGinteuThr 
GTTGCTATGGCATATGAGGAGCAGAATCAGGCAACAC TGGCTGAGGCTCAAGAGAAAGAAGC TGAGT TTCAGAGAGCAGT GGAACAGC TCAGGATCCAACAGGAACAGATAAATGATGAGAGGAAGGCATCTTTAGCCAGTCAGTTAACT 1350 


P 460 470 480 490 600 
ANASA I NGTUATAGIUl leThrAspAspSlyASpAspAlal leLys6! uCysAsnGlyi.ysAlaPheProLeuAl aAsn | leArgGluProserSerValLysleuSerThréluGluGi nArgSerAspSerl ysSerMetAspser 

CAAAACCAAGAGGCAGAGATAACAGATGA TEGGGATGACGCCATAAAGGAATGTAATGGRAAGGCCT TCCCGLTGBCCAATATCAGAGAGCCATCTAGTGTAAAATTATCAAC TGAAGAACAAAGGTCAGACAGTAAGTCCATGGACTCC 1500 
510 520 530 540 550 


HisSerValAsplysProSerLeuLysii sLysAlaAlaSerThrMetSerVa | PheThrieus luAspl euGluAlaAl aArgArgProCysProProValTrpTytl ysPheAl al yPheVa tPheLysTrpAsnCysCysGly 
RAGCATAGCGTAGACAAGCCAAGCCTGAAGCATAAGGCTGCCAGTACTATGAGTGTGTTCACTTTGGAAGACCTGGAGECAGCLCRGAGGCE TTGTCCTCCAGTCTOGTATAAGTTCGOCTGGCTTCGTCTTTAAGTGGAACTGCTGCGGC 1650 


y 560 $70 580 590 600 
roTrpia}PheLeul.yslysTrpva lHisPheva 1MetMetAspPraPheThrAspLeuPhel leThrLeuCys! lel leLeuAsnThrLeuPheMetSer! leGluti sHisProMetAsnG} uSerPheG i nSerLeuLeuSarAla 
}GRGTGTTCCTCAAGAAATGGGTCCATIT TOTGATGATGGATCCTTTCACTGACETGTTTATCACTCTTTGCATCATAT TGAATACACTGTICATGTCTATAGAGCACCACCCCATGAACGAAAGCTTTCAGAGTCTGCTCAGTGCA 1800 


610 620 630 640 650 
TyAsnLeuValPheThrThrllePheAl aAlaGluMetval LeuLys (el leAlaLeuAspProtyrTyrTyrPheGinGinThrTrpAgnl lePheAspSerl lel teva SerLeuSerLeuLeuGluleuGl yLeuserAsnMet. 
GGAAACCTGGTSTTTACCACTATCTTTGCGGC TGAAATGGTGTIGAAGATCATTGCLTTGGACCCC TAC TACTACTTCCAGCAGACGTGGAACATATTTGACAGCATCATTGTCAGTCTCAGTCTGTTGGAGCTTGGACTATCCAATATG 1950 


660 670 680 690 709 


InGlyMet Serva lLeuArgSerLeuArgieulevArg! tePheLysLevAlaLysSerTepProthrLeuäsn] leLeul leLys!lelieCysAsnServalGlyAlaleuGlyAsnteuThriTe¥atLeustal lel Teva lPhe Fig. i 
CAAGGAATGTCTGTGCTCAGATCCTTACGTTTGL TGCGTATCTTCAAATT GOCCAAGTCCTGSCCCACGCTCAACATTCT GATCAAGATAATCTGCAACTCGSTGGGCGCTCTGGGCAACCTGACCATIGTGCTGGCCATTATCOTCTIC 2100 3 Nucleotide Sequence, of 
ig 736 he táb ee cloned cDNA encoding the El. elec- 
LéPheAlaleuva 1G) ¥PheGI nLeuPhes lytysAsnTyrLysGluTyrvalCystys! TeSerAspAspCysG]uLeuProArgTrpii sMetAsnAspPhePheHisSerPheLeulleval PheArgAlaleuCysGlyGluTrp tricus sodium channel protein, The 
}CETEGCCTTGBTGGGCTTTCAGCTGTTCAGAAAGAAC TACANGGAGTACGT GTOCARGATC TCTGATGACTSTGAGL TCCCCGLTGGCACATGAATGACTTCTICCACTCCTTCCTGATTGTSTTCCGTGCCTTGTOTGGCGAGTGS 2250 e di 
jén pin thes as me nucleotide sequence was deter- 
eGluThrMetTrpAspCysMetGluva1G1 yG1yValProMetCysLeul aval TyrMetMetVa] Tlel lel leG]yAsnLeuva Het! euAsnLeuPheLeuA lal eut eul euSerSerPheSerserAspAsnLeuSerser mined with clones pSCHI, pSCH4, 


ATTGAGACCATGTGEGACTGCATGGAGSYGGGCGGAGTTCCTATGTGCCTCGCCGTCTACATGATGGTCATAATCATTGGGAACCTGGTGATGCTGAACCTTTICCTTGCC TTGCTTCTAAGCTCATTCAGCAGCGACAATCTCAGTTCA 2400 pSCH 14, pSCH50, pSCH33 I, 


810 820 830 840 850 
i #6 1uG}uAs pAsp6luVa lAsnSerLeuG)nValAlaSerGluArg! leSerArgAl alysAsnTrpValLys[lePhel lethrGlyThr¥alGInAlaLeuvalLeuTrplleGlaGl yt sLysProProSerAspAsp¥al Va} pSCH377 and pSCH41 L Nucleo- 
ITTGAAGAAGATGATGAAGTTAACAGCCTCCAGGTTGCCTCTGAGCGCATTAGTAGGGCAAAAAAL TGGGTGAAGATCTTCATCACTGGCACAGTCCAGGCTCTGGTACTGTGGATCCAGGGC GAAGCCCCOCAGTGATGATGTGGTA 2550 tide residues are numbered in the 5' 


ae 860 870 880 890 900 ' directi inni i 
uG lul yAspAsnGluGl yl ysLysAcpThrLeuPrateudsnTyrleuAspGly6 luLys! level AspGly! leThrAsntysVal6luSerProThrLeuAsnLeuProl leValLysGlyGluSerGlul leGluGluGly to 3' di on, beginning with the 
GeAcaeGnACATEACSILAbnABGaN RCT aE A CEN A Aa aE EC Apl TaN AY sluSerProThr-euAsneubro{leVe}LysGlySluserGlul eG lu6lu6ly 2700 first residue of the ATG triplet 
GlyLeuValAspSerSerAspGluG) Asp Thr AsnL LystysHisAlaleus eps AspBerServaltysSerThrvalaspt SerP luGtaAspProteukt a @luéluGluGluGlueluGlueluéie encoding the: initiative: methionine, 

a erSerAspGluG)uAspThrAsniyslyslys! aleuAsnAspG luAspSerServaiCysSerThrva lAsplyrSerProSerc lu spProLeuAlalysGluGl ut ul wi u : 1 ot 
GauVTAGTGOATTEATEAGATOASGAGGAEACAAOCADAAAGARGEA E A Aa TSAR RESETS PoE pier Taria tapt rer ProSere UG} okepProl. eA] aLysluGluG] 6] ul uu uGluGiy 2850 and the nucleotides on the 5 side of 
Pa 960 970 980 990 1000 residue | are indicated by negative 

uGbul.euGluSert ysAspProGluAlaCysPheThrGlul ysCys{letTrpArgPheProPheLeuAspValAspl leThrGinG! LysGlyLyslleTrptrpAsnteudrgArgthrCysTyrThrl leva lGlulisAsp : 
; |AGAGTCCAAAGATCCAGAAGCATGTTTTACAGARAAATGTATATGGCGATTTCL TTTTCTGGATGTGGACATCACACAGGGEAAAGGGARGATCTGGTGGAACCTACGTAGACCTECTACATCAT Eaa A nA aap 3000 numbers; the number of the nucleo- 


iot fate i0% ‘odo 1050 tide residue at the right end of each 
TITGAAACETTEATEATATTEATOATTESCCTEAGTASTCGRGRTCSER E HSA CROAT ETYrI JeTepArgArgArgva Te ys¥al te euGtuTyrt laRspi yV8YPheThr Tyra Pher 1eVa TGI Mett eu line is given. The deduced amino 
TYTGRAACCTTCATCATATTCATGATTCTCCTCAGTAGTGGAGTTCTSGCCTTTGAGGACATTTATAT TTGGCGTCGCAGEGTGATTAAGGTCATCTIGGAGTATGCAGACAAAGTCTTCACATATGTCTTCATAGTAGAGATETIA. 3150 ; ; 

i ios wa ai e Hin acid sequence of the sodium channel 
Perna A a Ty rGlyPhelysAratyrPheThráspAtaTroCysTrpleuAspPheva 1T leva IGIyAlaSer] leMetGlyl leThrSerSerLeul eus lyTyr@luGluLeuGlyAlal leLysAsnteuArgThri te protein is shown above the nucleo- 
TVRAGTGRGTTGCATATGGGTTTAAAAGATATITCACTGATGCCYGGTGCTEGCTCGACTTTGTAATTGTTGGTGCATCAATAATGGGCATAACATCCAGTT TGT TGGGCTATGAAGAGCTGGGAGCAATCAMAMTETCAGAACTATE 3300 tide sequence, and amino acid 

* no 120 1130 1140 1150 i Ñ: į 
gA lal puArgProt euArgA lal euSerArgPhet uG yHetLysValValValArgAlal cul euG) yAlalleProSert leMatAsnValLeuLeuva !Cyst.euMetPheTrpl.eul lePheSert leHetsiyValAsnieu residues are numbered beginning 

ABGACTCTICECCTTTACGTECCCTTTCCAGATTTGAAGGAATGAAGGT GGTAGTGAGAGCAT TCTTGGTGCCATCCCCTCCATCATGAACGTGCTGCTGSTGTGTCTEATGTTCTGECTCATCTICAGCATTATGGGCETCAATTTG 3450 with the initiative methionine. 
j +160 1170 1180 1190 1200 i i i 
Jablyt ysPheTyrargcys! leAsnThrThrThrAspGlul leleuProYa 1GluGluVa IAsnAsnArgserāsptysMetAlaleuMetTyrThrAsnGluvatArgTrp¥alAsnLeutysVa tAsnTyrAspAsnAtaGly Residue 6,846 in the cDNA insert 


TGGAAAGTICTACCGCTGCATTAACACCACCACAGATGAGATTCTGCCCGTGGAGGAAGTGAACAACCGGAGTGALTGCATGGCACTAATGTACACTAACGAGGTGCGCTGGGTCAACCTTAAGGTCAACTATEACAATGCGGGY 3600 of clone pSCH14 and residue 6,842 


yy rhuSerteuLeuGlavalSerThrPhelysGlytrpMetAspl leet fccAlaklaValAspserd Gluva IG1uAspGInProt leTyrG]ul teAsnVa Ty reer TyrLautyePh u 1Phe in that of clone pSCH50 are fol- 
Leu rth ysGlytry sp yrAlaAlaValAspSerArgGluva1G}uAspG) nProl le ulleAsn¥alTyrMetTyrLeuTyrPheva}! lePhel leval Phe i i 
TACCYCTCCCTGCTACAAGTGTC TACATTTAAAGGCTGGATGGACATCATGTATGC TGCAGTGAC TCCAGAGAGGTAGAGGATCAGCCAATCTATGAGATTAATSTCTACATGTACCTSTATITTeTeATerreateuraTry a79 lowed by a poly(dA) tract, which is 


Satna 1260 1270 1280 1290 1300 connected with the vector DNA 
ya Thri.euAsnLeuPhe! leGly¥al [lel leAspAsnPheAsnArgG int ysGl nl.yst euGlyGlyG1uAspLeuPheMet ThrGluGluGInLysi: sTyrTyrAsnAlaMetLyslLysleuGlySeriystysAla = 
BYTUTTTACCCTCAACCTITTCATIGGTGTCATCATAGACAAC TTCAACCGTCAAAAGCAAAAGT TAGGAGGAGAAGATCTCTTTATGACAGAAGAGC AGAAGAAGTACTACAATGCCATGAAGAGE TOOTE ONAA 3900 Sequence’ 
1310 4320 1330 1340 1380 


lat ysCys! leProtrgProSerAsn¥a Iva 161nGlyVa IVa TyrAspI teVa | ThrGInProPheThräspl lePhel JeMetAlat.oul TeCys l leAscHetValAl aMe tie Va GluSerG)uks, TnSerGinvallys 
GOCARATETATACCCCOCCE TTCGAATGTGGTTCAAGGTGTGGTGTACGACATAGTCACCCAACCATTCACTGATATTTTCATCATEGC TCTCATTTECATCAACATGGT GECTATGATGGTCOAGTCOGACEACCAGAGTCAAGTGAXG 4050 


s, 1360 1370 1360 1390 1400 
LysAspl teLeuSerGinileAsnval i TePhe¥al LlellePheThrvalG! ulysLeuleuLysteuleuAlaLevArgG! nTyrPhePheThrValGlyTrpAsnVa} PheAspPheA}aValVal¥atileSerllelleGlyleu 
G IATECTCTCTCAGATCAATGTCATATTCGTTATCATCTICACTGTAGAGTGCTIGTTAAAGCTACTTGCACTTAGACAGTACTTCT TCACTGTTGGATGGAATGTTTTTGATTTTGCTGTIGTCGTCATTICTATAATTGGICTT 4200 


LeuteuserAsp! tel eGlulysTyrPhe¥a lSerProThri.euPheArgva} [leArgl euAl Aral leAl akrgla tLeuArgheul leArgAlaAlat. sely LleArgThrleuleuPhesl al eumetMetSerlLeuProAla 
ATOCTATEGGACATAAT TGAGAAGTACTTTGTGTCCCCCACCCTGTTTCGTGTCATCCGCTTGSCRAGGATTGCTCGGGTGTTGCSTCTCATCAGAGCAGCAAAGGGCATAAGLACACTTTATTTGCICTGATGATETCAC TCC race 4350 


: 1460 1470 18O 1490 1500 
euPheAsn] leG)yleuteut euPheleulleMetPhe! lePheSer! lephet] yMetSerAsnPheAlaTtyrv¥aliyslysGinG lyG] y¥a |AspAsp! 1ePheAsnPheG luThrPheG? “AsnSertet [TeCysLeuPhes! 
TICARCATTGGCETTICTICTCITCCTIATTATGTICATCTT TICCATCTTTGGAATGTCTAACTT TGCCTAT GTGAAAAAGCARGGTGGCGTCGATGACATCTTCAACTT TGAGACGTY TGGGAACAGCATGATETSCETGT GAG 4500 


c ; 1510 1520 1830 1540 1550 
fethrThrSarAiaGlyTrpAspGlyl euleul euProThrLeudsnThrGlyProProAsplysAspProAspValGluAsnProGlyTheAspValA GlyAsnCy sGlyAsnProGlytysGly LleThrPhePheCysSert, 
3i CTCAGCTGGCTGGGATGGGETTCTCCTCCCAACTCTAAACACAGGTCC TCCTGACTETGACCE TGATGTGGAAAACCCTGGLACAGATSTGAGAGGE RAC TOC OA T E A AAAA AEA e aa rene 4650 


1560 1570 1580 1590 1600 
El leLeuSerPheLeuVal Val valAsnttet Tyr tela lel lel eus}uAsnPheG) yValAlaGInGluGluSerSerAspLeuleuCysGluAspas PheVa iMetPheAspGluThrTrpHi sLysPheAsp¥alHisG} 
TGATCTTGTCATTCTTAGTGGTAGTTAACATGTATATTGCCATCATCCTGGAGAAC T?TGGTSTGGCACAGGAGGAGAGCAGCGACCTGLTATGTGASGATGACT! TGTTATGTT TOATGAGRCCTSOCACRAGr naaa hisGly 4800 


BiA 1610 1620 1630 1640 1650 
ThrGinPheleuAs pT. rAsnAspLeuProjrgPheva}AcnAlaleuGInGluProMetArg! leProfAsnProAsnArgHist ysi euAlalysMetAsphetTyrValValMetG)uAsplys I leSerTyrteuAs 

4 4 = val 
AGROAATTTTTOGACTACAATGATCTECCTCGETTOTTAATOCACTGCABGAACCEATOCETATTECCAACCOAECAGACACAAGY Tagg AA A A A a aA LE leser yep L sul eu 4950 


R 1860 1670 1680 1690 1700 
aval TheG1aGiu¥a TLeuG}, yAspThrThrétyMetG tual atetArgieuSer!1eG] nAlalLysPheLyst ysAspAsnProSerProThrPhePhes luProval YalThrThrieva: ye 16) UGE 
GUTSTCACYCAGGAGGTEC TGGGEGACACCACTGRAATGGARGCCATGAGGCTGAGLATCCAGGCCAAGT ICAAGAAAGACAACCUCAGCECEACCTTC TTTGASCCTETCOTCACAACTCGAGAAGE AAGEAGERGONGT Enea 5100 


1710 1720 1730 1740 1750 
Val ileGinArgAlaPheArgt Int yrLeul euletArga lava ISeritisAlaSerPheLeuSerGln! lel ysili sMetAsnGluGlyProl, sAspGlyValGlySerGlnAsps DetarGintysMe 
TERTGATCAGAGAGCATTCCSCCRATACCTCCTCATGCGTECCGTGAGOCATGCCTCCTTC TGAGCCAAATCARGCATATGAAT GAGGECCARAGGATGGPETGGGSTERCRGEATT CCCTGATEARAC REAR a tee $250 


2 1760 1770 1780 1796 1800 
tyi irgGl yAsnProG]uleuThrMetPrateuG |uGinGln} leLysProMett euAspl ysProArgMetProSerLeuServalProGluThrt rProlieGini teProtysGluvalThrAsnGluval fi 
PACABRRECAACCCEGAGCTTACCATGCCCCTGGAGCAGCAGATAAAGCCTATGT TAGACAAACCCAGAATGCCTAGTCTAAGCGTTCCAGARACCTACCCAATCCAGATTCCAARGG AAGTCACAAATGAGHTMATICTCATTET OCA 5400 


ue 1810 1820 
romet Va lArgGinAsnTyrSerlyrSerG} yAlalleValValArgGluSer! leval 
EECATGGTCNGGCHGAACTACTCCTAC TCAGROBECATAGTGTCAGGGARTCARTAGTAT AATGGACACACAATGATACCATGGCACTGGCCTCTTT TAAGTOGAGAGTGAT TAAGTGCACAAAAGGACCATCTTCTGTACAAAACAAT 


TGATECTCCCCAGAGCACTTATCTGGAAGGATTGCACATCARTGTTAAGARATTGCTGAGETC TAGAAAGCAATGAATTGATGTT TSC 160 TGTCTAGGAATGATGTTTTIATCACT, ATATARACTTTTTTARACATCTGTATTOGAA 
AGATUTGETTTCCCECATGGTCCT?GSICAATORTARTCCTTTGACAGACTICAGACTACTGCTTTCTTTTTCCCTCTCTTAAGATTTACAGCATTT TTGTACATTCATTATCACCTY TTSCAGCATACCCTTTTAAAAGBAAAAT Ta 
KGGGGTT TTTIGTGCTCTTTTTAACCTCCCCTCTAAMATATAATGTATTICTICACCTAAGAGCTACATTTACTTGTGCT’ VICAATTYGTCTITIGTTTGTCAGTIGAC TACAGGGAGATGGAATGAGTAGACATICACCALTTACCTS. 
i SGAGGCACACAGTCACATTGGGLAGTATGAABAGC TACATATGGCATACATAAAC TEN ARAGTACACC TAAGTGTAGCATT TAATATTAGATGTATGGCTTTATATTGOTALT ATTTTEGGGCTTTCTTGGITTICAGTAGCACTCTGNTS 

FRCTYCATTTCATCT RACCACACTITTIATGTATGCTICATAAAGITGCAGTTCATCTGTCCT TYGACCAAACTTATATAATATGTCGATGTTATTTATSTCCCARATCTAGCCTICGGATATT TGTAGCAGCACAATARATTGATTAGT 

i HTGCATTTTCTIGTAAA TAGGTGTCACACAAAATTGCTAAACCCTT TIGCCTARAAACTAAATCAAATARTARTAARAACAAAACT GAAGGATCCATAAATACTAAGTTGTATT TGGATGACAATTAATTTCATTGSTATCATCCAAGAT 
FACATAARTCARTCAATARACAGCACTAGTAATCT GGGATAGGGT TTAAAATTTTGTGTGTGCCAAAATAAACCATCTCAAATTATCOCACATT TTTCACATTTACAGTTTTCATCTGAAGTACAC TATTGATATGTAATTIATATACTT 
TARTETAATTARCAGGCTCCTOCCCACATSSTATAAGAAATAGGTAGTTTGCAAGTGAAATIARAATTGGTAGAAATGGCAGAAACUCCTALTT TAT GGTGGTATIATAAGTTATTTTGABACAECATGTITIAAFETTCTTTTTaTA 
I GCATTGGCTTGAGAAAGTI TTGTIGAAGC: TGAACCTTAACATAATGAGAAATGTCTTACTCCTAGAAATGTGTAAATAAATAAATCABACATTT. rene, 3 i 
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Fig. 4 Autoradiogram of blot hybridization analysis of El. 
electricus electroplax. RNA with a cDNA probe, Total, RNA 
(20 pg) was analysed by the procedure of Thomas’. The 
hybridization probe used was the Avall (193)-Avall a, 675) 
fragment derived from clone pSCH411. The size markers 
used were calf and E. coli rRNA”. Blot hybridization with 
other probes derived from different regions of the cloned 
cDNA exhibited a single hybridization-positive band with 
the same size; the probes used were the 577-bp fragment 
(excised from clone pSCH411) extending from the Avall 
site flanking the cDNA insert to the Avall (193) site, the 
Ava ll (1,861)~ Hinell (2,422) fragment derived from clone 
pSCH411, the EcoRI/Sall-excised cDNA insert of clone 
pSCHé4 (carrying residues 2,703-4,674) and that of clone 
pSCHI (carrying residues 4,716-5,141). 





frame, the amino acid sequence of the cryptic portion of the 
sodium channel protein was deduced (Fig. 3). The translational 
initiation site was assigned to the methionine codon composed 
of nucleotide residues 1-3 because this is the first ATG triplet 
that appears downstream of the nonsense codon TAG (residues 
~42 to —40) found in-frame. This assignment is supported by 
the fact that the sequence surrounding the ATG triplet agrees 
with the favoured sequence that flanks, functional initiation 
-codons in eukaryotic mRNAs”, that is, AXXAUGG, where X 


n -can be any nucleotide; the sequences flanking the following 13 


“methionine codons do not match this favoured sequence. 
Reverse transcriptase-mediated elongation of the HindIII 
(—250)-Hinf1(—307) fragment derived from the 5’-terminal 
region of clone pSCH411 yielded a cDNA transcript of ~600 
nucleotides, suggesting that no more than ~500 nucleotides are 
missing from the cDNA we have cloned. This is consistent with 
the size of the mRNA coding for the sodium channel protein 
(~8,000 nucleotides) as estimated by blot hybridization analy- 
sis” of electroplax RNA (Fig. 4). The codon specifying the 
valine residue at position 1,820 is followed by the translational 
termination codon TAA. The length of the 3'-non-coding region 
of the cDNA is 1,386 nucleotides (clone pSCH14) or 1,382 
nucleotides (clone pSCH50), excluding the poly(dA) tract. Two 
overlapping copies of the polyadenylation signal AATAAA 
(residues 6,831-6,836 and 6,827-6,832) are found 16 nucleotides 

“upstream from the poly(dA) tract of the respective clones. 

‘From the cDNA sequence, we conclude that the El. electricus 
` sodium channel protein is composed of 1,820 amino acid 
residues. The molecular weight of the protein is calculated to 
be 208,321. This value agrees with the reported molecular weight 
of the protein moiety of the sodium channel protein, whose 
carbohydrate content is ~29% by weight’. The amino acid 
composition of the sodium channel protein predicted from the 
cDNA sequence. compares reasonably well with that deter- 
mined’, There are 10 potential sites of N-glycosylation”’, that 
is, Asn-X-9 -3., where X can be any amino acid except proline”® 

(asparagine residues at positions 205, 278, 288, 317, 591, 690, 

797, 1,160, 1,174 and 1,806); six of them are assigned to the 

extracellular side of the membrane (see below). 


The protein structure 


= Homology matrix comparison” of the amino acid sequence of 
the sodium channel protein reveals the presence of four internal 
repéats that exhibit sequence homology. Figure 5 shows the 
“alignment of the amino acid sequences of the four repeats, which 
consist of residues 111-419 including a non-homologous seg- 





ment of residues 285-342 (repeat I), residues 555-807 (repeat 
II), residues 989-1,281 including a non-homologous segment of 
residues 1,172-1,194 (repeat III) and residues 1,311-1;587 
including a non-homologous segment of residues 1,490-1,505 
(repeat IV). Of the positions aligned, 54%, 54%, 43%, 50%, 
54% and 47% are occupied by identical residues or residues 
considered to be favoured substitutions for the I/11, H, I/T 
H/IH, HIV and III/IV pairs, respectively; the non-homologous 
segments have not been included in the calculation, and gaps 
have been counted as one substitution regardless of their length. 
Statistical tests?’ show that the sequence similarity among the 
four repeats is highly significant, except for the I/IV pair, the 
probability of occurrence by chance being less than 10° for the 
VI, I/01, H/H and I/IV pairs and 1.3 x 107° for the HI/IV 
pair. This observation strongly suggests that the four repeate 

homology units of the sodium channel protein have evolved 
from a single common ancestor by internal duplications. 

The amino acid sequence of the sodium channel protein was 
analysed for predicted secondary structure” and for local hydr 
pathy” (Fig. 6A). The segments that can form structures of 
a-helix or B-sheet extend over a wide range of the protein 
molecule. The hydropathy profile along the polypeptide chain 
indicates that each repetitive homology unit contains five hydr 
phobic segments (S1, $2, S3, S5 and $6) at equivalent positions. 
In addition, each unit contains a characteristic segment with 
strong positive charge (S4) located between segments $3 and $S 

Segments S5 and S6 in each repeat correspond to highly 
hydrophobic regions with predicted secondary structure that 
comprise a continuous stretch of 24-38 uncharged amino acid 
residues including many nonpolar residues. These hydrophob 
regions are flanked on both sides by charged residues. Because 
such a sequence is characteristic of transmembrane. protein 
segments, segments $5 and S6 most prpbably traverse the mem- 
brane, forming a-helical structures’ 

Segments S1, S2 and S3 in each repeat represent hydrophobi 
regions with predicted secondary structure consisting of 18-2: 
amino acid residues that are largely nonpolar but include a few 
charged residues. Negatively charged residues predominate 
segments S1 and S3, whereas both positively charged and nega- 
tively charged residues are present in segment S2, so that this 
segment generally has no net charge. If an a-helical structur 
is assumed for these segments, the charged side chains in them 
are clustered largely on one side of the helix, the opposite side 
being occupied mostly by nonpolar side chains. Thus, segmen 
$1, S2 and S3 can also span the membrane, forming amphipathic 
a-helical structures. 

Segment S4 in each repeat represents a positively charged 
region with predicted secondary structure comprising 21 amino 
acid residues including five to seven arginine or lysine residues; 
arginine residues predominate. This segment exhibits a unique 
structural feature in that the arginine or lysine residues aré 
located at every third position. The residues intervening between 
these basic residues are mostly nonpolar. If an a-helical struc- 
ture is assumed for this segment, the positively charged side 
chains would be distributed along a spiral line, making a three- 
quarter to one turn. Alternatively, if a 3,o-helical structure. is 
assumed, they would lie on one side of the helix so that. the 
segment would be strongly amphipathic. On the other hand, i 
a B-sheet structure is assumed, they would extend alternately 
towards both sides of the peptide backbone. 

It seems reasonable to postulate that the four repeated 
homology units are oriented in a pseudosymmetric: fashion 
across the membrane. If this is the case, each unit should contain 
an even number of transmembrane segments because no addi- 
tional hydrophobic segments are predicted outside the homology 
units (see Fig. 6A). The transmembrane segments are most likely 
to be involved directly or indirectly in the formation of the ionic © 
channel. As the minimum cross-section of the channel is con- 
sidered to be 3x5 A (refs 33, 34), at least one helical segment o 
from each repetitive unit would take part in constructing the 
inner wall of the ionic channel at the narrowest point. The 
remaining helical segments may surround those forming the 




















Fig. S$ Alignment of the amino acid 
sequences of the four internal homology 
units. The sequences of repeats I (top), 
TE-(second row), HI (third row) and IV 
(bottom) are aligned. The one-letter 
amino acid notation is used, and the 
“ommbers of the residues on each line are 
“ygiven. on the right side. Identities or 
“favoured amino acid substitutions 
among three or four residues at one 
aligned position are indicated by boxes. 
Favoured amino acid substitutions are 
defined as pairs of residues belonging to 
= ‘one of the following groups: S, T, P, A 
~ and G; N, D, E and Q; H, Rand K; M, 
L Land V; F, Y and W (ref. 58). Gaps 
{=) have been inserted to achieve 
: maximum homology. The non-homo- i 
logous segments in repeats I, HI and IV A 
are shown by lines; the sum of residues 
“present in each non-homologous seg- 
“ament is given in parentheses. Segments 
$1-S6 are indicated. 

annel, or some of them may face the channel in its dilated 
portion. In view of the strong hydrophobicity and the uncharged 
ature of segments S5 and S6, there seems to be little doubt 
that they represent transmembrane segments. It is likely that 
two of the three segments S1, S2 and S3 also traverse the 
‘membrane. The negatively charged side chains in segment S1 
nd/or segment S3 may be related to the ion selectivity of the 
odium channel’. The presence of a continuous stretch of 31 
ncharged residues in the S1 region of homologous repeat I 
ceems to favour the view that segment S1, together with segment 
2 (or $3), spans the membrane. 

The sodium channel protein, in contrast to many other trans- 
nembrane proteins*®, does not possess an amino-terminal 
equence characteristic of the signal peptide*’. There are a 
umber of such precedents***', and transmembrane proteins 
evoid of a cleavable signal peptide are considered to have their 
amino terminus on the cytoplasmic side of the membrane’, as 
his is in fact the case for the erythrocyte anion transport protein 
and III (ref. 38). On the basis of the considerations mentioned 
bove, the transmembrane topology of the sodium channel 
rotein molecule has tentatively been assigned as shown in Fig. 
.. The possibility that segment $3, instead of segment S2 (or 
), traverses the membrane or that all six segments S1-S6 span 
membrane cannot be excluded. In view of the ion selectivity 
f the sodium channel**, however, it seems rather unlikely that 
segment S4, which has strong positive charge, is involved in the 
hannel lining. 

The voltage-dependent operation of the sodium channel 
implies that the structure responsible for gating is charged and 
is able to move in the membrane field, as postulated by Hodgkin 
and Huxley’ and subsequently confirmed by measurement of 
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the gating current*’. The gating current is outward during activa- 
tion, and available evidence suggests that both the activation 
and inactivation gates are located near the inner membrane 
surface’. Noteworthy in this context is the presence of the 
unique, positively charged segment S4 in each of the four 
repeated homology units (see above) as well as the presence of 
a large excess of negatively charged amino acid residues over 
positively charged residues in the region between segment S6 
of homologous repeat II and segment S1 of the repeat ILL. There 
are four segments each having 5-12 clustered acidic residues 
(segments composed of residues 802-806, 847-857, 894-910 and 
942-955) in this region, which is assigned to the cytoplasmic 
side of the membrane (see Fig. 6B). These acidic segments are 
located at regular intervals of 31-40 residues, corresponding to 
the four hydrophilic segments observed in the hydropathy profile 
(see Fig. 6A). It is attractive to hypothesize that each of the 
four positively charged segments, possibly in conjunction with 
each of the four negatively charged segments, acts as voltage 
sensor, thus being involved in an activation gate. The presence 
of four homologous structures in a single sodium channel 
molecule would be consistent with the sigmoid activation 
kinetics characteristic of this channel’. Armstrong“ postulates 
the presence of four to six closed states rather than three? and 
claims that the successive transitions among them are fast and 
are each associated with a charge movement that amounts to 
only half that in the transition from the last closed state to the 
open state. Of interest in this context is the finding that the 
charge carried by the four individual acidic segments varies 
about twofold. Concerted movement of many negative groups 
and/or many positive groups as clusters even by a small distance 
could account for the gating current** and would induce a 
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Fig.6. Hydropathy profile and predicted secondary structures (A) and proposed transmembrane topology (B) of the sodium channel protein. In A, the averaged 
9 to i+9 has been plotted against i, where i represents amino acid number: the 
“hydropathy indices of individual amino acids have been taken from ref. 29. The positions of the predicted structures of a-hetix and/or B-sheet™® that have a 
dength of 10 or more residues are shown by open boxes. The positions of positively charged residues (lysine and arginine) and ner 
acid and glutamic acid) are indicated by upward and downward vertical lines, respectively. The locations of homologous iepeats 1, T, I and TV are shown by 

bars, arid those of the non-homologous segments within the repeats by dashed lines. The positions of the characteristic segments S1~S6 in each repeat are indicated 
as follows: hatched boxes, segments $1 and $3 which generally contain negatively charged residues: stippled boxes, 

negatively charged residues; boxes with a plus sign, segment $4 with regularly spaced, positively charged residues: closed boxes, segments S5 and S6 without 
"charged residues. In B, the four homology units spanning the membrane, which presumably surround the ionic channel, are displayed linearly. Segments $1-S6 
E in each unit are shown by cylinders marked as in A, and segments $1, $2, S5 and S6 are located within the membrane. Alternative possibilities of the transmembrane 
: topology are discussed in the text. The regions containing clustered negatively charged residues are indicated by minus signs. 
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conformational change of the protein to open the channel. It is 
also intriguing to speculate that the region encompassing the 
negatively charged segments, after such a conformational 
change upon depolarization, might in turn be involved in the 
inactivation of the channel, under the assumption that the activa- 
tion and inactivation mechanisms are coupled” 

The region between segments S5 and S6 of homologous repeat 
I as well as IV is also rich in acidic residues, which are not as 
clustered as those in the negatively charged region discussed 
above. As the region between segments S5 and S6 is assigned 
to the extracellular side of the membrane, it is tempting to 
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hypothesize that the negatively charged residues in this region 
of homologous repeats I and IV, facing the outer end of the 
channel, are also involved in the ion selectivity of the channel 
and that these areas contain the binding sites for- basic 
neurotoxins’. 
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To study the nature of antigenic recognition, antibodies have been prepared against a set of peptide sequences representin 
both highly mobile and well-ordered regions of myohaemerythrin, based on X-ray crystallographic temperature factors. 


Anti-peptide antibodies against highly mobile regions react strongly with the native protein; anti-peptide antibodies fron 





well-ordered regions do not. Mobility is a major factor in the recognition of the native protein by anti-peptide antibodies 
this may be of general significance in protein-protein interactions. 








ANTIBODIES against short chemically synthesized peptides are 
of great use in detecting proteins and studying their structure’. 
‘The high frequency with which these antibodies react with intact 
folded proteins has raised several interesting theoretical issues; 
one of these is addressed by considering the differences between 
antibodies: made against intact proteins and anti-peptide anti- 
bodies. The preparation of anti-protein antibodies involves the 


injection of one of the most conformationally restricted states, 
of the molecule, the folded protein; the resultant antibodies ar 
tested for reactivity against proteins or peptides in a state-of 
equal or less order. The binding of these antibodies is therefore 
sensitive to perturbations of protein structure such as fragmenta- 
tion or denaturation’. Conversely anti-peptide antibodies ar 
made against a conformationally less restricted protein site and 
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then tested against a protein molecule which is almost always 
more ordered. 

To explain why antibodies to short, flexible peptides 
frequently react with more ordered molecules, we have con- 
sidered models involving local disorder in proteins™*, We 
envision that sites in proteins move through a range of conforma- 
tions and bind to anti-peptide antibodies only when a conforma- 
tion is displayed which the antibody recognizes. Thus the anti- 
bodies act as a ‘sink’, trapping particular local conformations 
in mobile areas of proteins. Here we test this model’s prediction 
that mobile sites in proteins will be recognized preferentially by 
anti-peptide antibodies. 


Differential mobility 


Refined high resolution X-ray crystal structures of molecules 
identify atomic positions and provide empirically determined 
information about atomic mobility in in the form of the atomic 
- temperature factors defined by 8a? u’*, where the mean square 
¿displacement u? is averaged over time and the crystal lattice. 
Patterns of temperature factors can reveal the lower-frequency 
concerted motions of groups of atoms, indicating the relative 
conformational variability of different regions’’; high factors 
indicate shallow potential wells (low energy barriers between 


Fig. 1 Stereo pairs showing the a-carbon backbone and the molecular 
surface of myohaemerythrin colour-encoded by temperature factor. The 
molecular surface calculation??? rolls mathematically a water-sized 
probe sphere (1.4 A radius) representing a solvent water molecule over 
the van der Waals’ surface of the protein. All molecular surface calcula- 
tions used individual van der Waals’ radii that included implicit hydro- 
gen. atoms***4, Using the general purpose graphics modelling language 
GRAMPS*® and the molecular modelling program GRANNY”, the 
protein skeletal model together with its associated molecular surface 
(shown as a transparent set of colour-coded dots) was displayed interac- 
tively using vector computer graphics. In these figures, the terms front 
and back refer to the stereo directions towards and away from the 
reader, respectively, while all other directional terms refer to locations 
within the plane of the page. a, Patterns of mobility on the molecular 
surface of myohaemerythrin. This stereo view shows the solid external 
molecular surface colour-coded by the average main-chain temperature 
factors using a radiating-body colour scale. The molecule is oriented 
with the helices vertical, and the two-iron centre towards the top (b 
shows the skeletal model in the same orientation). The darkest colours 
(lowest temperature factors) are associated with the A helix (lower right) 
and the brightest colours (highest temperature factors) with the C helix 
(upper left). In these temperature factors, before adjustment for the 
effect of crystal contacts, the B helix (centre) varies from low (bottom, 
centre) to high (top, centre) temperature factors. The low temperature 
factors in the B helix apparently result from crystal packing contacts. 
This raster colour graphics representation was calculated using RAMS” 

and displayed on an AED raster graphics display. b, The synthetic 
peptide positions shown on the myohaemerythrin a-carbon backbone. 
Peptides are coloured to identify hot (red), cold (blue) and hot/contact 
{yellow} types of mobility, (magenta, not studied). The iron ions are 
shown by magenta spheres and bonds. The side chains of the iron 
liganding residues (His 25, His 54, Glu 58, His 73, His 77, His 106 and 
Asp 111) are: colour-coded to match the peptide sequences in which 
they occur. Residues at the end of each non-nested peptide are labelled 
at their respective a-carbons. Hot peptides 57-66, 63-72, 69-82, 73-82 
appear upper left, cold peptides 22-35, 26-35 right, 96-109, 100-109 at 
the centre (back), hot/contact peptides 3-16, 7-16 at the right (back) 
and 37-46, 42-51 at the centre (front). ¢, The location and exposed 
molecular surface of peptides sequences shown in the same orientation 
as a and b. The molecular surface and a-carbon backbone of the peptides 
are colour-coded to identify four categories of peptides: highly mobile 
in the crystallographic temperature factors (red backbone, molecular 
surface), highly mobile in the temperature factors adjusted for crystal 
contacts (yellow backbone, red molecular surface), relatively well 
ordered (blue backbone, molecular surface) and peptides not studied 
(magenta backbone, molecular surface). The peptides studied all show 
large amounts of exposed surface area. d, The location and exposed 
molecular surface of peptides sequences as described for c, but shown 

in the opposite orientation. 
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different conformations) allowing access to multiple conforma. 
tions at biological temperatures. Individual atomic temperature 
factors are named for the temperature dependence of the veloc 
of atomic motion and the corresponding thermal energy avail 
able for surmounting these conformational potential energ 
barriers, rather than for local temperature differences within th 
molecule. (For simplicity, we use the suggestive terms ‘hot’ an 
‘cold’ to refer to highly mobile (high temperature factors) and 
well-ordered regions (low factors), respectively.) Temperatur : 
factors may also reflect static disorder in the crystal, errori 
the absorption corrections, improper scaling and errors in th 
interpretation of the electron density. By examining the overal 
pattern of atomic temperature factors for a highly refined protei) 
structure which has been solved independently i in different crys 
tal systems, the differential mobility of various regions of 
molecule can be isolated from these other factors’. 

To characterize patterns of temperature factors on proie 
surfaces, we examined 22 X-ray structures available from t 
Brookhaven Protein Data Bank”. We mapped temperature fac 
tors onto the solvent-accessible molecular surfaces’? and foun: 
them to be characterized by areas of both high and low mobili 
Regions of low mobility were often, but not always, associate 
with interfaces between subunits in multimeric proteins o 
between adjacent molecules in the crystal lattice; such coritact 
were characterized by a lower than average ratio of side- chai 
to main-chain temperature factors. Otherwise, the average main: 
chain and atomic temperature factors also reflected the expected : 
relative mobility of different parts of the molecular surface base 
on the constraints from underlying stereochemical interactions 

The differential mobilities of protein surfaces suggested to u 
that crystallographic temperature factors might be relevant i 
antibody-antigen recognition, and that this could be examine 
experimentally with anti-peptide antibodies. To select a protei 
for this study, we compiled a database of crystal structur 
known at sufficient resolution to provide accurate parameter 
of thermal mobility. We then eliminated proteins with conside! 
able sequence homology to rabbit proteins (thus avoidin, 
immunological tolerance) and proteases (which could comy 
cate the immunoassays). We chose myohaemerythrin from th 
remaining protein structures for its well-refined temperatur 
factors, wide range of mobility at the molecular surface an 
contiguous regions of the amino acid sequence characterized 
by either high or low mobility. 

Myohaemerythrin belongs to the haemerythrin family of ox) 
gen-carrying proteins found in some invertebrates. The struc 
tural fold for this family of proteins is an antiparallel bund! 
of four helices’! (A, B, C and D) surrounding a two-iron cent 
at the active site, with a loop region at the N-terminus an 
shorter loops between the helices and at the C-terminus. Thre 
dimensional crystal structures with temperature factors have 
been refined at high resolution for monomeric myohaemerythrin 
from the marine worm Themiste zostericola (S. Sheriff, W.A.H, 
and J. L. Smith, unpublished results) and octameric haemeryt 
rin from Themiste dyscrita’?. The structure of myohaemerythrin 
is known to 1.7 A resolution in two crystalline directions (a and 
c) and to 1.3 A in the third direction (b), with a crystallographic 
residual error of 0.159 and a r.m.s. deviation from ideal. bond 
lengths of 0.017A. The related structure of haemerythrin. is 
known to a resolution of 2.0 A, with a residual error of 0.175 
and a r.m.s. deviation from ideal bond lengths of 0.026 A, The 
temperature factors for these two crystal structures are unique 
in being empirically corrected for packing contacts 

Myohaemerythrin (Fig. la) demonstrates variable surface 
mobility of different intra-domain structural elements typical of 
high resolution protein structures. Before adjustment for the 
effects of crystal contacts, the A and D helices are relatively 
highly ordered, the C helix is highly mobile and the B helix 
varies from being relatively well ordered at the N-terminal end | 
to relatively mobile at the C-terminal end. The ‘glowing coal’ 
temperature scale (Fig. la) delineates clearly this partitioning - 
of the exposed surface of myohaemerythrin into regions of high 
and low mobility. 
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Fig.2 Plot adapted from Sheriff et al“? of the average main-chain temperature factors along the polypeptide chain before (dashed line) and 
after (solid line) adjustment for crystal contacts. Regions 1-17 (N-terminal loop), 38-50 (N-terminus of the B helix), and 85-94 {C-D loop) 
show the greatest increase in relative mobility when corrected for crystal contacts. The 118 residue amino acid sequence of myohaemerythrin’’, 
“corrected by a sequence inversion of residues 34 and 35 revealed by X-ray crystallographic studies (J. L. Smith and W.A.H., unpublished 
results), is shown in one-letter code (A, alanine; C, cysteine; D, aspartic acid: E, glutamic acid; F, phenylalanine; G, glycine; H, histidine; 
; isoleucine; K, lysine; L, leucine; M, methionine; N, asparagine, P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; V, valine: 
W, tryptophan; Y, tyrosine). 10 and 14 residue sequences of the protein chosen for peptide synthesis are indicated by sequence-numbered 
ars. To allow coupling to the immunological carrier protein, an additional cysteine residue not found in the primary sequence was synthesized 
t the C-terminus of each peptide. Additionally, cysteine 35 in peptides 22-35 and 26-35 was replaced with a serine to avoid multiple coupling 
othe carrier, while maintaining peptides of a fixed length. 
Methods: Peptides were synthesized as described previously” by the solid phase method***! using a Beckman model 990B peptide synthesizer. 
The initial amino acid resin was prepared by esterification of Boc-( MeoBal)-Cys-OH (2.0 g anhydrous-caesium salt, 4.3 mequiv.) to chloromethyl- 
ited resin (polystyrene/1% divinylbenzene, bio-beads S.X.-1, 200-400 mesh, 0.70 mmol g™') in 25 ml anhydrous dimethylformamide (DMF) 
by stirring for 24 h:at 50°C. A threefold excess of caesium salt over active chloride polymer gives almost complete substitution. Substitution 
was determined to be 0.55 mequiv. g`' by the picric acid test and amino acid analysis, and 0.53 mequiv. g™' following HCl-propionic acid 
ydrolysis. For each synthesis, 1.0 g (0.53 mequiv.) of Boc-(MeoBzl)-Cys resin was used. The following side-chain protecting groups were 
used: O-Br-Z for lysine and tyrosine; O-benzyl for threonine, serine, aspartic acid and glutamic acid; tosyl for arginine; N-formyl for 
tryptophan; N-dinitropheny! for histidine. Protected amino acids (Vega Biochemicals or Peninsula Laboratories) were recrystallized from the 
appropriate solvent to give single spots on TLC (chloroform/acetic acid = 15:1 or chloroform/methanol = 10:1). All couplings were carried 
“out using a 10-fold excess of Boc-AA-OH. For asparagine and glutamine, an equimolar amount of N -hydroxybenzotriazole was added to the 
protected amino acid and DMF was used as the solvent. All coupling reactions were =99% complete by the picric acid test. The remova! of 
dinitrophenyl from histidine-containing peptides was accomplished with N -methyl mercaptoacetamide*’ in DMF by mixing with the resin-bound 
_ peptide for 15 min. Removal was >95%. The resin bound protected peptides (500 mg to 2.5 g, 0.12-0.60 mequiv.) were treated with twice their 
_ weight of anisole and with 40 times their volume (relative to weight) of anyhydrous HF at 4°C for | h. For peptides containing glutamic acid, 
5% v/v pyridine was added to the HF to prevent anisylation. After evaporating the HF with a stream of N,, the red/yellow residue was mixed 
with anhydrous ether (50x w/v) and stirred vigorously for 15 min; after repeating the ether extraction three times, the white residue was 
filtered and dried in vacuo. This dried resin-peptide mixture was extracted with 5% HOAc, lyophilized and amino acid analysis performed 
(~90% removal of the peptide from the resin), For peptides containing tryptophan, the N-formyl protecting group was removed from the 
peptide by treatment for 1.5 min at pH 11.5 (NaOH) in the presence of hydrazine. The amino acid analysis was within 5% of the theoretical 
value for all peptides. All peptides were coupled’ to the immunogenic carrier protein KLH through the C-terminal cysteine of the peptide 
using m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS) as the the coupling reagent, Two rabbits were immunized with each peptide 
in a course of 3 injections of 200 ug peptide-coupled KLH (in complete Freund’s adjuvant (1:1) subcutaneously on day 0, in incomplete 
Freund’s adjuvant (1:1) subcutaneously on day 14, and with 4 mg of alum interperitoneally on day 21.)”. Rabbits were bled 10 days after 
; the third injection and boosted 3 months from the last injection and bled again 7 and 14 days later. 
















eptides, representing both helical and non-helical regions 
myohaemerythrin, were selected on the basis of main-chain 
mperature factors averaged by residue, because the main-chain 
wobility reflects the global conformational variability of the 
protein (Fig. 1b). Three of the hot peptides include residues 
ganding the irons; in the native protein the mobiliy of these 
quences is limited to conformations that do not disrupt the 
etal-ligand geometry. 

Figure 1b-d shows the locations and exposed surfaces of the 
synthesized peptides in the protein. Of the exposed molecular 
irface area of myohaemerythrin (5,846 A*), our synthesized 
peptides account for 4,005 A? or ~69%. The four peptides 
synthesized for each of three categories encompass roughly 








i yohaemerythrin peptides equal parts of the protein surface area: 23.0% hot, 19.3% cold 


and 26.2% hot/contact (hot after correction for crystal contacts), 
and all peptides have large areas of exposed molecular surface 
available for interaction with antibodies (Fig. 1c, d). Highly 
exposed amino acid residues tend to be less hydrophobic and, 
due to their external, relatively unconstrained position, more 
highly mobile than internal residues'™!*, We chose peptides to 
minimize differences in average exposed area and hydrophobic- 
ity per residue. Although there is some correlation of exposed 
area and mobility among the selected peptides, this is much 
stronger for side-chain than for main-chain atoms (Table 1). In 
fact, peptides with very similar average exposed areas may either 
be cold (peptides 22-35, 26-35 and 96-109) or hot (7-16, 42-51 
and 57-66). There is very little correlation between temperature 
factor and average hydrophobicity per residue for the peptides 
chosen (Table 1). 
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Fig. 3 Comparison of the anti-protein reactivities of antibodies 
raised against hot, cold, and hot/contact peptides. Lanes are 
representative polyacrylamide gel electrophoresis of the 
immunoprecipitates in the presence (+) and absence (—) of com- 
peting peptide. Lane a, control normal rabbit serum; lane 6, hot 
< peptide 57-66; lane c, cold peptide 26-35; lane d, hot/ contact 
peptide 3-16; lane e, intact myohaemerythrin. Radiolabelled pel- 
“ets from the immunoprecipitation were dissolved in 50 yl of 
sample buffer** containing 2% SDS, 5% 2-metcaptoethanol and 
0.001% bromphenol blue, boiled for 3 min, centrifuged to remove 
S. aureus, subjected to electrophoresis on 12.5% SDS gels, and 
autoradiographed. Faint bands representing aggregated states of 
myohaemerythrin can also be seen. 


The sequence location and identity of the synthesized peptides 
is overlaid on the plot of the average main-chain temperature 
factors in Fig. 2. The 12 peptides synthesized include 83 of the 
total 118 residues or ~70% of the myohaemerythrin sequence. 
The clear division of the. peptides into highly mobile and well- 
ordered categories is apparent in the adjusted temperature fac- 


» tors: two. of the helices are relatively highly ordered, whereas 


the remainder of the structure shows significantly more mobility. 


Antibody-reactive regions 


To elucidate the role of molecular surface mobility in the rec- 
ognition of the native protein, we raised polyclonal antibodies 
against synthetic peptides with each selected sequence (Table 
2). Polyclonal antibodies enabled us to sample the entire range 
of allowed conformations for the injected synthetic peptide, 
whereas monoclonal antibodies would select single, possibly 
atypical conformations of each peptide. 
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The anti-peptide antisera were originally assayed for reactivi 
against the homologous immunizing peptide by enzyme-linke 
immunoabsorbent assay (ELISA). All but one of the syntheti 
peptides are immunogenic (Table 2); their relative immunogen 
icity is not correlated with their mobility. We next assayed the 
anti-peptide antisera for reactivity with myohaemerythrin (Table : 
2). All antisera raised against cold peptides (22-35, 26-35 
96-109 and 100-109} gave negative or low reactivity with th 
protein, whereas all antisera raised against hot peptides (exclu 
ing peptide 42-51, which did not raise any antibodies). g 
higher reactivity against the protein. Of the antisera against:h 
peptides, those with the lowest myohaemerythrin reactivity (57 
66 and 63-72) also had the lowest reactivity against their resper 
tive homologous immunizing peptides. 

We used the method of Farr’? to estimate the avidity or effei 
of dilution on the binding of anti popie antisera: 
myohaemerythrin at. five concentrations (1, 5, 10,50 a 
100 pmoles). The relative averaged avidity of the anti-peptid 
antisera against the protein (peptides 3-16> 7-16 > 37-46 
57-66 > 63-72, 69-82, 73-82, 96-109) matched the pattern 
relative reactivity, antisera with higher titres generally show 
greater avidity. (The negative or low. reactivity of the remainin, 
anti-peptide antisera with the protein precluded measuremen 
of their avidities.) ELISA analyses: may involve some denatu 
ation of the target protein: We therefore assayed immunoprecip 
tation in conditions preserving the native structure 
myohaemerythrin. Retention of the, characteristic visible sp 
trum with a 338 nm peak!® (due to the iron centre) verified thai 
the ligand environment remains unchanged. The results of th 
immunoprecipitation studies and the associated gel 
trophoresis analysis (Table -2, Fig. 3) are consistent wit 
ELISA analyses. 

To confirm the specificity of the anti- peptide antisera; 
performed immunoprecipitation studies in. the presence 
homologous and heterologous peptides (Table 2, Fig. 3). 
anti-myohaemerythrin reactivity of antisera raised agains 
hot peptides was strongly inhibited by incubation. with. 
corresponding homologous peptide, whereas. incubation: 
the irrelevant heterologous peptide (synthesized from a sequenc 
for influenza virus haemagglutinin) did not inhibit anti 
myohaemerythrin reactivity, thus confirming the specificity o 
the antisera. Interestingly, antisera against cold peptides’ that 
showed low reactivity with the protein (22-35, 96-109). were, at 
most, only slightly inhibited by incubation with the correspon 
ing homologous peptides. This suggests that the ant 
myohaemerythrin reactivity of antibodies raised against thes 








Table 1 Myohaemerythrin peptide data 








Mobility Average Average”. 

Sequence Secondary exposed hydro- 

position structure Type Main* Main Side* area phobicity > 
3-16 N-terminal Hot* 30.4 19.9 36.2 $2.3 0.02 
7-16 N-terminal Hot* 28.6 18.8 32.4 43.8 0.02 
22-35 A-helix Cold 20.4 16.8 26.2 40.6 ~0.16 
26-35 A helix Cold 20.1 16.6 26.2 43.8 0:05 
37-46 A loop Hot* 28.9 18.5 30.7 59.7 —0;23 
42-51 B helix Hot* 28.4 17.8 31.8 44.9 0.26 
57-66 B helix Hot 28.0 24.2 30.2 45.6 —0.11 
63-72 B-C loop Hot 31.9 27.4 34.1 60.0 0.05 
69-82 C helix Hot 29.6 26.2 35.9 54.9 ~0.18 
73-82 C helix Hot 27.9 24.9 35.2 55.4 —0;4l 
96-109 D helix Cold 20.8 17.6 26.7 40.1 0.04 
100-109 D helix Cold 19.4 16.9 25.1 36.7 -0.01 


Peptides are numbered by their respective sequence position in myohaemerythrin. All mobilities are derived from the temperature factor data 
Peptides are classified into three types of mobility: hot (high average main-chain temperature factors), cold (low average 
main-chain temperature factors* and hot* (hot/contact, high average main-chain temperature factors after correction for the effects of crystal 
~-¢ontacts), Mobility in A? is expressed as average main chain* (calculated from the atomic temperature factors for N, C”, C, O atoms adjusted for 
crystal contacts), average main chain (calculated from the atomic temperature factors for N, C“, C, O atoms), and average side chain* (calculated 
from the atomic temperature factors for side-chain atoms adjusted for crystal contacts). Average exposed area in A? is calculated using the molecular 
surface program MS”. Average hydrophobicity is calculated using the Eisenberg consensus scale*® 


for the intact protein“. 


then these residue averages were averaged for each peptide. 





. Properties were first averaged for each residue, 
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cold peptides may largely represent either nonspecific binding 
or low avidity. 

The striking correlation seen in both types of immunoassay 
between the mobility of sites in a protein and their reactivity 
with anti-peptide antibodies is seen when the reactivities of the 
anti-peptide antibodies are mapped onto the a-carbon backbone 
and the average adjusted main-chain temperature factors 
mapped onto the external molecular surface (Fig. 4). Of the 
cold peptides, only antibodies to peptide 96-109 have reactivity 
with intact myohaemerythrin; this peptide has four residues 
with higher temperature factors on its N-terminal end. Of the 
hot peptides, the N-terminal loop peptide 3-16 represents the 
target site with the highest mobility and reactivity with anti- 
peptide antibodies. Reduced mobility due to structural con- 
straints in myohaemerythrin resulting from the metal liganding 
may modulate the degree of antigenic reactivity. In the 


immunoprecipitation assays, antisera against the shorter of 
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Fig.4 Stereo views showing the cor- 
relation between the mobility of sites 
in a protein and their reactivity with 
anti-peptide antibodies. The a- 
carbon backbone is colour-coded by 
antigenic reactivity based on the 
immunoprecipitation results (Table 
2): red, high (>3,500 c.p.m.), yellow, 
medium (2,000-3,000 c.p.m.), blue, 
low (<200c.p.m.), magenta, not 
studied. The exposed molecular sur- 
face is colour-coded by average 
adjusted main-chain temperature 
factors (Table 1): red, hot (=27 A*), 
yellow, medium (22-27 A’), blue, 
cold (<22 A?). To identify the por- 
tions of the molecular surface associ- 
ated with each synthesized peptide 
sequence, the myohaemerythrin 
molecule is dissected into individual 
peptides (backbone and associated 
molecular surface) shown in a 
slightly exploded view. Since the 
peptides were coupled onto the KLH 
carrier at the C-terminal amino acid, 
overlapping and nested peptide 
sequences were assigned the level of 
reactivity associated with the 
sequence of the N-terminal portion 
of the relevant peptide. a, The fol- 
lowing peptide regions (correspon- 
dence of secondary structure 
descriptions to sequence positions 
defined in Table |) show the correla- 
tion of their temperature factors with 
antigenic reactivity: the N-terminus 
(red backbone and surface, lower 
right), the A helix (blue backbone 
and surface, centre), the A loop (red 
backbone and surface, lower left, 
front) and the C-terminal end of the 
B helix (red and yellow backbone 
and surface, upper left). b, The 
relationship is apparent for the 
remaining peptide regions: the non- 
overlapping fragment of the B-C 
loop (yellow backbone and red sur- 
face, top), the C helix (red and yel- 
low backbone and surface, upper 
right), and the D helix (blue and 
yellow backbone and surface, lower 
left) 


the two nested peptides containing two metal ligands in 
the intact molecule (73-82) have the lowest anti-protein react- 
ivity of any hot peptide antisera. These results support the 
correlation between mobility and reactivity with anti-peptide 
antibodies, 

Part of the effect seen in these experiments could be the result 
of differences in the level of antibody raised against the 
individual peptides. Our basic findings remained the same when 
reactivities were normalized as a function of the anti-peptide 
titres: thus expressed, the anti-protein reactivities improved for 
antisera against hot peptides and changed little for those against 
cold peptides. Furthermore, we found that the increase in anti- 
peptide titres after the rabbits received booster injections of 
peptides led to increases in anti-myohaemerythrin reactivity for 
the antibodies raised against the hot peptides, compared with 
little or no increase in reactivity for the antibodies raised against 
the cold peptides (data not shown). 
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Conclusions 


The ability of anti-peptide antibodies to recognize their corre- 
sponding intact folded proteins is best understood as a dynamic 
process which is most favoured when the conformation of the 
peptide immunogen approximates the target site in the protein 
and that site is mobile. The relative contributions of each factor 
to the success of an immunogen are difficult to assess and may 
vary from peptide to peptide. Our data suggest that recognition 
involves the interaction of antibodies with: sites in the protein 
which can adopt multiple conformations that may differ from 
the average structure seen by X-ray crystallography. One may 
envision a process in which the initial interaction with the 
antibody is sufficient for recognition of the appropriate site, 
after which considerable induction of shape may take place. 





Table 2 Reactivity of anti-peptide antisera 





ELISA titres Immunoprecipitation 
51 Myo- 
a-Peptide haemerythrin 
Sequence a-Peptide vs myohaem- precipitated % Inhibition 
position vs peptide erythrin (c.p.m.)* by peptidet 
3-16 640- 1,280 12,800 14,849 97.1 
7-16 640-1,280 3,200 7,384 92.6 
22-35 1,280-2,560 — 180 0.0 
26-35 320-640 60 0 0.0 
37-46 640-1,280 9,500 4,026 100.0 
42-51 —_ — 0 0.0 
57-66 160-320 600 1,277 80.0 
63-72 160-320 375 2,543 77.6 
69-82 >2,560 1,050 3,774 91.3 
73-82 >2,560 1,400 2,154 62.0 
96-109 1,280-2,560 200 2,617 22.5 
100-109 320-640 _ 0 0.0 


maiean anne 


; ; ‘Reactivities of the various anti-peptide antisera raised in pairs of rabbits were 


assayed against: the antigen in the solid phase using ELISAs and against the 
antigen in solution using immunoprecipitation. ELISA titres are expressed as the 
reciprocal of antibody dilution extrapolated to bind 50% of 50 pmol antigen per 
well, ELISA: Assays followed the procedure described by Green et al?” 50 pmoles 
antigen (synthetic peptide or myohaemerythrin molecule) in phosphate-buffered 
saline (PBS, 10 mM sodium phosphate, 0.15 M NaCl, pH 7.2) were added to each 
well of a polystyrene microtitre plate and dried overnight at 37°C. The dried 
antigen was then fixed to the plate by treatment with 50 wl of methanol per well 
for 5 min at room temperature. The plates were coated for 4h with a solution of 
non-fat dry milk (BLOTTO, ref. 28) to block nonspecific absorption of antibodies 
to the plate. Following the addition of 25 pl antiserum (serially diluted with the 
same solution) to each well, the plates were incubated overnight at room tem- 
perature and the unbound antibody was washed off with water. The antigen- 
antibody complex was reacted with goat anti-rabbit IgG coupled to glucose 
oxidase*’. After removal of excess goat anti-rabbit IgG with water, this sandwich 
complex was measured enzymatically by the addition of enzyme substrate, For 
less denaturing (wet plate) ELISAs, the antigen was attached to the plates by 
overnight incubation in 15 mM saline in 10 mM phosphate buffer, pH 9.0. Non- 
immunogenic peptide 42-51 continued to give negative results in repeated ELISA 
experiments. Rabbit antisera against the intact myohaemerythrin protein were 
tested by ELISA for reactivity with the protein and with the synthetic peptides. 
The. anti-protein antisera showed high reactivity (titres> 1,280) against 
myohaemerythrin, but did not react with any of the tested synthetic peptides. 
Controls showed no cross-reactivity between kehole limpet haemocyanin (KLH) 
and myohaemerythrin and no anti-myohaemerythrin reactivity in preimmune 
serum. Immunoprecipitation:. Myohaemerythrin was radiolabelled with I by 
the chloramine-T reaction®® to a final incorporation of abaut 25 pC pg”. After 
dialysis, 10° c.p.m. of 251 myohaemerythrin in PBS were reacted with 10 pl of 
anti-peptide antiserum for 60 min on ice. The antigen-antibody complexes were 
precipitated with formalin-fixed Staphylococcus aureus. The pellets were washed 
once with RIPA buffer (PBS containing 1% Nonidet P-40, 0.05% sodium 
deoxycholate and 0.1% SDS) and twice with $00 mM LiCl, 100 mM Tris ( pH 8.5), 
then analysed for radioactivity. In peptide competition experiments, the anti- 
peptide antibodies were preincubated for 60 min with 100 g peptide in PBS before 
the addition of '**I-myohaemerythrin. Western blot analysis: The correlation of 
mobility with antigenic reactivity was also studied by Western blot analysis” . 
Following polyacrylamide gel electrophoresis of myohaemerythrin in denaturing 
conditions (the samples were boiled in the presence of 2% SDS and 5% 2- 
mercaptoethanol), the protein was transferred to a nitrocellulose filter and incu- 
bated with selected anti-peptide antisera. Detection of the bound antisera with 
'25) labelled. S. aureus protein A showed that the antisera against cold peptides 
did- not react well with myohaemerythrin in these conditions, whereas antisera 
against hot peptides showed relatively strong reactivity. 

* Average of two independent experiments, after correction for nonspecific 
binding. 

+ 100.0 % minus per cent of activity remaining in the presence of the peptide. 
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Mobility is thus involved in both adoption of protein conform: 
tions suitable for recognition by the antibody and the degree to 
which a given region. can be induced into a conformation that 
fits the antibody binding site. 
For proteins in solution, the range and extent of mobility are 
probably greater than those calculated from the average main 
chain temperature factors; dynamics calculations indicate. th 
conformational flexibility is greater than that seen in the X-ray 
crystal structures'’..In myohaemerythrin, the highest tem. 
perature factors predict average isotropic displacements between 
+0.7 and 094 for the main and side chains, respectively. 
Rather than defining exactly the excursions of individual 
residues, however, these high values identify areas wit 
relatively low energy barriers between alternate conformatio! 
The overall mobility does not imply any complete local’ unfo: 
ing in myohaemerythrin, as no visible spectroscopic. change: 
the ligand environment of the two iron atoms occurs in t 
solvent and salt conditions used in the present study. The fa 
that strong protein-reactive antibodies can be induced by pep- 
tides representing highly mobile sites in the protein that contain 
iron binding residues (Fig. 1b) indicates that mobility, but not 
complete local disorder, is important for antigenic reactivity. 
The anti-protein reactivity of antibodies to synthesize 
myohaemerythrin peptides correlates better with the mobili 
of the target sites than with their exposed surface area. The cold 
peptides 22-35, 26-35 and 96-109 have similar average expose 
surface areas te hot peptides 7-16 and 57-66, but much less 
reactive antisera. Thus, the apparent relationship» betws 
exposed area and antigenic reactivity" may actually reflect the 
increased mobilities of turns, loops and other highly expose 
areas. As a large percentage of the exposed molecular surfac 
(80% in myohaemerythrin) belongs to highly mobile residues, 
our results are consistent with studies’ showing that most ant 
peptide antibodies react with the corresponding intact protei 
Protein-protein interaction is a complex process invol 
many characteristics of the molecular surface, including sha 
complementarity and hydrophobicity of the intera 
molecular surfaces”. The mapping of electrostatic potential o 
molecular surfaces™?* has revealed the importance of electr 
static forces in intermolecular interactions. Our present results 
showing a correlation between the mobility of sites in a protein 
and their reactivity with anti-peptide antibodies suggest ‘th 
molecular mobility is an essential part of the antigenic recogni 
tion process and perhaps of protein-protein recognition inge: 
eral. The distinguishing feature of anti-peptide antibodies is 
their predetermined specificity. Elucidation of the amino acid 
sequence of a protein should allow the use of site-specific 
anti-peptide antibodies for the investigation of the role of confor- 
mational flexibility in protein-protein recognition processes. 
The sample of myohaemerythrin was prepared by the late G. 
L. Klippenstein, University of New Hampshire. We thank S. 
Sheriff for advice and assistance in the analysis of the protein 
coordinates and temperature factors; Leonid Volfson, Susan 
Gruber, Sarah Hoffmann, Susie Morrell and Andrea Struthers 
for technical assistance; Michael Connolly, Ian Wilson, Michael 
Pique and Wilfred van Gunsteren for useful discussions. J.A; 
and E.D.G. are Damon Runyon- Walter Winchell Fellows. Th 
work was supported in part by a NIH program-project grant: 
Note added in proof: Recent studies show that existing antibodies. 
bind regions of high mobility in tobacco mosaic virus coat 
protein, lysozyme and myoglobin” and in other known protein. 
structures”. 
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Near-infrared observation of the 
circumsolar dust emission 
during the 1983 solar eclipse 


K. Mizutani, T. Maihara, N. Hiromoto* & H. Takami 


partment of Physics, Kyoto University, Kyoto 606, Japan 





A near-infrared excess emission superposed on the coronal con- 
iuum at ~4Ra from the Sun was first observed at 2.2 pm by 

'eterson* and MacQueen? during the total solar eclipse in 1966, 

nd was later confirmed by MacQueen’ using a balloon-borne 

‘onagraph. Two subsequent observations were made; one? 
tained a similar result, while the other? detected no excess 
ission. The excess emission was thought to be due to thermal 
adiation by a dust cloud around the Sun, and interpreted to be 
interplanetary dust”. Brecher et al.*, on the other hand, have 
roposed that the ring is composed of much larger objects (of 
about 10 km diameter). To obtain more definite information, we 
ave therefore carried out observations of near-infrared brightness 
distributions of the solar corona, using a balloon-borne photometer 
ata balloon altitude, during the total eclipse on 11 June 1983 in 

Indonesia. As we report here, emissions in excess of the strong 
coronal background emission were recorded in some of the scans 
at ~4R., from the Sun. The spatial distribution of the excess 

mission implies the existence of a circumsolar ring of dust lying 

pproximately in the ecliptic plane. 
The balloon-borne instrument we used for near-infrared 
hotometric scanning consisted of a 16-cm Cassegrain telescope 
and a simultaneous four-band photometer in a reaction wheel- 
stabilized gondola, together with a high-sensitivity television 
camera. The photometer had four 4-element PbS detector arrays 
hermoelectrically cooled at separated foci with three beam- 
plitters. The infrared bands investigated were 1.25 wm (AA = 

).24 pm), 1.65 pm (AA = 0.23 pm), 2.25 pm (AA = 0.28 pm) and 

8m (AA = 0.7 pm). The field of view of each element was 

.3Re X0.3Re, and the arrays were orientated perpendicular to 
he scan. path. 

-A 15,000-m° balloon was successfully launched by a joint 
team of ISAS (the Institute of Space and Astronautical Science, 
Japan) and LAPAN (Indonesian National Institute of Aero- 
nautics and Space) at the Watukosek Balloon Base in East Java. 
Virtual tracking of the eclipsed Sun at a floating altitude of 
30 km was performed by rotating the magnetometer stage at an 

appropriate rate after the desired instrument orientation had 
> peen obtained. The attitude stability was better than 10 arcs 
(0.01. Re). Absolute positional error was <0.2Re in the scan 





* Present address: Radio Research Laboratories, Koganei 1$4, Japan. 
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direction and <0.3 Ro in the perpendicular. 

Scanning was performed by small-amplitude oscillation 
around the cross-elevation axis. The width of the scan was 5° 
(20R~) and its rate was 0.05 deg s7'; this allowed 13 complete 
scans between 6Ro on the west side of the Sun and 14Re on 
the east side. Scan, paths crossed the ecliptic plane on the west 
side at ~4Rq with an inclination of ~7°. The configuration of 
the scan path and beam positions of each detector are shown 
in Fig. |. In-flight and post-flight calibrations have indicated 
possible errors of +30% in absolute brightness determination. 
Polarization at 2.25 um was also measured using a rotating 
half-wave plate and a fixed polarizer. The result of the polariz- 
ation measurement will be described elsewhere. 

Figure 2 shows brightness distributions in each band on the 
west side of the Sun along the scan path. At 1.65 um, a definite 
excess over the smooth coronal component is seen between 
2.8Re and 4.5R~e from the Sun on the west side, showing a peak 
at 3.8Ro. The brightness of the excess component at 3.8 Ro on 
the west side is 6x 10°’ Wem? um”! sr™, A weaker excess is 
also seen between about 3 Ro and 4.4Ro on the east side, where 
the peak again occurs at 3.8Ro. The brightness of the excess 
component at 3.8 Ro on the east side is 2.2107’ Wem”? pm”! 
sr™'. A relatively small but obvious excess emission is also seen 
in the 1.25-um profiles from about 3.2 Rg to 4.5Re on the west 
side of the Sun, where scans have just crossed the ecliptic plane 
(see Fig. 1). The peak is again at ~3.8 Ro and the brightness of 
the excess component is 3.7x10°7 Wem™?* pm”! sr`'. The 
contribution of stray light from the strong inner corona has been 
estimated from independent laboratory data for the off-axis 
rejection rate. The effect is not serious in the region further than 
1.8Re in 1.65-~m and 2.25-um bands, or further than 3.0K. in 
1.25-j.m and 2.8-m bands. Any error due to such stray light is 
safely below 30% of the above excess emissions. 

In the 2.25-um band, we have failed to detect definite peaks 
larger than the 3o detection limit of 1.2x 10°? W cm”? pm”! 
srt, owing to degraded sensitivity in this band. However, a 
small feature could be discerned at about 4Ro on the west side, 
where the brightness is 120.4(10) x107 W cm? pm‘! sr, 
roughly consistent with the previous observations of Peterson! 
and MacQueen’, We found no definite excess component in the 
2.8-um band at the 3o level of 1.21077 Wem™? ym! sr’. 

Figure 3 shows a near-infrared energy distribution of the 
excess component obtained from the present observation, 
together with previous 2.2-ym data. It has a maximum at 1.65 pm 
and drops off at both shorter and longer wavelengths, especially 
between 1.65 and 2.25 um, differing significantly from the solar 
spectrum. Therefore, we argue that the excess emission com- 
ponent is not caused by scattered light but is due mainly to 
thermal radiation of circumsolar dust particles of appropriate 
composition to produce the spectrum. 


























Fig. 1 The scan path of the telescope beam 

and the projected focal plane array of detectors. 

J, H, K and L’ denote the 1.25-, 1.65-, 2.25- and 

2.8-um bands, respectively. Data from two 

detectors of the 1.65-~m band, indicated by 

hatched squares, were not used for data analy- 
sis, due to anomalous large noise. 
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_ Lamy has proposed® that the near-infrared excess emission 
may be caused by silicate grains such as obsidian particles lying 
_ just outside a dust-free zone, while Mukai et al.’ have suggested 
. ‘a two-component model of obsidian and graphite. However, the 

“spectral features observed by us are not consistent with these 

materials, even taking into account the large uncertainty in the 
data at longer wavelengths. One interpretation. we have 
envisaged is that the emission in question is: accounted for by 
thermal emission from olivine particles of the order of 100 um 





in radius at a temperature of ~1,300 K. Olivine possesses a. 


strong absorption band between 0.8 and 1.7 um, and hence is 

more emissive within this band. Smaller olivine particles seem 

unlikely because the intensity of scattered light would obliterate 
-the thermal radiation, making the spectrum appear solar. As an 
„illustration, the thermal emission spectrum of olivine of radius 
00 pm ata temperature of 1,300 K is shown in Fig, 3. 









tively large particles composed mainly of olivine is based 
recent studies of interplanetary dust and its mineralogy. 
“ Weiss-Wrana* has shown that the principal properties of the 
zodiacal light (‘the false dawn’) are well represented by opaque 
irregularly-shaped: chondritic particles in the size range 20- 
120 um. Most stratospheric micro-meteorites, known as Brown- 
lee particles’, have an.opaque, black appearance and a composi- 
tion similar to Cl carbonaceous chondrites. Furthermore, olivine 
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oe Fig. 2. Brightness distributions of each band observed on the west 
~ side of the Sun’ ‘The data. are averaged over every 0.15R= except 
; for the 2. -um band inside 4.4Rq, where the interval is 0.08Ro. 





ur suggestion. that: the circumsolar dust may consist of: 
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RIGHT ASCENSION 


is known to be a major constituent of extraterrestrial solids s 
as stony meteorites. Finally, Hashimoto et al, 0 have demon 
strated, in experiments on the thermal metamorphism of C 
type carbonaceous chondrites, that the matrix (mineralogical 
amorphous) becomes olivine when ‘heated in a low pressur 
environment to > 1,000 K. 

The infrared spectrum. we have observed can thus be intei 
preted as being due to the thermal metamorphism of d 
particles as wie spiral down to the Roy region of the circumsol 


peaks were o recorded must be aed in terms of a time 
dependent vaporization process of relatively large particle (o 


tible to temperature changes—ranging from opaque in dist 
regions to a more transparent (olivine-like) nature in ne: f 
thus hotter regions around the Sun. A problem conce 
equilibrium temperature: of such particles as envisage: 
that, according to Réser and Staude'', a 100-pm olivin 
would have a temperature of 2,000 K at ~4Ro. 

The present observations also provide information about. 
spatial distribution of dust, although the scan paths were 
that a genuine central peak on the east side of the ecliptic plan 
was missed. As shown in Fig,.2, the excess component of th 
1.65-~m band seems to extend from 2.8Ro to 4.5Ro, wit 
small peak at around 3.8Ro. (These features bear som 
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Fig. 3 Energy spectrum of the excess emission component. Pre- 
vious observations at 2.2 pum are also shown: A, ref. 1; W, ref. 22 
The solid curve represents the thermal radiation of an olivine 
particle of radius 100 am at a temperature of 1,300 K. The dashed 
line is a 1,300 K black body curve for comparison. 
























esemblance to the 2.2-um profile found by Peterson”, but differ 
n that our data show no steep trough just inside the narrow 
peak.) The 1.65-um brightness also shows an excess emission 
‘between 3.0 Ro and 4.4 Ro in the east side scans, which are ~1 Ro 
rom the ecliptic at 4Ro, and its intensity is considerably smaller. 
This suggests that the circumsolar dust cloud is a ring and not 
spherical shell and is consistent with the hypothesis that the 
ust particles responsible for the observed infrared excess 
emission are identical with the interplanetary dust causing the 
zodiacal light—which is generally assumed to be reflected by 
‘grains as large as a few hundred micrometres, probably in orbits 
f high ellipticity (see, for example, ref. 13). 

Finally, we can make a rough estimate of the total mass of 
the dust cloud in the region of infrared emission. Let us assume 
hat the cloud is formed into a doughnut shape of mean diameter 
Ro, radial width 1 Ro and thickness | Ro, and that the rep- 
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resentative radius of olivine particles is: 100 am. The observed 
infrared fluxes measured at 1.25 and 1.65 wm will then be related, 
as an order of magnitude consideration, to an average number 
density of 1 x 107" particles per cm’ and a total dust mass of 
7x 10"* g. The spatial density obtained here is about 15 times 
the value of simple extrapolation based on the mass density 
4x 107% g cm™ at 1 AU (ref. 14), applying an r7'? dependence 
on heliocentric distance. 
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Current theoretical models of Saturn’s ionosphere are similar to 
hose of Jupiter’s because of the gross similarity of their upper 
tmospheres. In the case of Jupiter, the theoretical models can be 
tted reasonably well to ionospheric electron density profiles’? 
obtained from the Pioneer and Voyager radio occultation experi- 
‘ments’. In contrast, the theoretical models of Saturn’s ionosphere 
are inconsistent with both the ionospheric electron density pro- 
les®” obtained from the Pioneer and Voyager occultation 
observations*™ "° and the large diurnal variation of maximum ionos- 
pheric electron density deduced from studies of Saturn lightning 
_discharges'*’?. We propose a radically different model of Saturn’s 
ionosphere in whith water plays a major role as a minor constituent 
present by downward diffusion from an external source. Our model 
aturn ionosphere is a classical ‘F?’ type layer resulting from the 
_photodissociative production of H* from H, and rapid chemical 
loss by a series of charge exchange reactions with water. A planet- 
wide influx of ~4x 10’ molecules cm™* s™ of water from the rings 
is consistent. with the observed ionospheric electron densities. An 
enhanced influx of water occurs at latitudes (-38°, +44") con- 
ected magnetically te the inner edge of Saturn’s B ring'? where 
n electromagnetic erosion process’ takes place. Present-day 
influx: at these latitudes may be as large as ~2x 10? 
“molecules em? s™'. 

-The pecential features of previous theoretical models of 
Saturn’ $ ionosphere are summarized below. The major topside 
ion, H*, is produced via photoionization of atomic H or photo- 
dissociative ionization of H,. Both H and H* are extremely 
long-lived above the homopause (~ 1,100 km altitude; all alti- 
tudes referenced to the 1 bar pressure level) and are removed 


Table 1 Chemical reactions in Saturn’s ionosphere: H}, H,O, H 





Ion production Rate* Ref. 

Al H,+hv>H+H 45x10 57! (7] 
A2 tte 5.4x197!° 7] 
A3 H+H*+e 9.5 x 107! (7] 
A4 Ht+hyt+H*+e 7.3x107!° [7] 
AS H,O+hy>OH+H 1.01077 [19] 
OH*+H+e 5.5x197!° [19] 

H,+O('D) 1.4x 1078 [19] 

H,O* +e 3.3 x 107° [19] 

H,+O*+e 5.8 x 197! [19] 

H*+OH+e 1.3x197'° [19] 


Charge exchange / recombination 


BI H,O+H*~+H,0*+H 8.2x107% cm? 57! [18] 


B2 H,O*+H,>H,O*+H 6.1 x 107° [18] 
B3 H,0*+e+H,0+H 4.31077 [18] 
B4 H,+OH 4,3x1077 [18] 
BS H+H+OH 4.3 x1077 [18] 
Bó H}+H,+>H}+H 2.0 «107% [7] 
B7 Hy+e>H,+H 1.01077 [7] 
B8 H*+e>H+hv 2.0 x 197? {7 
B9 OH+H,>H,0+H 36x107" [18] 


* Photoionization rates normalized to 10 au by 1/ R? scaling of refer- 
ence values. 


by downward diffusion to the vicinity of the homopause where 
appreciable concentrations of heavier gases (most importantly 
methane) are encountered. H* ion loss occurs essentially at the 
homopause via charge exchange and electron-ion recombina- 
tions, resulting in a peak ion concentration of ~2 x 10° cm™ at 
~1,200 km altitude. This very simplified picture emerges from 
a consideration of many possible chemical reactions and 
detailed calculations taking into account the production, 
diffusion and chemical losses of many atmospheric constituents’. 

Figure | is a representative summary of the dawn and dusk 
electron density profiles (as a function of altitude) obtained 
from analyses of the Pioneer and Voyager radio occultation 
data. In Fig. 1, mid-latitude Voyager observations are compared 
My a typical model ionospheric electron density profile. (Figure 

2 shows all of the radio science observations.) The measured 
electron densities are all approximately an order of magnitude 
less than those calculated on the basis of current models. 
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‘Maximum. observed ionospheric densities are ~1 x 10*cm™, 
compared witha calculated maximum density of 210° cm 
in all previous models. The peak electron density is observed 
~ at between 2,000 and 3,000 km altitude instead of the calculated 
1,200 km altitude. The discrepancy in the altitude of the peak 
is particularly significant in light of the thermal structure of the 
atmosphere. Above ~ 1,600 km, the atmosphere is isothermal, 
with a temperature of ~800 K and an atmospheric scale height 
of ~400 km. Below that the temperature decreases linearly to 
~125 K at 1,000 km altitude where the atmospheric scale height 
is ~60 km (ref. 7). The difference in the observed and modelled 
altitudes of peak ion density is thus many atmospheric scale 
heights. The large (~2 orders of magnitude) diurnal variation 
of maximum ionospheric electron density (Fig. 3) deduced from 
analyses of Saturn lightning discharges’? is even more difficult 
to understand on the basis of current models of Saturn’s ionos- 
phere. Without an additional loss mechanism for rapid removal 
of the long-lived H® ions, no diurnal variation is expected since 
the time constant for loss of H* above the homopause is ~400 h 
that is, many planetary rotations. This is owing to the slow 
electron recombination reaction H*+e>H+hy at 2x 
10°" cm s7! and the large diffusion time constant below the 

2,500 km altitude of the ionospheric peak. 

The observational results thus require an additional and effec- 
tive loss mechanism for H* ions, since ion production via 
photodissociative ionization of H, and photoionization of 
atomic H is well understood. Several possible loss processes 
have been quantitatively evaluated but none has proven 
adequate. These include losses due to an increased methane 
abundance which requires an unreasonably high eddy diffusion 
coefficient'*, removal of H* by vibrationally excited H, (ref. 6), 
and/or the presence of large vertical drifts”. The possibility of 
an interaction. between the ionosphere and ring system was 

recognized as early as 1975'* and a suggestion involving H* ion 

~ loss due to the presence of OH radicals from the rings'*'” was 
a made to explain the low ionospheric densities inferred from the 
- Pioneer observations. 
"We propose a simple model ionosphere dominated by the 
removal of H* ions via charge exchange with water and sub- 
sequent electron recombination. Table | summarizes the impor- 
tant chemical reactions and reaction rates; the reactions involv- 
ing water have been largely drawn from work relating to comet 
models'*'’, The important reactions are H* ion production via 
dissociative photoionization of H, (A3) and loss via the charge 
exchange with H,O (B1). The H,O” ion is very short lived, 
reacting with H, (B2) to produce H,O*, which is then readily 
removed by electron recombination (B3-B5). As in previous 
models, the HZ ions produced by photoionization of H; (A2) 
are rapidly removed via reaction with H, (B6) and charge 
exchange (B7) and are not a major topside ion. The direct 
photoionization of atomic hydrogen (A4) does not significantly 
‘contribute to the H* ion density owing to the limited availability 
of atomic H. 

The OH produced in B4 and B5 has a short lifetime (7 < Is) 
at the altitude of the peak ion density owing to a reaction (B9) 
with H,, producing H,O and H. Thus water acts as a catalyst 
in the rapid removal of H*; each H* ion removed returns, on 
average, 3 or 4H atoms with no associated chemical loss of 
H,O. Photodissociation.of H,O (A5) yields OH which in the 
presence of appreciable H, (B9) rapidly reforms H,O (as would 
OH from any other source). There is no net loss of water due 
to charge exchange or photoionization. Thus the density of water 
above the homopause is. given by” 


Na = No exp(-92/ H) + FH)/8D, [exp(-Z/H) 
—exp(-92Z/H)] 
o ¿where No, Hp, and De are the H,O density, the atmospheric 
-.. seale height, and molecular diffusion coefficient at a reference 
(Z =0) altitude, F is the downward flux of H,O and H is the 


mospheric scale height. Assuming that the water is readily 
moved by freezing out just above the homopause or by mixing 
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Fig.3 Diurnal variation of maximum ionospheric electron density 
inferred from Voyager observations of lightning-generated. radio 
emissions in Saturn’s atmosphere, adapted from Kaiser et al? 
The dashed line indicates a model fit to the nighttime increase of 

maximum ionospheric electron density. 
























































and-chemical loss at the homopause, the density of water 
throughout the (isothermal) region of interest above 1,600 km 
altitude is just N, = (FH /8 Do) exp(-Z/H). Since the diffusion 
efficient D = D,/ N, where N is the atmospheric density, the 
wnward flux of water results in a water density proportional 
the density of the H, atmosphere through which it flows under 
the condition of constant flux, that is, N,/N = constant = 
FH/8N, Dy. 
Under these conditions a classical ‘Bradbury layer’, analogous 
the Earth’s F2 layer can form atan altitude where the chemical 
7, and diffusive 74 time constants are comparable””?". For such 
ayer, the ionospheric peak forms above the level of maximum 
nm production owing to the upward diffusion of ions. Below 
hat altitude the increasing chemical loss (charge transfer with 
ater) effectively removes the major ion, so that most of the 
ization anticipated by previous models is lost. The loss 
efficient is 8 = k{H,O] where k is the rate coefficient of reac- 
m Bl in Table 1. The required water concentration at the 
itude of the ionospheric peak can be estimated by N,, = 
hy,)/ Biha) where Nn is the maximum electron density at the 
itudes-(h,,) of the ionospheric peak, and the ion production 
unction g and loss 8 are evaluated at the altitude of the peak. 
aking =h,,~2,500km, q~1cm™°s™! and N,~10° cm”, 
propriate to the equatorial ionosphere at noon, yields a water 
ncentration of ~1,250 cm™° at 2,500 km altitude. This requires 
4x10’ cms"! downward flux of water molecules. The 
naximum densities observed at the dawn and dusk terminators 
where the extreme ultraviolet production rate is ~0.1 of the 
aximum are ~I} order of magnitude lower than the noon 
lensity, as expected. Equating the chemical and diffusive time 
constants (1/B~H?/D) yields an expected peak altitude 
tween 2,000 and 2,500 km. 
The variation of electron density with altitude can also be 
derstood using simple approximations to ‘Bradbury layer’ 
ehaviour that have been widely used in the study of the Earth’s 
yer"! The ion distribution well above the peak is control- 
2d by ambipolar diffusion, so N ~exp(~Z/Hp) where Hp is 
plasma scale height. This distribution is indicated in Fig. 2 
ssuming 800 K electron and ion temperatures, for which Hp = 
The H* ion density distribution below the peak is controlled 
hemical loss, with N(h)~ q/B(h). The ion production, q, 
s slowly, so, to first approximation, we expect N(h) below 
eak to increase with height as exp(h/H), as is illustrated 
g. 2. This reflects the increased loss at greater depths due 
eater water concentration. The peak has a width of a few 
- heights and occurs at an altitude (2,500 km) where the 
iffusion time constant is a few hours, as does the Earth’s F2 
yer. However, the rapid nighttime decay of the equatorial 
onospheric density, evidenced in Fig. 3, requires a more rapid 
ss; perhaps a downward drift related to the ionosphere- 
rotonosphere exchange described below. 
Figure 3 shows an ionospheric density minimum just after 
usk and a steady increase in near-equatorial ionospheric 
density throughout the night. We attribute this phenomenon to 
a diurnal ionosphere-protonosphere exchange similar to that 
roposed for the Earth's nighttime F2 layer’’. During daylight 
ours, photoproduction in Saturn’s ionosphere pumps protons 
outward along field lines to great heights. At night, a relaxation 
back towards the ionosphere occiits to replenish the nighttime 
nospheric density. If we assume a uniform density (n) column 
f protons at rest at dusk, under constant downward acceleration 
a) the proton influx ®,= nat increases linearly with time. 
upposing the nighttime maximum ionospheric density occurs 
at high altitudes where loss is negligible, the increase in the 
maximum density with time is related to the influx by N,,(1) = 
®,/H dt =(na/2H)t’. This increase is indicated in Fig. 3 by 
e dashed line, which fits the nighttime observations well with 
a/2H ~2x10°° cm™’s*, corresponding to a proton influx 
reasing to a maximum of ~2 x 10’ cm~? s™' just before dawn. 
e equivalent ion production rate at dawn due to this exchange 
(~0.2.cm™ s“') is comparable to or greater than the extreme 
itraviolet production. Thus, we envision a very dynamic ionos- 





phere, characterized by ion production and transport into a vast 
protonosphere reservoir by day, coupled with relaxation and 
return by night. 

The increased ion losses at latitudes connected magnetically- 
to the inner edge of Saturn's B-ring’’ can be explained by an.” 
increased local water influx of as much as 2x10? 
molecules cm~? s~'. The erosional process described by North- 
rop and Hill”? provides a mechanism whereby sub-micrometre 
charged particles (agglomeration of water molecules), unstable 
in Saturn’s ring plane, precipitate along magnetic field lines into. 
the ionosphere. If these particles are deposited directly at the 
level of the ionospheric peak (~2,500 km) the required flux is 
less than 210° cm? s~}. At this maximum flux, the ring mass 
loss is ~6X107'* gem? s7'. The large dayside extinction was 
observed at latitudes of ~37 to —39° (ref. 12), the maximum 
southerly extent of the Voyager | spacecraft. Averaged over ~4° 
latitude extent of the presumed source region in the rings (1.52 ~ 
1.62 Rs), the total ring mass loss is ~1.2x10°gs”! or 1.6 
10°? g yr™?, comparable to the estimated total mass influx from 
interplanetary meteoroids**. At this rate, 60 g cm”? of material 
can be removed from the source region in ~30x10° years, 
suggesting that this process may be responsible for the large 
decrease in optical depth of the rings inward of 1.62 Rg. 

The Pioneer and Voyager observations of Saturn’s ionosphere 
and the inferences drawn from studies of Saturn lightning can 
be largely understood on the basis of a new model of Saturn’s 
ionosphere in which water plays a major role. The planetwide 
influx of water (4x 10’ molecules cm™° 5!) required is approxi- 
mately an order of magnitude greater than that expected from 

: aoe23 Haa 
photosputtering of the rings. Morfill et al.” estimate that 
micrometeoride impacts on Saturn's icy rings produce between 
0.75 and 6 x10°gs*' of vapour, ~10% of which is deposited 
in Saturn’s atmosphere. This results in an estimated influx of 
between 0.6 and 4.5x10° molecules cm™*s”'. In spite of the 
uncertainties in this estimate~’, micrometeoride bombardment 
of Saturn’s rings is an attractive source mechanism because it 
provides an explanation of the vast differences between Jupiter's 
and Saturn’s ionospheres. An atmospheric influx of water has 
been previously suggested to explain features of ultraviolet 
spectra of Saturn’ and Voyager infrared spectra of Titan”’, The 
increased influx of water at latitudes magnetically connected to 
the inner edge of the B-ring is not inconsistent with expected 
erosion rates. Finally, we infer a diurnal ionosphere-protonos- 
phere exchange in which protons pumped into the protonos- 
phere by day return by night. 
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It is generally believed. that some type of plains-forming resur- 
facing has continued into the recent geological past on the surfaces 
a _of the saturnian satellites, particularly Enceladus’. In conditions 

of tidally-driven heating, ‘magma’ could emerge and produce the 
: plains especially evident on this satellite, as well as on Tethys, 
Dione, and Rhea. The magma favoured at present, considering the 
temperatures of the satellites and their likely formation, is the 
“peritectic melt 2H,O-NH; (refs 1-4). Surprisingly, however, vis- 
-ible and near-IR spectra have not shown any evidence of ammonia 
“on the optical surface of any of the satellites, although absorption 
< pands indicative of water ice are abundantly in evidence. On the 
basis of laboratory-derived data on the ion erosion of water and 
` ammonia ices, we suggest that the satellite surfaces could have 
“become enriched with water ice over a reasonable geological time 
period (10°-10° yr) owing to preferential erosion of the ammonia 
by magnetosphere ion bombardment. This mechanism would be 
an alternative explanation to other processes invoked for the 
absence of ammonia spectral features. The concept is similar to 
that of Haff” who has proposed that a crust of non-volatiles could 
eventually coat the Galilean satellites J3 and J4 (Ganymede and 
Callisto) through preferential water ice erosion (an ‘armouring’ 
process). : 
Sputtering rates for water ice expected on the four saturnian 
satellites Enceladus, Tethys, Dione and Rhea, using laboratory- 
measured H,O ice erosion rates’ and Voyager-measured ion 
fluxes’ = 30 keV in the vicinity of the satellites have recently 
been reported®. These rates are shown in Table 1, together with 
the expected surface loss of water ice in cm 107° yr™'. The results 
"are given for Voyager 2 measured particle fluxes at Enceladus 
“(the Voyager 1 trajectory did not go in to this distance) and 

Voyager 1 measured fluxes at the other three moons. The rates 
_ derived from the Voyager 2 fluxes are approximately a factor 
“of 20 less than. the Voyager 1 derived values, reflecting the 
temporal changes in the magnetosphere plasma population. The 
uncertainties in the laboratory numbers are ~20% (ref. 6). The 
“surface loss determination takes into account the escape frac- 

tions expected from the satellites under gravitational forces, 
‘using laboratory-determined velocity spectra for the eroded 
‘molecules’. (For example, 80-90% of the eroded molecules are 
` expected to escape Enceladus.) These molecules, sputtered from 
the satellites as. well as the E-ring, could produce the oxygen 
torus around the planet.'®'' Sputtering of the satellite surfaces 
by lower-energy, corotating ions may increase the rates and the 
erosion depths given in Table 1. In contrast, a small atmosphere 
or magnetic field on any of the moons would exclude lower- 
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Table 1 H,O ice erosion 





Escape flux Surface loss 
(10° H,O cm™? s“') (m 107? yr!) 
Protons Oxygen Protonisgg: Oxygen 
Satellite incident incident incident incident 
Enceladus* 0.01 1.0 0.01 1.0 
Tethyst 0.05 4.0 0.06 4.0 
- Dionet 0.06 5.0 0.08 6.0 
; Rheat 0.02 2.0 0.02 2.0 


~ Voyager Zderived numbers. 
Voyager 1 derived numbers. 
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energy plasma ions from striking a satellite surface; Thus, th 
values in Table 1 are probably a conservative estimate of th 
surface effect. : : 
The values of Table | indicate that a surface loss of water i 
ranging from a few centimetres to several metres could 
expected on Enceladus, depending on the composition of 
ion-flux in the vicinity of the satellite. Determinations o 
composition from the Voyager 2 data suggest that there 
appreciable flux of energetic oxygen in the vicinity of: 
and Enceladus’. Thus, the higher values of the erosion tat 
the net erosion are probably more representative of the : 
situation. The erosion values for Table 1 were calculated 
ing isotropic ion bombardment of the satellites, because 
pitch angle anisotropies are sufficiently small in this, 
the magnetosphere”. 
We have determined in the laboratory the erosion yie 
frozen ammonia molecules (at ~ 10K) under bombardmeni 
1.5-MeV He* and Ne* ions. These values are Y(He')~ 
molecules per incident ion and Y(Ne*) ~ ~2x10° molecul 
incident ion. At this temperature in these experiments we foun 
no evidence for the preferential removal from the surface of tl 
hydrogen compared with the nitrogen. However, the NH; cou 
be released as atoms and/or molecules other than ammonia, 
has been reported in the case of frozen NH, bombarded | 
3-keV argon ions’? (absolute yields are not determined in: 
experiment). The ¥(He*) on NH, is comparable with those 
have measured from solid oxygen and solid carbon dioxid 
































































ice (~8). 
The detailed erosion yield studies of water ice in the laborato 
show that at temperatures <100K, for fast light 
(=1 keV aMU™'!), the yield varies roughly as ghe squ 
oe stopping power of the incident ion®. The r 
1.5-MeV He* and Ne* erosion yields on NH, also 
roughly the square of the ratio of the stopping powers, W 
previously found that the erosion of water ice by heavy 
depends more steeply than quadratically on ‘the. sto 
power®™?. From data on heavy ions incident on. HO 
have Ya. 5-MeV O*) ~ 650. The stopping power. of n 
oxygen are quite similar at these energies, so that we'¢ 
fidently use the laboratory values for Y(Ne*) in the fo 
If we assume that the molecular species in aw 
ammonia mixture sputter at a rate proportional to the 
sputtering yields, the equilibrium concentration of a 
~5% for light-ion (proton) irradiation to ~30% for onl 
ion (oxygen) bombardment. At the higher temperature : 
<100 K) expected on Enceladus, the ammonia fraction wi 
lower as the yield for the more volatile NH, is expecte 
increase with increasing temperature. Such temperatu: 
dencies of the yield have been observed in the range 50 0 
for CO, and SO, (ref. 6), which have material binding energi 
bracketing that of NH. At temperatures approaching ; 
sublimation temperature, more volatile species, such as Ng 
H, are likely to be produced'?, as in the case of sputtering 
H;0 ice®. 
As the ion bombardment enhances diffusion to the surface 
the more volatile species, the layer bombarded will be dep 
in nitrogen down to the penetration depth of the incident ion 
(~0.3-3 um for 10- 10° keV protons and a tenth that for incident 
O*). In fact, much deeper layers of ammonia depletion migh 
be expected for several reasons. Ion erosion produces a v 
non-uniform surface and other geological processes (such 
internal heating) and exogenic processes (such as mic 
eteoroid gardening) can bring fresh material to the surface. Also; 
any ice grains from the E-ring which might coat the surface will 
be depleted in ammonia by ion bombardment. 
Taking the values of the erosion for ammonia ice estimated 
above, we find that for a pure ammonia ice surface the ammoni 
removal on Enceladus would be some tens of centimetre: 
(erosion by protons) to tens of metres (erosion by oxygen ions). 
in 10° yr (Table 1). Hence, in 10° yr, it would not be ug 
to expect the ammonia in a frozen magma to 









ould occur to prevent the detection of ammonia in the infrared. 
also note that estimates of erosion over long time periods 
it take into account possibilities of variations in magnetos- 
iere fluxes. The absence of reports of detection of ammonia 
the magnetosphere does not indicate the absence of ammonia 
d/or a nitrogen by-product. In these regions, the cold- and 
plasma instruments could not distinguish clearly between 
nitrogen and oxygen. Further, nitrogen from dissociated 
mmonia would be indistinguishable from a nitrogen contribu- 
n from Titan’s atmosphere. 
A process complementary to that discussed here can result 
‘om micrometeorite impacts on the satellite surfaces. Although 
t discussed in detail here (micrometeoroid bombardment is 
ewed in ref. 14), note that such an impact will probably be 
anced by ‘gravitational focusing’ around Saturn, compared 
ith the rates expected in the heliospheric ecliptic plane (for 
ple, on the moons of Earth and Mars). NH, and H,O have 
vastly different vapour pressures; thus, the vaporization and 
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eduction by polymer additives is commonly explained in 
of nearly complete extension of the macromolecules by high 
sional strain rate regions of irrotational flow associated with 
ent bursting’. The intermittent nature of the bursting 
cess means that the polymer conformation cannot be measured 
tly by optical methods such as light scattering or birefrin- 
ence. We have studied the degradation of narrow molecular weight 
distribution (MWD) polystyrene in a turbulent flow device which 
been carefully constructed to minimize all sources of 
nsional flow except for that encountered in the turbulent flow 
itself. We report here the results of size exclusion chromatography 
he degraded samples which show that chain scission occurs in 
harrow distribution around the chain midpoint, indicating that 
e macromolecules are highly extended when they break. This 
resents the most convincing evidence yet for high chain elonga- 
tion of polymers in a turbulent flow. 
igh chain elongation has been shown to occur in model 
minar extensional flows by birefringence”. It has also been 
shown that laminar extensional flow induces scission of poly- 
rs in a fairly narrow distribution centred on the chain mid- 
yint*’, Midpoint scission itself is evidence of high chain 
xtension since the highly elongated state is the only comforma- 
on of a randomly coiling macromolecule that would cause the 
maximum hydrodynamic force to be at the centre of the contour 
length of the chain. 
The degradation studies were done in a single-pass gas press- 
ure-driven flow device (see Fig. 1 legend for a description of 
the device). To perform a degradation run, the degraded sample 
ollection reservoir and flow tube were filled with pure solvent 
nd the feed solution reservoir was filled with the polymer 
solution. The system was pressurized to 20-87 atm and the 











These considerations present the intriguing possibility that, _ 
under an assumption of known magnetosphere charged-particle 
fluxes, an estimate can be made of the lower limit of the age of _ 
the last major satellite resurfacing. Furthermore, knowledge of 
the ammonia erosion rate can place an upper limit on the rate 
of continual resurfacing of a satellite surface, if that is a viable | 
‘tectonic’ process, in contrast to sudden major occurrences of 
resurfacing. This coupling of geological processes with space 
plasma physics processes is an exciting prospect, as for the case 
of Io’s contribution to Jupiter’s heavy ion magnetosphere torus. 

We thank Dr W. B. McKinnon for discussion, and other 
participants in the NATO Research Workshop on Ices in the 
Solar System, where some of these ideas were generated. We 
thank Dr S. Squyres for helpful comments on the first version a 
of this paper; L.J.L. also thanks Dr D. J. Stevenson for a helpful 
discussion. The work at the University of Virginia was supported 
in part by the NSF Astronomy Division under grant No. AST-82- 
00477 and the NASA Geophysics/Geochemistry Division under ` 
grant NAGW- 1386. 
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Fig. 1 Schematic diagram of the turbulent flow degradation 
apparatus. The apparatus comprises two reservoirs of 8.9 cm ID 
(internal diameter) connected by a 0.70-cm ID stainless steel tube 
244cm long. The entrance to the tube from the feed solution 
reservoir comprises a conical funnel machined on a 4.1 cm radius 
that smoothly reduces the diameter from that of the reservoir to 
that of the tube. (This lowered by an order of magnitude the 
extensional strain rates caused by the entrance, and was necessary 
as Culter et al.’® have shown that entrance effects can dominate 
polymer degradation even in turbulent flow.) The exit from the tube 
to the degraded sample collection reservoir consists of a cone of 
7° angle which reduces the fluid velocity by an order of magnitude. 
A timer-controlled solenoid valve is mounted downstream of the 
degraded sample collection reservoir, and solution leaving the 
solenoid valve is sent to a holding cylinder. A sampling valve is 
mounted on the degraded sample collection reservoir upstream of 
the solenoid valve. 


solenoid valve was opened for 1.5-4 s. Polymer solution passed 
through the degraded sample collection reservoir and solenoid 
valve to the holding cylinder. While the concentration. of the 
polymer solution changed in the degraded sample collection 
reservoir during the experiment, the MWD was always that of 
the polymer that. had experienced the turbulent flow. 

The molecular weight distributions of the samples were deter- 
mined using size exclusion chromatography (SEC). The system 
consisted of a pair of Waters Ultrastyragel (10° A and 10°A 
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Fig.2 a, Chromatograms of original (~-~) and degraded (——) 

900,000-MW_ polystyrene. <-+-, 2.5 times the difference 

(degraded — original), b, Chromatograms of original (° +>) and 

degraded 3.84 10°-MW polystyrene. —--, Degraded sample 

(single pass at 21 atm total pressure drop); ~~~, degraded sample 
(single pass at 40 atm total pressure). 


pore size) columns; the plate count for the system was greater 


"than 30,000 plates. Anionically polymerized polystyrene of 
molecular weight (MW) 900,000 (ratio for weight average MW 

-ito number average = 1.04 by SEC) was obtained from Pressure 
-Chemical Co. and a sample of MW 3.84 x 10° was purchased 
_ from Toyo Soda Ltd. The 3.84 x 10°-MW sample had a dispersity 

of 1.15 by SEC. The degradations were done at a polymer 
‘concentration of 50 p.p.m. in chloroform. The shear viscosity of 
the solution was identical to that of the pure solvent. 

Figure 2a shows chromatograms of undegraded 900,000-MW 
polystyrene and the same sample after a single pass through the 
apparatus at 87 atm total pressure drop (Reynolds number = 
730,000 and the wall shear stress was estimated as 3,000 N m”). 
The height of the chromatogram has been normalized to simplify 
comparison. The degraded sample exhibits a shoulder centred 
at MW 450,000. When the chromatogram of the original sample 
is subtracted from that of the degraded sample (normalized 
according to peak area), the difference curve peaks at MW 
450,000 (Fig. 2a). This proves that scission of the 
‘macromolecules occurs in a fairly narrow distribution around 


the chain midpoint. Midpoint scission is also confirmed by the 


data for the 3.84x10°-MW polymer in Fig. 2b. The 
chromatogram of the undegraded sample consists of a single 
_ peak at MW.4 x105; for the sample degraded at a system pressure 
: Irop of 21 atm, there is a shoulder at MW 4x10° due to`the 
cen fraction and.a peak centred at MW 2 x 10° due to the 









the original alee is degraded and there isa si 
centred at MW 2 x 10° (Fig. 2b). These data are consistent 
midpoint scission governed by a rate constant which decr 
with decreasing molecular weight. 
By using simultaneous birefringence and degrad: 
measurements in a cross-slot flow device, Odell-et al" he 
shown that midpoint scission occurs when the macromole 
is fully extended in an extensional flow. Recent SEC degrad 
studies done in our laboratory with a sudden contraction 
confirm midpoint scission of polymer chains in extensional 
As discussed in ref. 7, we model ‘the extended polymer 
as a string of beads aligned with the flow to calculat 
force on the chain. Following Zhurkoy*®, main-c! 
scission of a bond in tension is modelled asa first-ord 
process with the rate constant given by 


k, = Aexp[-(E,~ F,Ar)/kT] 


where k; is the first-order rate constant for scission of tt 
bond, E, is the bond energy, F, is the force on that bon 
is the distance a bond must be separated to break, an 
Boltzman’s constant. Using this model, drag. forces ob 
from curve fitting of experimental data are of the correc 
of magnitude. The width of the second peak i is correctly 
dicted by equation (1). These results, taken in conjuncti 
the data of Odell et al.®, provide convincing eviden: 
chain extension does indeed occur in extensional flo 
chain scission and that this leads to scission centred m 
chain midpoint. o 
Thus, the data presented here, showing midpoint cissi 
macromolecules in turbulent flow, strongly imply tha 
mer chains can indeed be fully extended by turbule 
well as by laminar extensional flow. Previous 
suggested that scission is centred on the midpoint 
was based primarily on the observation that the mole 
distributions of broad MWD polymers are na 
tion. The chromatograms of the degraded narr 
presented here provide the most dire de 
aware of for high extension of randomly coiling ma 
in turbulent flow. > 
We thank the Arco Chemical Co. for their Suppo 
project. 
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In monsoon regions, the seasonal migration of the intertropical 
convergence zone (ITCZ) is manifested as a seasonal reversal of 
winds. Most of the summer monsoon rainfall over India- occurs 
owing to synoptic and large-scale convection associated with 
continental ITCZ (Fig. 1). We have. investigated the interaction 
between these large-scale convective systems and the ocean 
which they are generated’ °, concentrating on the relationship 
between organized convection over the Indian Ocean and sea 
surface temperature (SST). We report here that ona month 















n determining the variability of cloudi- 
Over the major regions of convection east of 70° E, which are 
year after year, the observed cloudiness cannot be correlated 
h variations in SST. 
ganized convection over the equatorial Indian Ocean has 
n important role in maintaining the continental ITCZ? (Fig. 
, and the degree of continental cloud cover is linked to that 
r the ocean. The most important factor governing generation 
nd maintenance of synoptic and large-scale cloudiness in the 
‘opics is SST**. Variability of large-scale convection over the 
acific has been shown to be intimately related to variations in 
7. However, the coupling between the Indian Ocean and 
ontinental ITCZ is more. complex, involving correlations 
tween the SST and oceanic cloudiness on the one hand and 
oceanic and continental cloudiness on the other. 
ot surprisingly, studies of the relationship between monsoon 
fall over India and the SST anomalies over different parts 
he Indian. Ocean, Arabian Sea and Bay of Bengal have 
elded rather low correlation values*”'®. In fact, the results of 
e studies. differ even in the sign of the correlations obtained 
is because the periods studied were different, or there 
e biases in the data, etc.). The results of different investiga- 
s of the relationship between SST anomalies over the Indian 
cean and rainfall over India using general circulation models 
e also ambiguous ''~'*. The one unequivocal result of all quan- 
tative numerical studies is the reduction (enhancement) in 
precipitation directly over a cold (warm) SST anomaly. 
__ As a first step towards unravelling the complex interaction 
yetween the continental ITCZ and the SST over monsoon 
s, we investigated the relationship of the synoptic and 
e-scale convective cloudiness over the Indian Ocean to SST 
the summer monsoon. 
ie basic data available for 1966-72 are: (1) daily values of 
pudiness index (ranging from 1 to 9) at each 2.5° latitude- 
ude square over the tropics, based on operational 
phanalysis prepared by the National Environmental Satellite 
© of NOAA and compiled by Sadler and associates'*!5, 
henceforth called the Sadler index; and (2) monthly SST 
he: oceanic regions between 40° E and 100°E and north 
0°'S for 5° latitude-longitude squares compiled by Joseph 
Pillai’? from the data collected by the voluntary observing 
et of over 40 maritime nations and stored at the National 
ita Centre of the India Meteorological Department. 
comparison of the daily distribution of the Sadler index 
th the imagery of the hemispheric mosaics analysed previously 
investigation of the variation of the ITCZ over Indian 
tudes’, indicated that synoptic and large-scale convection 
ample, ITCZ) is associated with values of 26 of the 
‘index. Thus, we have concentrated here on epochs charac- 
| by Sadler index 26 and define the cloudiness intensity 
y grid point for any month as the sum of the Sadler index 
: days on which it is =6. 


































ble 1: Correlation between SST and degree of cloudiness over Indian 





Ocean 
No. of data Correlation coefficient 
points (95% confidence limits) 

1,602 0.564 + 0.034 
1,568 0.548 + 0.035 
1,502 0.517 + 0.037 
1,418 0.468 + 0.041 
1,340 0.418 + 0.045 
1,212 0.364 +.0.050 
1,064 0.282 + 0.056 

823 0.183 + 0.067 

468 0.094 + 0.092 

190 0.01 




























ref. 1). 

















August September 


Fig.2 Variation of the location and latitudinal extent of the ITCZ 
at 90° E during the monsoon seasons of 1973-75. 


For a 5° grid, there are 58 squares (cells) in our study region 
for which SST and cloudiness intensity are given for each month 
(June-September) of 1966-1972. This corresponds to over 1,600 
cell-months for the seven monsoon seasons. The distribution of 
these cell-months in the SST cloudiness intensity plane is shown 
in Fig. 3. The most remarkable feature of this distribution is the 
restriction of the points to the warmer side of the lines ab, be. 
A given level of cloudiness intensity occurs only if the SST is 
higher than a specific value, which is clearly a necessary condi- 
tion for occurrence of organized convection. For SST below 
28 °C there is a well defined value for the maximum cloudiness 
intensity (which increases linearly with SST), whereas above 
28 °C it seems to become independent of SST, although there 
are too few points with large cloudiness intensities to make 
definitive statements about this behaviour. Up to about 28 °C, 
the minimum cloudiness intensity is zero (that is, a Sadler index 
of <6 for each day of the month) but above 28 °C it increases 
with SST. The probability of occurrence of different cloudiness 
intensities for a given SST also shows a marked change across 
28 °C (Fig. 4). Whereas the most probable intensity is zero below 
28 °C, it abruptly shifts to ~40 units above this SST. These 
results suggest that a SST of 28°C is the threshold for active 
generation of organized convection. 
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š Joudiness ‘intensity plotted against SST for June- 
ber 1966-1972. The number of cell-months at each location 
; “is indicated: ©, 1-4; @, 5-9, @, >10. 
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about 10 “doudy’ days per month) i is zero for SST below 
5.5 °C, which is the Palmen’® threshold for tropical cyclo- 
genesis. This probability increases with SST, reaching a value 

0.65 ( ot unity) over the warmest waters, which demon- 
| that pigh SST is a necessary but not sufficient 







` The correlation between SST and cloudiness intensity based 
‘on the entire summer data set is large and positive: 0.566 + 0.033 
(95% ‘confidence limits). Most of this correlation arises from 
-restriction of the cloudy region to relatively warm waters, and 
-once the threshold of 28°C is crossed, the intensity of cloud 
cover is no longer dependent on the SST (as seen in Table i 
for the correlation coefficient for restricted data sets comrpising 
only cells with SST above the specified limit). Of the many 
» factors that are important for intense convection such as lower 
tropospheric convergence, SST, etc., SST ceases to be the critical 
imiting factor when maintained above the threshold. Thus, over 
he warm oceans!’ east of 70° E, which are the major regions 
f organized convection, the correlation is poor (and over some 
rts even negative). In fact, the observed variability in cloudi- 
uring 1966-72 over the north Indian Ocean cannot be 
variation of the r monthly. SST. 
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The formation of continental crust over the past 3,800 
depleted the mantle of large-ion lithophile elements". Jed 
of the timing of the depletion and the degree of chemical homoge 
ity of the depleted mantle over the history of the Earth is imy 
to understand the development of the continents, their recycli 
back into the mantle”, and the nature of convection and mi 
in the ancient mantle. This may be inferred by determining 
initial 'PNd/ “Nd, '*HE/"HE, and *’Sr/*’Sr ratios of igi 
rocks that were derived from the mantle at various times. I 
'8Nd/'“4Nd ratios of ~1,700-Myr greenstones from the Ri 
Mountains range from £ya = +3.3 to +6.5, the highest values 
observed for mid-Proterozoic rocks. These data const 
change in £ya of depleted mantle to be only 2-3 £ units oy 
past ~ 1,700 Myr which supports the hypothesis of significan 
recycling of continental crust into the mantle” 

Nd and Sr isotopic data were collected from ~I ,100-Myr ok 
metavolcanic rocks along a 750-km long traverse from near 
Wyoming Archaean province to central New Mexico (Fig. 
These predominantly mafic oceanic volcanic rocks pre 
tepresent primitive island-arc type magmatic effusions whi 
are believed to be the raw materials for the generation of con: 
tinental crust’. Lack of evidence for crust older than 1,800 
(ref. 8), and trace element data*"'° suggest that the sample 
not significantly contaminated by older crust. The object 
analysing this suite are to determine the Nd and Sr isoto 
composition of the mantle 1,700 Myr ago, and to assess 
meaning of the isotopic data for the evolution of the uppe 
mantle and for the petrogenesis of these and other rocks 
similar ages'™!?. 

The volcanic greenstone successions sampled are summarize 
in Table 1. The U-Pb (zircon) crystallization ages for these rocl 
increase from south to north towards the Archaean craton (Fig. 
1) (refs 13-15, 18 and S. Bowring, in preparation). The samples: 
from the Green Mountain Formation were collected from within. 
3km south of the Wyoming Shear Zone'”"'®, which separate: 
the <1,800 Myr-old crust from the >2,500 Myr Archaean prov. 
ince to the North. : 

The analytical methods are described elsewhere", except 
that neodymium isotopic measurements were made using an 
NdO* ion beam rather than Nd*. Dissolution procedures a ar 
detailed in Table 1. 

The Sm-Nd and Rb-Sr isotopic data are listed in. Table 
The initial ce, and Esr values: of the mnp have been calcu! 






























19,20 












Rb-Sr and Sm-Nd isotopic data on greenstone belts, southwestern USA = 







































































ample Description St(p.p.m.)  *’Rb/**sr 
| greenstone’ (1,680 Myr) 
Tholetite 102.7 0.5261 
Tholeiite 137.9 0.1772 
Tholeiite 132.7 0.6803 
Tholeiite 138.4 0.0307 
Tholeiite 60.40 0.0245 
recos greenstone’ (1,720 Myr) 
79-42-26 High-Mg tholeiite 289.8 0.2378 
79:22-26 High-Mg tholeiite 216.1 0.3838 
Sng 4,285 0.2468 
79-18-26 Ultramafic { i S 
79-23-26 Ultramafic 19.37 0.0444 
bois greenstone’ (Cachetopa Creek) (1,740 Myr} 
B:6 Tholeiite 304.5 0.0559 
Thoileiite 226.6 0.2335 
Tholelite 394.0 0.0207 
Tholeiite 464.6 0.2166 
} x 196.3 1.051 
pAMS Rhyolite { 196.4 1.057 
reen Mountain Formation’® (1,780 Myr) 
(GMO09 Tholeiite 539.1 0.0118 
GMI16 Tholeiite 464.6 0.0546 
' Tholeiite 497.3 0.0611 
Tholeiite 606.3 0.1087 
Dacite 277.0 0.7297 
z 172.8 0.6921 
Rhyolite er 0.6994 
S 132.5 1.342 
Rhyolire (al 1.344 


loulated initial Nd ratio is +0.5 e units. The initial '*Nd/! 


tial Sr ratio is +0.5 e units for low Rb/Sr to +0.9 for high Rb/Sr. 


ing the zircon U-Pb ages (Table 1, Figs 2, 3). All of the initial 
ı Values are positive. The Green Mountain Formation (GMF) 
values of +3 to +4, which are comparable with those 
etermined previously for the Twilight Gneiss and the Idaho 
ings Formation orthogneiss''. The exg values for the Dubois 
nd Tijeras greenstones are in the range +4.5 to +6.5, which 
è the highest values yet measured on any rocks of this general 
ge”'? (Fig. 2). The basaltic rocks of the Pecos greenstones 
ave ena values that are similar to those of the GMF. One 
Itramafic sample (79-18-26), however, has £ya a8 high as +6.9, 
though this sample could be especially susceptible to post- 
crystallization disturbance because of its low Nd content. A 
cond ultramafic sample (79-23-26) collected only 300 m from 
he first has a calculated initial ena of +4.5, which is more 
insistent with values measured for the Pecos basalts. 
Because small amounts of crustal contamination would cause 
€ Enq Values of magmas to be lowered, we infer that the highest 
‘na Values measured are most likely to be representative of the 
pper-mantle. The other rock suites may be affected by minor 
nvolvement of preexisting Archaean crust, which would have 
ad an average ex, value of about —10 (Fig. 4). The samples 
th the lowest ex, values occur closest to the Archaean craton, 
h is qualitatively consistent with the contamination 
pothesis. However, a wide variety. of rock types from a fairly 
‘oad area all seem to have been affected to the same extent 
MF, Pecos, Idaho Springs Formation and the Twilight 
ineiss). This implies that there was a rather effective and large- 
scale process of crust-mantle mixing involved. Only a small 
proportion of crust is necessary to explain the shift from eng = +6 
to Eng = +4 (1-5% depending on the process), so even the most 
‘contaminated’ rocks still largely represent primitive mantle- 
derived materials. 





Esd TY Neé(p.pm) Sm/Nd 
























agrs, yaj a i 
0.70639 + 2 ~126 4.556 0.2275 0.512463 20 

0.70402 +3 ~39,3 4.960 0.2295 0.512525 + 20 

0.70855 + 4 ~ 148 5.893 0.2224 0.512428 + 18 0, 
0.70373 +5 +6.9 5.234 0.2234 0.512410 £20 5.3 
0.70369 +: 3 +8,2 4.490 0.2364 0.512521 + 16 48 
0.70875 +3 +6.1 2.078 0.1618 0.511642 4 15 39 
0.711963 +0.6 1.745 0.1725 0.511756 19 3:8 
0.71100 +4 +35.0 0.7852 0.1053 0.511154+20 6.9 
0.71096 +6 +34.2 0.8113 0.1056 O.St1i45+ 19 6.7 
0.70557 +3 +28.7 1.074 0.1364 0.51139] +14 46 
0.70388 + 3 +0.7 12.69 0.1843 0.511942 + 25 4.9 
0.70750 +3 -ILO 11.06 0.1876 0.511995 £ 16 5.2 
0.70295 + 4 +01 20.69 0.1372 0.511407 £25 49 
0.70772 +4 -49 27.44 0.1450 0.511476 21 4.6 
0.72819 +3 ~16 40.82 0.1217 0.511210 + 20 4.8 
0.72818 +4 -9.8 41.00 0.1217 0.511240 +21 5.2 
0.70293 £ 4 +74 14.50 0.1337 0.511287 + 21 3.7 
0.70411 43 +47 16.89 0.1330 0.511308 +22 4.3 
0.70431 +3 -2.7 21.47 0.1324 0.511258 + 36 3.4 
0.70605 + 3 +12.6 19.77 0.1322 0.511266 +24 3.6 
0.72976 +3 +124 33.81 0.1156 0.511073 + 21 3.7 
0.71923 4 2 -12.4 45,64 0.1126 0.511041 + 16 3.7 
0.71944 t 3 -12.1 45.68 0.1127 0.511063 +25 4.1 
0.73652 £5 -3.1 30.18 0.1091 0.510995 £17 3.5 
0.73658 + 3 ~2.9 30.90 0.1088 OS11014 £26 4.1 


nett 
* Calculated with respect to a chondritic reservoir with composition today of  Nd/'*Nd = 0.511836, '“’Sm/'*Nd = 0.1967, Aga: 0.00654 10° Myr”. Error for 
Nd and *’Sr/**Sr ratios have been converted to Eng and es, values, 

om those expected for primitive mantle reservoirs at the time of formation of the tavas???" 


143 isa 
Nd/ Nd, o 
ena = 10° a 2 | 
Nd/ Ndenur 


certainties at the 95% confidence level. '*3Nd/'**Nd normalized to '“°Nd 
Calculated with respect to a uniform reservoir with present composition of 


which indicate how the ratios differ 


12 Nd = 0.636151. *’Sr/**Sr normalized to *°Sr/*Sr = 0.1194. 
78r/*°Sr = 0.7045, *’Rb/**Sr = 0.0827, Ag, = 0.0142 x 10°? Myr", Error for calculated 


These rhyolites were spiked and then dissolved in sealed Teflon bombs at 180°C for 7 days. A second aliquot of each rhyolite was also completely dissolved in Teflon 
ts, for comparison (second entry). The small differences observed are within the range expected for sample heterogeneity (for example, 
the calculated initial isotopic ratios are the same within analytical uncertainty. 


see two aliquots of 79-18-26) 


The relatively high initial exq values of up to +6.5 (or +6.9) 
have important implications for crust-mantle evolution 
models***. The relationship between these data and data on 
island-arc type mafic volcanic rocks of other ages is illustrated 
in Fig. 2. The data suggest that the ena value of the depleted 
mantle source of continental-type materials has increased by 
only about 2 or 3e units over the past 1,800 Myr. The growth 
of exg expected for in situ radioactive decay in the mantle is 
given by: Qua Ssm/na (ref. 3) where Qua is 25.13 x 107? Myr™! 
and fsm/na is the Sm/Nd enrichment factor relative to chon- 
drites. The highest fsm;na Value measured on a 1,700 Myr green- 
stone (MZ-6) of +0.20 is similar to the highest values measured 
on young mid-ocean ridge basalts (MORB)**. Based on partial 
melting models, the fsm/na value of the mantle source should 
be larger’. Consequently, the growth rate of Eng in the mantle 
due to in situ radioactive decay is expected to be >5x 
10°? Myr™', or ~3-5 times faster than observed. These data 
verify the discrepancy noted previously’ and emphasize the need 
to have low-ex4 materials injected into the mantle, to slow thé 
growth of the upper mantle ex, value. We believe that this 
low-enx4 material is old continental crust, although other expla- 
nations have been proposed”. The data also constrain the dep: 
leted mantle curve for mid-Proterozoic time to significantly 
higher ey, values than previously suggested"! 7° (Fig. Deo 

Poor correlation of measured *’Rb/**Sr with °’Sr/*°Sr (Table 
1) indicates disturbance of the Rb-Sr systematics of the samples. 
This casts doubt on their reliability as estimators of the mantle 
*"Sr/®°Sr value. The calculated initial values for the samples are 
compared with present-day oceanic basalt values on the exg- és, 
diagram*®*! (Fig. 3). This representation assumes that the pres- 
ent-day whole Earth *’Sr/**Sr and *’Rb/**Sr ratios are 0.7045 
and 0.0827 respectively”. The gs; values for the Proterozoic 
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Fig. 2 Nd isotopic evolution diagram for the depleted mai 
Data from this work are shown in solid rectangles. (1), Tijeras; 
(2), Dubois; (3), Green Mountain Formation, which correspor 
to the range for the Colorado Front Range'! (CFR), (4a) Pecos, 
(4b) possibly altered ultramafic sample from Pecos. Large arro 
indicates average evolution for Archaen crust*’"*, Other isote 
data: K, Kambalda®’: CS, Cape Smith”'; SA, Saudi Arabia”? 
Bay of Islands ophiolite?’; S, Samail ophiolite*'. A histogram of 
published e, 4 values for modern intra-oceanic island 
apparently free from contamination by older crust is:shown at 
left?*“?-5°, All samples with exg<6.5 are either boninites or fro: 
the Lesser Antilles. Dashed curve (labelled DM) is isotopic ev 
ution of depleted mantle proposed b y, by DePaolo!! and Allègre st 

Rousseau”. 
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netabasalts with "’Rb/**Sr<0.1 appear to be too high relative G 
o their ex, values when compared with young oceanic lavas, €sr 
specially. those from mid-ocean ridges?™ 67, All except three iza 4 . i iad 

lot to the right of the line. ee, = —2.7ex,. The ig. 3 eng versus és, diagram, showing initial ratios calculated | 
T arbples a impossibly tow calculated initial for samples with Rb/*°Sr<0.1 (@) and *’Rb/**Sr>0.1 (W 
gg, values and are clearly disturbed. Three of the samples with (Data that plot outside range of graph are indicated: by arrows 


: Bao. a with £g, values.) Oceanic correlation line for modern basalts cor 
higher °’Rb/ tios lie close to the line. The apparent shift sponds to £s, = —2.7ena. Value and estimated errors for bulk Earth 

























‘of es, values to the right on the diagram is similar to altered isotopic composition are from ref. 26. Depleted mantle should 
young oceanic basalts and some island-arc lavas”*”*. This, and always have values along the correlation line (see text). Three. 
the relatively large” range: of- observed £s, values lead us to samples plot near this line, but typically the Rb-Sr systems have 














conclude that the samples do not precisely define the £s, value been strongly disturbed by later metamorphic or weathering events. | 
‘of the mantle. sources of the lavas; Most simple models of mantle 
‘isotopic evolution predict that the es, value of depleted mantle 
«reservoirs should lie- near the MORB-whole Earth line for all the effects of metamorphism. We emphasize that the abiere 
time. This follows from the observation that the partitioning of initial “’Sr/*°Sr ratios in the high-Rb/Sr rocks (as low as 0.7023) 
Sr and Nd between the mantle and the continental crust may would normally be considered to be quite low, but the correct 
be similar®’, though this has not been proven. eng values of +6 mantle value is probably lower. 
ould correspond to Esr=—16 or ®7Sr/*°Sr= 0.7014. at Greenstones of 1,680-1,780 Myr age in the southern Rock: 
5700 Myr ago ‘Most previous studies of mid-Proterozoic rocks Mountains have high ena values and high Sm/Nd ratios that 
failed to find intial ®7Sr/*Sr values this low?! Our data indicate the existence of relatively homogenous and widesprea 
1 this low value for the mantle, but cannot be depleted mantle reservoirs similar to those sampled today i 
use of the uncertainties associated with . océanic magmatic arcs. The data strengthen the observatio 























‘the growth of ensia the upper mantle has been retarded 


er the past 2,000 Myr, probably because of recycling of con- 
tinental crust. The general tendency for samples nearer the 
tchaean craton to have lower initial ex, values argues for 
ontamination with small amounts of Archaean crust. Yet these 
samples—the GMF, Twilight Gneiss and Idaho Springs Forma- 
on—all have the same calculated initial ena =3.7 £0.5, which 
implies vigorous and thorough regional mixing of a small 
amount of crust into the mantle near the Archaean plate boun- 
dary. The almost ubiquitous disturbance of the Rb-Sr system 
crustal rocks makes it difficult to determine a precise ®°"Sr/*°Sr 
evolution curve for depleted mantle. Continuing efforts to estab- 
lish this curve are, however, extremely important in the context 
f establishing the history of crust-mantle evolution. 
The Nd data confirm earlier conclusions that large segments 
f the crust in southwestern North America were derived from 
he mantle ~ 1,800 Myr ago”. Compared with the Mesozoic and 
enozoic. patterns, this suggests major contrasts in rates, and 
ossibly styles, of plate tectonics in middle Proterozoic time” 
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The most active volcanic zone on Earth occurs along the global 


mid-ocean ridge system where the lithosphere is pulled apart and 


new oceanic crust is created at rates between 10 and 200 km Myr“; 


This volcanism is segmented, and is concentrated along the axial 
valleys and highs of slow- and fast-spreading ridges respectively, _ 
with transform fault zones separating, and generally offsetting, . 


each active ridge segment. Volcanic activity may be nearly absent 
at the ridge transform intersection where a slow-spreading ridge 
is offset, and greatly reduced where a fast-spreading ridge is offset, 
implying thinner crust in these regions’. The source of magmas 
erupted along ocean ridges is the underlying mantle, which under- 
goes decompression melting when rising to fill the gap between 
the spreading plates. The resulting magma aggregates in the upper 
mantle and ascends to the crust due to its low density compared 
with the parent mantle rock, The melt is believed to pool in crustal... 
magma chambers—whence it periodically erupts to. the surface. ©. 


Typically, the formation, ascent and aggregation of magmas along . a 
the mid-ocean ridges is regarded two-dimensionally and modelled 


in a section through the crust and mantle across the strike of the 
ridges (see ref. 2). Here, however, we consider the problem with a 
three-dimensional model for which we provide supporting geologi- 
cal evidence, in which the magmas rise as a result of a gravitational 
instability (modified Rayleigh-Taylor) in the underlying partial 
melt zone. 

It is reasonable, to a first approximation, to assume that the 
mantle is behaving as a viscous newtonian fluid, so we can 


expect the upwelling to be two dimensional with a maximum __ 
under the smoothed location of the spreading centre. If this is 


the case, we also postulate that a linear region of high-melt 
content exists in the mantle below the ridge where melt aggre- 
gates from the rising asthenosphere. This region could be 
approximated as a horizontal cylindrical body with relatively 
low viscosity and density compared with the overlying mantle. 
In such circumstances, it will develop a gravitational instability 
leading to regularly spaced vertical protrusions. We have con- 
ducted some simple experiments in which a water—glycerine 
mixture was quickly injected into glycerine along a horizontal 
line. Although this line will gradually rise because the water- 
glycerine mixture is less dense than the pure glycerine, an 
instability will always also develop as shown in Fig. 1 and lead 
to semi-spherical pockets. It is reasonable to expect that a linear 





Table 1 Composition of postulated parental mantle, abyssal peridotites and a.) 
primitive abyssal basalt í 





Fracture Primitive 
zone abyssal 
Parental mantle models peridotites§ basalt 
Pyrolite* Pyrolitet Xenolithst tholeiitel| 
SiO, 46.1 45.0 42.9 43.6 50.9 
TiO, 0.02 0.17 0.2 0.02 0.89. 
ALO; 43 44 5.8 L48. 16.0: 
FeO 8.2 16 9.2 8.20 8.83 
MgO 37.6 38.8 37.2 45.2 9.02 
CaO 3.1 3.4 3.7 i E 12,4. 
Na,O 0.04 0.40 iy 0g e208 
CrO, — 0.45 6.2 Ren es Le 
NiO — 0.26 O.2 oe 0,22 = 


Mg/(Mg+Fe) 0.891 0,901 0.878. 6.908 = 





* Pyrolite model’. 

+ Pyrolite model”. 

¢ Upper mantle model”. 

§ Average abyssal peridotite’, 

[P Primitive © Abyssal 1 tholeiite (TRIS4-1802)"* 
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Fig. 1 Gravitational instability of a horizontal line of water/ 
“glycerine mixture in a bath of pure glycerine. Kinematic viscosity 
of the glycerine is estimated as 5.0 cm? s™', that of the water/gly- 
^ cerine mixture as 0.015 cm? s~', and reduced gravity g* = gAp/p = 
260 cm s~*. The dark stripe at the bottom is 0.64 cm diameter tubing, 
<. and the initial diameter of the conduit is estimated with a precision 
: optical micrometer to range from 0.16 to 0.24 cm. The spacing of 
the 25 diapirs in d is 39.5 cm for an average of 1.6-cm spacing, 
giving a ratio of spacing to conduit diameter of 7-10. Marsh argues 
hat the formula for spacing is d/D=27/2.15 (u,/ p)’, where 
“py 8 viscosity of the upper fluid and Ba is viscosity of the conduit 
fluid with perhaps an order one correction in the coefficient*. Our 
parameter group 27/2.15 (4,/23)'”? is ~20, roughly twice as big, 
but well within the acceptable range given. 


region of partially molten mantle in the Earth will behave in a 
similar manner and will lead to fairly regularly spaced pro- 
~ trusions from which the melt will ascend to form magma cham- 
bers at spreading ridges. 
~The instability is similar to the classical Rayleigh-Taylor 
_ instability in fluid mechanics. It occurs when there is a density 
inversion, that is a layer of heavy fluid over light. Whitehead 
-and Luther’ reported some experiments and theory on this 
‘instability which were relevant when both viscosities were large. 
<0 They found that the ratio of the wavelength of fastest-growing 
-disturbances to the thickness of the unstable layer was large as 
the’ viscosity contrast became large. Thus, a thin layer of rela- 
“tively low-viscosity fluid can be expected to develop very widely 
‘spaced’ protrusions. Marsh* isolated a similar problem, the 
instability of a ribbon-like, or cylindrical (with its axis horizon- 
tal), body of: low-viscosity material. The ribbon-like region was 
produced in the laboratory by allowing black oil or glycerine 
to rise from.a:slit in the bottom of a container of glycerine. 
Marsh suggests that this diapir-genesis occurs under island arcs 
and is the mechanism that leads to the formation of the magma 
chambers for the island-arc volcanoes. Noting the regular 
spacing of magmatic centres across Iceland, Sigurdsson and 
Sparks® suggest that a similar instability exists at the base of 
the lithosphere in Iceland. 
-The suggestion that there is convection at right angles to the 
direction of relative plate movement is not new (see ref. 7). 
However, we suggest that an instability due to density change 
through melting in the mantle beneath the ridge produces 
upwellings. with length scales of the spacing between the mid- 
oints of spreading centre segments. This also implies that axial 
é bers are localized at the midpoints of individual 
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Fig. 2 Viscous asthenosphere rises two-dimensionally beneat 
the boundary between two spreading lithospheric plates. The. 
lithosphere thickens away from the spreading boundary (dashed 
lines). Above a certain level (dotted lines), the rising asthenosphere 
passes through a zone in which partial melt can form which collects 
at some level below the base of the lithosphere. Due to its lower 
viscosity and density, the partial-melt zone develops a gravitational 
instability leading to regularly spaced concentrations of melt which: 
rise to the surface to form crustal magma chambers. The astheno- 
sphere, effectively depleted by this process, must continue to.rise 
viscously and on cooling become lithosphere. The wavelength of: 
the gravitational instability (and the subsequent spacing of sprea 
ing centres or transform zones) should also depend on the width’ 
of the partial melt zone which is expected to be proportio à 

the spreading rate. 


































































Evidence for a partially molten zone beneath the b: 
lithosphere is seen from regional magnetotelluric m 
in Iceland. These measurements indicate an anomal 
ing layer at a depth of 8-15 km beneath the Neovol 
which is interpreted as a partially molten zone near 
the mantle®. This zone may correspond to the partially. 
region we require in the mantle beneath mid-ocean ridges. 

Direct evidence for melt accumulation from a partially molten 
zone beneath the mid-ocean ridges can be seen in plagiocl 
bearing peridotites from oceanic fracture zones. These tocks 
constitute ~30% of dredged abyssal peridotites” and gener 
contain <0.5% interstitial plagioclase which is believed to have 
largely crystallized from trapped melt'®'*. Given the proportior 
of plagioclase in primitive abyssal tholeiite, it represents <1 
trapped melt in the peridotites, although in rare cases, as locall 
along the Romanche Fracture Zone, peridotites from on 
more dredge haul contain an average of =6% plagioclase’ 
corresponding to ~13% trapped melt. This is direct evide 
for local accumulation of melt in the mantle, which we believ 
is the result of a Rayleigh-Taylor instability in the partially 
molten zone and a rapid migration of melt towards the resulting 
protrusions into the overlying mantle. Green and Hibberson’ 
studied the stability of plagioclase in peridotites at high pressures 

and found that it was unstable at pressures >8.5 kbar. Based 
on these phase relations, the zone of melt aggregation represen 
ted by the plagioclase-peridotites must lie at <25km in the 
mantle. 

Abyssal peridotites dredged largely from oceanic fractur 
zones are generally accepted as the residues of mantle melting 
which generated abyssal basalts. Almost 70% of these peridotites 
are plagioclase-free spinel peridotites’. Table 1 compares thei 
average composition with independent estimates of undepleted 
upper mantle composition and a typical primitive abyssal basalt. 
This shows that melting of the upper mantle would rapidly 
deplete the solid residue in those elements which occur in far: 
greater abundance in basalt than in the postulated source rock 
From the relative concentrations of CaO and A!,0; in Table i; 
somewhere between 15 and 20% melt would have to be removed. 
from the postulated parents to produce the observed concentra- 
tions of these oxides in the fracture zone peridotites. 








iking. all abyssal peridotites together gives an average of 
% plagioclase which would correspond to ~1-2% trapped 
. Thus most of the melt which was formed in peridotites 
redged from fracture zones must have been drained off. Most 
these rocks, however, were dredged from regions in fracture 
ones where only peridotites were exposed for areas of hundreds, 
f not thousands, of square kilometres and where little, if any, 
asalt exists. Accordingly, the melts were not emplaced in the 
ame region as their parental peridotites. We propose that melt 
ormed at depth near fracture zones migrates laterally through 
he mantle towards an upwelling beneath the centre of the ridge 
egment rather than that the depleted peridotites were emplaced 
erally into the fracture zone after melting beneath the ridge. 
„Figure 2 summarizes our suggested structure and flow field. 
The asthenosphere rises viscously beneath the spreading centres. 
\bove a cetain level, the rising asthenosphere enters a zone in 
hich partial melt can form. To a first approximation the viscous 
low. of the asthenosphere is two-dimensional with its axis 
arallel to the ridge. Thus the rate of partial melt formation is 
early uniform below the ridge axis. The partially molten zone 
ill have relatively low viscosity and density compared with the 
verlying mantle. The partially molten zone thus develops regu- 
tly spaced protrusions centred beneath individual ridge seg- 
ents. The melt, which can migrate by porous flow, may move 
fore rapidly than the partially molten layer as a whole and 
‘oncentrate at the tops of the rising protrusions. This would 
dead to gravitational separation of melt from the mantle and its 
ascent to form or feed crustal magma chambers. Above the melt 
geregation zone, the depleted asthenosphere must continue to 
se viscously and, on cooling, become lithosphere. 
Young melt concentrations will replenish the older crustal 
gma chambers. New crust is formed by crystallization of 
ibbro along the margins of the magma chambers, by the 
ction of dykes from the magma chambers into the existing 
st, both laterally and vertically along the spreading centre 
es, and by extrusion of pillow basalts and massive flows from 
gma chambers and dykes to the top of the crust. Furthest 
ay from the crustal magma chambers, that is, in the transform 
es between spreading centres, fewer dykes will be injected 
nd accordingly fewer pillow basalts and massive flows will be 
xtruded, thus producing thinner crust. 
_ This model provides an explanation for the regular segmenta- 
n of ocean ridges. Schouten and Klitgord'* postulated that 
1¢ sea floor in the slow-spreading North Atlantic (and in other 
ceans) was formed in a relatively stationary series of spreading 
tre cells separated by transform-fault zones. From Mesozoic 
latine magnetic anomalies (155-108 Myr ago) in the western 
orth Atlantic, they estimate a typical separation between 
reading centre cells of the order of 50 km, similar to the present 
istribution of axial valleys on the Mid-Atlantic Ridge. The 
gnitude of offset between adjacent spreading centres is typi- 
ally <30 km, can change with time, and can even go through 
sro and change sign'’. This is inconsistent with an offset- 
enerating mechanism inferred from the rheology of the plate 
terial alone, as the ridges should lose their ‘memory’ of the 
acture zone at ‘zero offset’. The stability of spreading centre 
ells, then appears independent of offsets between them'* $, 
e model proposed here predicts regular segmentation of ocean 
dges, particularly where no large-offset transforms exist. The 
10del also predicts that the crust at small and zero-offset fracture 
ones should thin, which is consistent with what little is known 
‘om seismic studies of these features’ ™ 7, 
Lateral flow of melt towards regularly- spaced protrusions 
entred beneath individual ridge segments would inhibit flow 
and mixing of melt in the mantle between ridge segments. 
Accordingly, melts erupted at each ridge segment will be derived 
largely from the mantle beneath that segment. This provides a 
simple explanation for the geochemical discontinuities observed 
in ridge basalts across fracture zones (see ref. 20) and strongly 
supports a laterally heterogeneous oceanic mantle. This effect 
is heightened at large-offset fracture zones where old-cold litho- 
sphere, juxtaposed against the rising asthenosphere, depresses 
















barrier to the lateral flow of magmas. We note that our mode 


does not rule out segregation and intrusion of melt to the crust 
from greater depths in the mantle, nor does it rule out ‘the 


occurrence of secondary instabilities in the partially molten layer < 
either near fracture zones or laterally away from the ridge axis. 
We point out, however, that it does predict the presence of 
geochemical discontinuities in ridge basalts even at zero-offset 
fracture zones. 
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Previous estimates of the global organic carbon (C,,,) budget have 
generally considered the anaerobic consumption of C,,, to be of 


minor importance. Data for the rates of bacterial sulphate reduc- . 


tion in various morphological zones of the oceans indicate, however, . 
that approximately 14% of the total C,,, reaching the sediment— 
water interface is consumed by anaerobic processes. Of this, some 
70% is taken up in sediments on the continental shelves and slopes 


in water depths of less than 1,000 m. Although this represents only = 


a small fraction of the global primary carbon productivity, it may 
have important consequences for models of the carbon and sulphur 
cycles. 

There is some controversy over the rate of primary pro- 
ductivity in the world ocean. Values ranging from 20 Gton 
C yr“! (refs 1, 2) to 126 Gton C yr“! (ref. 3) have been reported. 


In view of recent work which questions the validity of the - o 


“C-technique* and considers contributions from picoplank- 
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able t Cog budget for the top 1m section of shelf sediments off 
“Mexico (Station 668, depth 140 m, 23°23'N, 106°56'9W) 





Corg flux 


org 
-Primary production in the region 25gm 7d"! 
; (=0.91 kgm? yr7!) 


n Corg flux to sea floor (15% of primary 











production)’® 0.14 kg m7? yr7! 

‘cig CONSuMption for bacterial sulphate 

reduction at the rate of 55.7 pg S per kg 41.8 pg C per 

sediment per day (ref. 16) kg sediment per day 
us, Cg consumption for anaerobic 22.9¢Cm™@ yr! 








dl acterial ‘sulphate reduction (=229 kg C m™ per 104 yr) 
Residual. Corg (top | m).at 3% Corg and 
60%. water: 

p consumption for aerobic respiration 
“the top: 1m at O, consumption. of 
Omolm’’d"! 
i e th total Cong consumption in the uppermost metre of sediment 
“(229 +18 +1168) = 1,415 kg C m™ per 10° yr. 


18 kg C m7? 












1,168 kg C per m™ per 10* yr 












The rate of sedimentation i is 10 cm kyr! (ref. 24), thus Im is assumed 
‘to have been deposited in 104 yr. The wet density is 1.5 g em™° and this 
therefore equivalent to 1,500 kg m™. 











ton®*, chemo- autotrophic’ and lithotrophic bacteria®, Riley’s’ 
higher. value seems the more realistic. Mineralization in the 
euphotic zone by grazers or chemical! oxidation recycles ~60- 
80% of the particulate organic matter (POM) and, depending 
on water depth, all or none of its will reach the sea floor. 
The POM which ultimately reaches the sediment-water inter- 
face will partly be remineralized in the benthic layer’ or through 
‘the action, of burrowing organisms and microbes. It has been 
27,109 moles O, are consumed daily in marine 
iws POM consumption figures for aerobic 
n sediments to be derived assuming the 







CH;0+0,>CO,+H,0 


‘to be a reasonable approximation. This yields a value for POM 
consumption of 2,308 Gton C yr™! 

«However, anaerobic. processes are also at work in marine 
diments and I have attempted to estimate the anaerobic Corg 
_remineralization in recent-marine sediments. 

One way ‘of calculating the anaerobic remineralization of 
POM is to use the difference in Corg or Norg values between the 
top and bottom sections of piston cores and take the resulting 
decay rate for the two compounds as a measure of anaerobic 
respiration of POM''. This method, however, has great limita- 
ions because evén the top sediment layers retrieved in the core 
material may already contain some biologically inert POM and 
rthermore, rates of sedimentation may vary considerably 
‘between the top and the bottom of the core. 









LETTERS TO NATURE 


Table 2 Estimates of global bacterial sulphate reduction in the uppermost metre of oceanic sediments 








Another approach, which utilizes Corg consumption rate 
based on the reduction of manganese, iron and sulphur co: 
pounds; estimates of respiration are obtained according to 
formula developed by Upsensky and Strakhova'*-'*. In p 
ciple, Corg consumption is related to the generation of certa 
solid phases such as pyrite, but the POM consumed when o 
oxidized species are reduced, is neglected. Strakhov'* was 
first to draw attention to this oversight. He pointed out tha 
additional factors control POM utilization in marine sedime 
such as the release of COOH, CH, or NH3. 

Recent biogeochemical findings suggest that not all H,S gen 
ated by reduction of sulphate will enter a solid phase..Som 
H,S will migrate upwards or become oxidized. Figure | de: 
the relationships between various oxidized and reduced su phur 
species encountered in representative sediment cores from 
Pacific'®'®. Sulphate in interstitial water is highly enriche 
32g, with 8°45 values in the range of +15.6 to +18.8%, compare 
with a 6°*S value of +20% for seawater sulphate. This indic 
that the sub-surface sulphate maximum (Fig. 1) is caused 
the oxidation of isotopically-light metabolic H,S rather tha 
a conservative uptake of seawater sulphate during depositio 
Analysis of all three forms of sulphur, that is gaseous, dissolv: 
and solid, from anaerobic sediments of Limfjord, Denm 
reveals that only 10% of the H-S generated in situ is asso 
with sulphides and disulphides. The remaining 90%. di 
from shallow muds to near bottom water or on oxidation 
becomes part of the general sulphur cycle i in sediments. Fro 
these few but representative examples, it is inferred that reduce 
sediments, especially those generating free H,S reminerali 
more Corg during anaerobic microbial early diagenesis 
would be expected from the amount of pyrite or other sul 
containing minerals that are present. These apparent sh 
ings can be overcome by using radioactive sulphur- 
isotope techniques to trace and quantify Corg rem 
in anoxic sediments'* 

Bacterial sulphate reduction accounts for. 90- 
anaerobic remineralized POM'®”. Thus to estimate 
sumption in conditions of anaerobic diagenesis it is 
to know the rate at which bacterial sulphate is redi 
sediments. Sulphate reduction can briefly be summ: 
follows: 









































































S037 +2C > 8?+2C0, 


(that is | mole S oxidizes 2 moles C) which is a quantitati 
expression of anaerobic remineralization. 

Quantitative data on sulphate reduction in the open sea, 
marine sediments, and that obtained in laboratory conditio 
using radioactive isotope tracer techniques agree very well 
Therefore, it is possible to calculate rates of microbial activ 
for the top metre of modern oceanic sediments and to evalu 
Cosg consumption in conditions of early diagenesis in anoxk 
media'''”'°-?!_ In a few instances, knowledge of sedimentatio 





























Corg 
consumption 
Intensity of sulphate Productivity Flux of for sulphate 
reduction of sulphate È Sus reduction 
Depth Area (ug Skg (mgSkg' reduction (10° tons (10° tons 
~ sGeomorphological zone (m) 10° km? d-') yr) (gSmyr™!) yr’) Cyr’) (%) 
Shelf 0-50 11(2) 55.6 20.3 26.4 79.2 59.5 16 
: 50-200 16(3) 37.3 13.6 17,7 53.1 40.0 H 
Continental slope 200- 1,000 (15) 28.2 10.3 13.4 201.0 151.0 4) 
eo 1,000-3,000 (61) 5.5 2.0 2.6 158.6 119.2 32 
ot of slopes, > 3,000 257 0.97 0.35 = = = — 
epressions, oceanic bed 
ee 360 (81) 491.9 369.7 i 
TST NEE Te Ae N EA AEN NEEE A A E EE PE E NAE AA E E 







cafter refs 16, 18, 20, 21, 25, 26. The figures in parentheses give the areas of biogeochemically active sediments with bacterial sulphate. 


















Fig. 1 Depth distribution (in cm) of dissolved sulphur species in 
re waters of anoxic oceanic sediments. For location of stations 
and further details see ref. 24. 


s and the rate of bacterial sulphate reduction (from *°S tracer 
iques) allows the calculation of Cog budgets. Table 1 
mmarizes the data for shelf sediments off Mexico. In brief, 
1,400 kg Corg per m? per 10° yr enter the marine sediments, 
which <20% are consumed by anaerobic processes. There 
a close correspondence between the estimates of Corg flux to 
e sea floor and the total C, org Consumption during diagenesis. 
Experimental data from about 30 stations are compiled in 
ible 2. This data set covers all critical morphometric zones of 
e world ocean'®'’”"?! and reveals mean global reduction rates 
or the upper 1 m of the surface sediment layer. About 70% of 
total Corg consumed anaestrobically occurs in sediments 
own to water depths of 1,000m. The annual production of 
etabolic H,S per square metre sediment of sediment and Cory 
sumed for this process were calculated from the data on the 
uction intensity. Corg consumption for anaerobic bacterial 
rocesses in diagenesis makes up nearly 14% of the total C 


org 
ving at the world ocean bottom (Table 3). 


Table 3 Global oceanic C,,, budget 










10° tons yr’ % 

one consumption: 
aerobic? 2,308 83 
< anaerobic 376 14 
Corg buried '* 85 3 


otal Corg flux to the bottom 2,763 100 








because not only solid mineral ear ‘but also.a wide va ety : 
of gaseous and soluble metabolic products have been considered 
in the present quantification of anaerobic bacterial processes 
operating in modern marine sediments. : 
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Long tree-ring chronologies provide a unique calendrical record 
that is of value for archaeological dating, climatic and post-glacial 
studies. They also form a standard for the calibration of the 
radiocarbon time scale. The world’s longest. continuous tree-ring: 
chronology is based on the bristlecone pine (Pinus aristata and 
Pinus longaeva) growing in the White Mountains of California’. 
The great age of living and sub-fossil trees of this species enabled 
a continuous tree-ring sequence of 8,681 years to be established, 
providing absolutely dated wood samples for the first radiocarbon 
calibration**. We have now established an unbroken west European 
tree-ring sequence spanning the past 7,272 years: o. 

Figure | shows the areas from which the samples are derived. 
The deciduous oaks (Quercus petraea and Quercus robur) used 
for both the German and Irish. tree-ring’ studies. show several 
marked differences from the bristlecone pines. They all grew at 
low altitude (<200 m in Ireland and <400 m in Germany, com- 
pared with ~3,000.m for the bristlecone pines), with average 
life spans of only 150-250 yr compared with 1,000 yr or more 
for bristlecone pines. Hence, the establishment of this long oak 
chronology required the linking together of a great number of 
tree-ring records is by the process of cross-dating 
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‘Fig. L Map to show the origin of oaks that contributed to the 
» “European oak chronology. Area A (north of Ireland), mostly bog 
oaks; area B (northern Germany), bog oaks and archaeological 

‘timbers; area C, southern Germany, mostly river valley oaks. The 
7 star indicates the site of Swan Carr in eastern England. 





+ The synchronism of sequences of tree-ring widths is deter- 
mined by visual and statistical comparison of the patterns of 
wide and narrow rings. The average growth increment for each 
„year, derived from a number of trees, forms the tree-ring 
- chronology. In both Ireland and Germany, individual ring pat- 
‘terns were cross-dated and merged to form site chronologies. 
“The chronology building process consisted of linking those 
_ internally consistent site chronologies, typically of 500- 1,000 yr 
ngth, to form even longer floating chronologies** . Eventually 
ng e! ronologies were linked to the sequences 
living trees to form an absolute time scale. By 1982, a 
tinuous sequence existed in Germany extending back 4,000 
“yr® (recently extended to 6,000 yr’), and in Ireland there was a 
potential sequence extending back 7,200 yr from the present, 
with only a single gap between 200 and 13 Bc and 13 Bc” 
. There is no theoretical basis for judging the geographical 
distance over which cross-dating will be feasible, so attempts to 
= eross-date the Irish and German sequences were based on pre- 
vious empirical experience. Successful stepwise cross-dating has 
«been achieved in a west-east transect from eastern France to 
eastern Austria'', in a north-south direction from Swiss lake 
dwellings to the south German valleys” "t and up to the 
‘southern coastal area of the Baltic Sea*'*'*. It has also been 
shown that cross-dating is possible from Ireland to Germany by 
stepwise comparison of chronologies from Ireland to England 
“sto Germany'’'®. For example, in the modern era, sections of 
oe English chronology can be dated to the same calendar year 
against both the independent Irish and German chronologies. In 
attempting to establish cross-dating directly between Irish and 
















| 
Fig. 2 Critical links between chronologies | 
from Ireland, England, north and south Ger- | sö 
many over the period AD 500 to 1200 Bc show- $ 
ing the weak link at 550 Bc in the German | 
sequence and at 250 Bc in the Irish sequence. + 


The numbers shown beside the links are t- 


N, Ireland GB2 
ji Sr Carr (England) 


North Germany 









German oak chronologies, one must bearin misd the 
in climatic and ecological conditions. For example, the Irish a 
north German bog oaks had a different hydrological eny 
ment from the river valley oaks of southern Germany an 
the dry land oaks used in archaeological sites. However, in sp 
of these ecological differences and the considerable dis 
involved, the statistical significance and consistency of the cros 
dating is sufficient to ensure that both chronologies:are | 
synchronized. 
Reliable cross-dating between the north of ireland and or 
ern Germany for the second millennium BC was estab ished 
early 1982 and appeared to place a long floating section of 
chronology into.the exact time span 5218-158 Bc. Howey 
mid-1982, work on timbers from the Roman site at Car 
northern England and from Iron Age sites at Navan a 
in Northern Ireland had established a tentative lin 
the absolute chronologies of the AD era and the you 
the Irish sub-fossil chronology. This specified the end 
the floating Irish sequence as 229 BC instead o 
suggested by the link with German chronologii 
pointed out that the dating of the entire German chro 
complex earlier than 550.BC was dependent : on timbers fr 
single site, Kirnsulzbach, dated by Hollstein!?. The chro: 
from this site, which has ‘had its- own dendrochr 
problems”, seems to have been incorrectly placed. 
agreed that the German sequence must be broken 
the chronology before 550 BC moved back by 71 y 
has been done, consistent cross-dating.can be de 
between Ireland and Germany at all time period 
3000 Bc. 
A closer look at the critical links  withi 
chronologies reveals that within the corr 
chronology there is an overlap of only 33 yr (546-5 
in the south German master chronology an overlap 
(546-540 BC). Such overlaps could in themselves 
as significant links: The weakest link in ‘th 
250 Bc. Here the long floating sequence is linke 
chronology by the Navan-Dorsey series, with 
and 133 yr, respectively. Thus, only by repl catio 
chronologies from the three areas of Ireland, north 
and south Germany, can ‘final proof of the entire 
chronology be provided: K 
After the German chronology had been broken at.550 B 
the older section moved back by 71 yr, three analyses. 
carried out to test the replication between the Irish: an 
corrected German chronologies. The first used the t-test”! 
all the critical overlaps between north Germany and Ir 
(Fig. 2). The t-test applied here is a rather crude routi 
widely accepted as a valuable aid in cross-dating rath 
rigorous statistical test'’. In this program, the corr lat 
coefficient is calculated on the logs of high-pass filtered 
and t calculated from this.. The values of t cannot be conve 
to probabilities because allowance is not-made for auto |: 
tion. The significance of the test in the present study is tha 






















































zx- values calculated according to Baillie and Pil- 
`- cher”. The unpublished Southwark chronology 

¿owas provided by Dr I. Tyers. The West German 
ce chronology is from Hollstein'? 





























































Yorsey and Southwark), the t-value quoted is the highest 
r all possible positions of overlap of the two series. The 
st should be seen as complementing the visual cross-dating. 

addition to the t-test, the percentage of parallel variation, 
 (Gleichlaeufigkeits value”), provides a powerful test of 
chrony when used on long time series. This simple non- 
ametric test derives the first differences of the two series and 

determines what percentage of the total common years of 
the two series has the same sign. A test of the south German 
chronology against the Irish chronology over a total of 4,700 yr 
gave a GL% of 54.0%, significant at the 99.99% level. If the 
1,582 signature years in the south German chronology are tested 
nst the same years in the Irish sequence, the GL% rises to 
%, again significant at the 99.99% level. The Irish sequence 
the three north German sequences give GL% values of 57.0, 
56.8 and 55.6%, all significant at the 99.99% level. 

A third confirmatory test was carried out between the Irish 
ind the north and south German chronologies. The long 
hronologies were split into 400-yr sub-periods, each staggered 
00.yr, and tested using the GL% test. Consistent values (all 
gnificant at least at the 95% level, many at 99.99%) were 
lined over the entire period from 2000 BC to AD 500. As 
these correlations are maintained across the weak links at 550 BC 
nd 250 Bc, it is possible to claim that a fully replicated 

iropean chronology complex exists back to the third millen- 
ium BC. The Irish chronology is continuous and internally 
‘eplicated back to 5289 BC. 
` Having established on tree-ring grounds that the German 
hronologies before 550 BC must be moved back by 71 yr, the 
served discrepancy between the radiocarbon measurements 
stlecone pine and German oak, found to be between 69 
d 72 yr’, can now be explained. The construction of over 
00 yr of European tree-ring chronology means that all of the 
carbon calibration measurements on European oak are 
anchored to a calendrical time scale and can be compared 
ctly with measurements on bristlecone pine. The high pre- 
ion. results reported by the Belfast laboratory in 1983 used 

time scale**’®. The other implications of the completion of 
ch long sequences of tree rings have yet to be assessed. An 
sing number of archaeological sites, particularly in central 
¿can now be given definitive calendrical dates? tt, 
nsion of the European chronology further into the early 
-glacial is currently under investigation, and there is a possi- 
ility of further replication using another German oak 
ology established at the Gottingen laboratory”. The long 
ring. sequences clearly have potential for long-term 
eoclimatic studies not only by palaeoecological’’ and 
matological**”? interpretation of their growth patterns, but 
) by their use for radiocarbon” and stable isotope studies?’ 
We thank the Science and Engineering Research Council for 
pport of the British Isles tree-ring work. 
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Diuretic and smooth muscle-relaxing peptides, designated atrial 
natriuretic peptides (ANPs), have been identified in human’ and 
rat*° atrial tissues and implicated in the control of fluid volume 
and vascular function'™'?, Recently, cDNAs encoding the human? 
and rat'*-'* ANP precursors have been sequenced. We previously 
isolated from human tissue a natriuretic peptide of molecular 
weight (MW) 13,000 (y-hANP) comprising 126 amino acid 
residues, the largest natriuretic peptide so far identified, and 
showed that it is directly derived from the 151-residue human ANP 
precursor by the removal of a signal peptide”. We now report the 
isolation and sequence analysis of a novel rat atrial natriuretic 
peptide (y-rANP) of MW 13,000, which derives from the rat ANP 
precursor. We also report the molecular cloning and nucleotide 
sequence analysis of the cDNA of the 152-residue rat ANP precur- 
sor, which is remarkably similar to the human 151-residue precur- 
sor (pre-hANP) except at the C-terminus, Differences in the rat 
and human precursor nucleotide sequences around the termination 
codons lead to a difference in processing pattern. 

y- TANP was purified from a side fraction isolated pre- 
viously*” using an assay for relaxant activity in chick rectum??. 
Early in the purification procedure, the y-component of MW 
13,000 was separated from other lower-molecular weight com- 
ponents on the basis of its weaker basicity by batchwise 
chromatography on SP-Sephadex C-25 of rat atrial extracts®’. 
Gel filtration of the y-component on Sephadex G-75 yielded 
crude y-rANP as a major peak of rectum-relaxing activity eluting 
in fractions 41-47, corresponding to a molecular weight of 
~ 13,000 (Fig. la). Subsequent reverse-phase HPLC yielded 
purified y-rANP, a [26-amino acid peptide with similar but less 
potent natriuretic activity than lower-molecular weight a-rANP*® 
and $-rANP*. The yield from 258 rat atria (52.5 g), estimated 
from amino acid analysis, was 115 nmol which is surprisingly 
higher than those of smaller rANPs*° (~1-2 nmol each in the 
present purification), indicating that y-rANP is the major 
natriuretic peptide in rat atria. 

Sequence analyses of the disulphide-linked y-rANP were 
performed after converting to the reduced and S-carboxymethy- 
lated (RCM-) derivative. Direct Edman: degradation of the 
purified RCM-y-rANP identified the N-terminal sequence (1- 
41, Fig. 2). The C-terminal sequence of the RCM-y-rANP, 
verified by carboxypeptidase digestion'*°, was Ser-Phe-Arg- ` 
Tyr, which is identical to those of the rANPs so far identified, 


































Fig. 1..-a, Gel filtration of fraction SP-II, derived from rat atrial 
extracts on a calibrated column of Sephadex G-75 (1.8 x135 cm; 
“flow rate 10mi h`; eluent, 1 M AcOH; fraction size, 5 mi per 
tube). Relative relaxant activity in chick rectum is indicated by 
black bars. b, Reverse-phase HPLC of purified y-rANP 
“(1.25 nmol). Column: TSK LS-410 ODS SIL (4x250 mm; Toyo- 
Soda). Solvent system: linear gradient elution from (A) to (B) for 
80-min; flow rate 1ml mint; H,O/CH,CN/10% trifluoroacetic 
acid (TFA) = 90:10:1 (A) and 40:60:1 (B) (v/v). c Reverse-phase 
“APLC of tryptic digests derived from RCM-y-rANP (2.5 nmol). 
-°:For trypsinization conditions see Fig. 2 legend. Column: Chem- 
-»eosorb 3 ODS-H (4.675 mm; Chemco). Solvent system: linear 
-gradient elution from (A) to (B) for 60 min; flow rate | ml min”; 
-H,O/CH,CN/10% TFA=100:0:1 (A) and 40:60:1 (B) (v/v). 
-i Tryptic peptides, designated as T, are numbered sequentially in 
‘the order in which they occur in y-rANP (see Fig. 2). T1’ is identical 
to Tl, except that Met residue is oxidized. 
hods: The starting material used was a side fraction, referred 
- to as the y-component of rectum activity corresponding to MW ~ 
13,000, which was obtained in our previous purification of a- and 
B-rANP*’. Rat atrial tissue ($2.5 g) was extracted from 258 rats 
d treated as described previously“? to collect the fraction corre- 
sponding to MW <15,000. After lyophilization, dry material was 
issolved in 1 M AcOH, then subjected to batchwise chromatogra- 
phy on SP-Sephadex C-25 (H*-form), pre-equilibrated with 1 M 
. ACOH. Successive elutions with LM AcOH, 2 M pyridine and2 M 
pyridine~AcOH(pH 5.0) yielded three fractions: SP-I, SP-I1 and 
SP-III. The y-component was eluted in fraction SP-II, while the 
a- and 8-components eluted in fraction SP-III. SP-II obtained in 
this manner was the starting material for purification of y-rANP. 
Gel filtration of SP-II was performed on a column of Sephadex 
G-75, An aliquot from each fraction was bioassayed for relaxant 
’ -activity in chick rectum (a). Fractions 41-47 eliciting the rectum 
"activity were subjected to preparative HPLC on a reverse-phase 
column of TSK LS-410 ODS SIL (8.0 x 250 mm; ToyoSoda) and 
| techromatographed. The purity of y-rANP obtained in this manner 
was checked by further reverse-phase HPLC (b). Bioassay was 
performed as follows. Chick rectum relaxant activity of the sample 
as assayed at 37°C as described elsewhere''?, using strips of 
freshly isolated. chick rectum. Muscle tone was induced in the 
ctum strips by adding 2 x 107" M carbamyl choline. Natriuretic 
and diuretic activities after injection into rats were assayed else- 
where':''. Three observations were made for each dose. 
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Fig. 2- Complete amino acid sequence of y-rANP. Sequence analyses were performed with RCM-y-rANP and a series of tryptic peptide 
fragments. (designated as T). S-carboxymethylation of y-rANP was achieved by reduction with 50 mM dithiothreitol (DTT) in 0.5 M Tr 

buffer (pH 8.5) for 4h at 37°C, followed by reaction with 100mM _iodoacetate for 5 min.. The resulting RCM-y-rANP was purified 
reverse-phase HPLC. Carboxy-terminal analysis of RCM-y-rANP (1.0 nmol) was performed by successive digestion with carboxyp 
A and B (100'ng each; Sigma) in a buffer of 0.2M N-ethylmorpholine acetate (pH 8.0) at 37°C. Amino acids released at appropri 
intervals were analysed at the picomole level with a pre-fluorescence labelling analysis system (Waters)®°, RCM-y-rANP (2 nmol). w: 
digested with 2 pg of trypsin (tosylphenylethylchloromethyl ketone-treated; Worthington) in 25 jl of 1% ammonium bicarbonate (pH 8.0) a 
37°C for 3h. Tryptic peptides were separated by reverse-phase HPLC (Fig. 1c). Sequence. analyses of RCM-yrANP and its tryptic peptides 
were performed by stepwise Edman degradation, using a gas-phase automated sequencer (Applied Biosystems 470A), coupled with HPLC 

identification of the resulting PTH-amino acids. ae 


implying that y-rANP represents an N-terminally elongated 
form of the known rANPs. 
__ Further structural information was provided by analysing 
__ tryptic peptides derived from RCM-y-rANP, which were separ- 
ated by reverse-phase HPLC (Fig. ic). Overlapping of the 
_ sequences ‘of tryptic peptides with the N-terminal (1-41) 
ience determined above and the known sequences of 73- 
‘48-residue® rANPs. made it possible to establish 
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unambiguously the complete amino acid sequence of y-rAN 
(Fig. 2). 

We have also cloned and sequenced cDNAs encoding 
rANP, as described in Fig. 3 legend. Briefly, the hANP cDNA 
insert which we had previously isolated and analysed was P 
labelled by nick-translation.and used as a probe for screenin; 
a cDNA library constructed from atrial poly(A)” RNA of W 
Kyoto rats. The nucleotide sequence of plasmid prA 
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ig. 3. Sequencing strategy for the cDNA insert of prANP10. The 
triction map shows only those restriction sites relevant to the 
present work; they are identified by numbers indicating the 5’- 
terminal nucleotides Sencrated by cleavage. [], Sequence corre- 
‘sponding to coding region; & , coding region for putative signal 
eptide. Nucleotides are numbered as in Fig. 4. The direction and 
extent of sequence determination are shown by arrows (>, upper 
strand; --->, lower strand). The sites of 5’ end-labelling are indicated 
by the short vertical lines at the ends of arrows. Slash marks mean 
hat 5’ end-labelling was done on the site located on the vector 
DNA, Vertical dotted lines mean that the transcription primed by 
ẹ general primers was started from the sites located on the pUC8 
lasmid. 
ethods: A cDNA library was constructed by the method of 
Okayama and Berg” from 4.2 pg of the vector-primer and 20 pg 
poly(A)” RNA isolated from 100 atria of Wistar Kyoto rats as 
orè.. Approximately 10,000 transformants of Escherichia coli 
‘A802 were obtained from ~ 1.7 peg of the original poly(A)* RNA; 
were screened by hybridization” with “P-labelled probe at 
-for 16 h, The probe was prepared from a 463-bp EcoRI- Pst! 
ment of the cDNA insert of phANP82 which had been cloned 
a library of cDNA of human atrial total poly(A)* RNA as 
ribed previously’. Positive clones were submitted to cleared 
e analysis’, and we confirmed that the three clones 


-TANP coding sequence by hybridizing with tetradecamer 
als (oligo I and I), representing all possible complementary 
‘quences corresponding to a~-hANP(12~16), which were used to 
robe cloned cDNA encoding the human precursor’. The plasmid 
tA NP10-was used for further sequencing as described previously’: 
-Maxam-Gilbert method’; b, method of Sanger et al’, after 
loning three fragments of the insert ( Pstl- HinclI~ Pst] and Pst- 
H, generated by digestion with PstI and Poull endonucleases) 
into plasmid pUC8. (The Okayama- Berg primer-vector carries Pst] 
and Poul sites.) 


hel ngest insert (782 base pairs (bp), excluding the poly(A) 
nce); was found to contain the entire coding sequence for 

P (Fig..4). The N-terminal 24 amino acids of the rat ANP 
irs -(pre-rANP), share characteristic features with the 
| sequences generally found in presecretory proteins'*'’, 
many hydrophobic amino acids, indeed residues $10-S19 
hydrophobic, forming a hydrophobic core'*. The apparent 
vage site for signal peptidase is after residue 24, alanine, 
h often occurs before cleavage sites for other signal pep- 
2 The sequence encoding y-rANP of 126 amino acid 
si O immediately follows the putative signal peptide 
quence and ends at residue 150, a tyrosine (amino acid 126), 
hich is-connected to the extra C- terminal Arg-Arg sequence. 
ote that in pre-hANP, translational termination occurs just 
fter the last residue, a tyrosine. Interestingly, 15 nucleotides 
lownstream, the codon for the C-terminal tyrosine of pre-hANP 
position 126) is identical to that of pre-rANP, except for a 
‘single base replacement at the first nucleotide, which converts 
the termination codon TGA in pre-hANP to the codon for Arg 
in -pre-rANP. Thus, translation of pre-rANP continues two 
amino acid residues beyond Tyr 126 and ends ‘at the other 
termination triplet, TAA. The absence from rat atrial extracts 
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Fig. 4 Nucleotide and deduced amino acid sequences of the 
cDNA for pre-rANP, compared with those of pre-hANP cDNA?. 
The nucleotide sequence of prANP10 was determined as described 
in Fig. 3. legend; the predicted amino acid sequence is shown under 
the nucleotide sequence. The nucleotide and amino acid sequences 
of the pre-hANP cDNA? are shown above those of the pre-rANP 
cDNA for comparison, Nucleotide residues are numbered (Roman 
type) in the 5’ to 3’ direction, beginning with the first residue of 
the ATG triplet encoding the initiating methionine. Nucleotides 
5’ of residue | are indicated by negative numbers. Amino acids 
are numbered in italics starting from the initiating methionine and 
the N-terminal residues of y-ANPs; S before the number denotes 
the putative signal sequence. Sequences are aligned to give 
maximum homology with the introduction of minimal deletions. 
Deletions are indicated by short horizontal lines on a one-to-one 
basis. Identical amino acids and the triplets encoding them are 
boxed; identical nucleotides are marked by +. Asterisks above or 
below nucleotides of untranslated regions are marker nucleotides. 
The broken line at the top indicates a sequence which has no 
thymidylate residues; horizontal arrows indicate direct repeats. 
Vertical arrows labelled with Greek letters indicate cutting sites 
used to generate the respective ANP subclasses. AATAAA sequen- 
ces are underlined. Poly(A) stretches and their approximate chain 
lengths are shown by (A) and suffixes. 


of the peptides that terminate in the Arg-Arg sequence suggests 
that the C-terminal Arg-Arg is removed from the 152-residue 
precursor at an earlier stage after synthesis to produce y-rANP 
of 126 amino acids, The difference is not due to an error during 
reverse transcription because the insert of another plasmid 
(prANP12), which is shorter than that of prANP10, was found 
to have the same sequence. 

The human ANP precursor contains no glycosylation sites’ 
In contrast, the rat precursor contains the tripeptide sequence 
Asn-Pro-Ser, which is regarded as a possible glycosylation site, 
at positions 63-65 (Fig. 2). However, no glycosylation at Asn 
63 was detected in y-rANP. 

There is remarkable homology between the human and rat 
y-ANPs in both the nucleotide (85.2% yand amino acid (86.5% ) 
sequences. The amino acid sequences of the putative signal 
peptides are only 52% homologous, while nucleotide sequence 
homology is 70.7% if the precursor sequences: shown in Fig. 4 
are aligned to allow maximum homology. The 5’: and 3'-untrans- 
lated regions are very similar. The eight nucleotides upstream 
of the initiator codons are identical, including the A in position 
~3 (ref. 20), and the 15 residues downstream from the codons 
for tyrosine 126 are the same except for the one base as discussed 
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above. The pre-rANP cDNA sequence has two AATAAA 
“=gequences, which precede poly(A) addition sites in many 

eukaryotic mRNAs”, 4 nucleotides apart, whereas the pre- 
hANP sequence has only one, in the long sequence shared by 
both precursors. The poly(A) stretch starts immediately after 
| this sequence in the case of pre-rANP, and 5 nucleotides after 
in the case of pre-hANP. In the 5’-noncoding region of the 
“pre-hANP cDNA insert, GGAACCAGAG sequences are 
~-tepeated only one nucleotide apart in a long thymidylate-minus 
~~ sequence. AACCAGAG is also present in pre-rANP cDNA at 
~ similar sites, but whether it is repeated or not is unclear because 
of the apparent incomplete reverse transcription of the mRNA. 
Despite the remarkable structural similarities between the 
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human and rat ANP precursors, their processing is striki 
different. In the human, only three distinct ANPs, a- 
residues), B- (56 residues) and y-hANP (126 residues), ha’ 
been identified'~*. In rat atrial tissue, however, a variety of loi 

and intermediate-size natriuretic polypeptides (73, 48, 35, 33, 
32, 31, 28, 25, 23 and 21 amino acids long) varying in the leng 

of N-terminal extension, has been identified*’, although in very 
low yields. The difference in processing patterns may be a result 
of the amino acid differences between the rat and human 
ANPs, which may change their conformation and therefore th 
susceptibility to the proteolytic enzymes, or, more likely, a re 
of a difference in the enzymatic systems responsible: for 
processing. 
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The regional distribution of opioid receptors in the mammalian 
`: central nervous system has been extensively studied by light micro- 
__ scopic autoradiography’. Little is known, however, about the fine 
_ structural localization of these receptor sites apart from the fact 
"that they are present in both synaptosomal and smooth microsomal 

subcellular fractions of whole brain homogenates**. Previously”, 
< using the Met-enkephalin analogue FK 33-824 (Sandoz), we 
_ determined that brain opioid binding sites could be visualized by 

-electron microscopic autoradiography. We now report on the ultra- 
structural distribution of these sites in the caudate-putamen of 
the rat. The vast majority of specifically labelled opioid binding 
- sites were found to be associated with axo-dendritic (53%), axo- 
a axonic (18%) or axo-somatic (3%) neuronal membrane interfaces. 

Only 7%, however, were associated with synaptic junctions. These 

results suggest that opioids act primarily at non-junctional inter- 

faces on the dendrites, axons and soma of neurones in the neo- 
striatum. 
Opioid binding sites in rat brain were labelled in vitro, using 
the monoiodinated opioid pentapeptide agonist FK 33-824 ('7°I- 
FK)® (see Fig. | legend). Film autoradiographs from ‘sections 
incubated with '771-FK alone revealed a patch-like distribution 
of bound ligand molecules similar to that previously reported 
for opioid receptors in rat neostriatum'®'! (total binding; Fig. 
la). In contrast, sections incubated in the presence of luM 
naloxone showed sparse and homogeneous labelling (non- 
specific binding; Fig. 1b). Both radioactivity measurements and 
_ grain counts performed in light microscopic autoradiographs 

yielded ratios of specific over total binding of the order of 80%. 
Jn electron microscope autoradiographs from sections incu- 
bated with '°I-FK alone, most of the silver grains (65.3%) were 


















address: Laboratoires d'Etudes et de Recherches Synthelabo, 31, avenue Pv. 
2220, France. 











































found by 50% probability circle analysis'*’? to be associat 
with two or more juxtaposed neuronal elements. Radio 

sources were ascribed by ‘line source’ analysis™ to the appos 
plasma membranes (70% of the grains within one half di 
of the membranes in a sample of 100 shared grains). 
because of limitations inherent to the autoradiogra 
nique, it was not possible to determine whether radi 
sources were linked to a particular apposed membrane. 
cell surface rather than to internal membrane compo 
sections incubated in the presence of 14M naloxone, 
grains were found predominantly over single neuronal struct 
and their overall distribution was significantly different fr 
that of total binding, The ultrastructural distribution of spe 
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Table 1 Ultrastructural distribution of real and hypothetical grains 
autoradiographs from '5]-FK-labelled striatal sections 





Included within a 50% Real (specific) 


probability circle (%) 
Single structures 
Nerve cell bodies 13.1 £1.4 
Axon terminals 1.5+0.5 
Dendrites. 5.9431 
Apposed structures 
Axon/ dendrite: 
Non-junctional 45.8 43.7 
Junctional 7TA+05 
Axon/axon 17.6413 
Axon/soma 3.2411 
Dendrite/ dendrite 1.9+0.5 
Others 3.9408 
No. of grains counted 1,961 


masanne 

The distribution of specifically bound '*I-FK molecules (real grains) 
was derived from grain counts performed in sections incubated with 
257 EK alone. Values were corrected for nonspecific binding according 
to the distribution of silver grains in sections incubated in the presence 
of I pM naloxone. The data are expressed as the mean +s.¢.m. of five 
different experiments, Silver grains were ascribed to underlyirig cell ar 
constituents using a 50% probability circle (diameter =3.4x half dist- 
ance (HD); KD=90nm)", The uniform distribution pattern 
{hypothetical grains} was generated by means of a transparent overl 
displaying a regular array of resolution circles. A x? analysis showed 
the two distributions to be significantly different with P <0.005. 
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Fig. 1 Film autoradiographs of 75 m-thick pre-fixed, vibratome-cut 
sections from rat neostriatum incubated with I nM '**I-FK in the 
absence (total binding, @) or the presence (nonspecific binding, b) of 
l uM naloxone, fixed in glutaraldehyde, post-fixed in OsO, and dehy- 
A drated in ethanols. The distribution of total binding (a) conforms with 
k that previously reported for opioid binding sites within the same 
region'®!!, Note the patches of high labelling density in the caudate- 
putamen (CP) as well as the moderate to strong reactivity of the nucleus 
accumbens (A) and of the deeper half of layer VI in the cingulate cortex 
(CC). Nonspecific labelling in the same area (b) appears weak and 
homogeneous by comparison. x7. 

Methods: Adult male Sprague-Dawley rats (150-200 g) were anaes- 
thetized with pentobarbital and perfused for 15-20 min through the 
ascending aorta with ice-cold 0.1 M phosphate buffer containing 1% 
tannic acid, 0.75% paraformaldehyde and 0.1% glutaraldehyde. The 
brains were rapidly removed and serial 70-75 m-thick sections of the t 
caudoputamen were cut in ice-cold 0.12 M phosphate buffer using a b od 
vibrating microtome (Vibratome; Oxford Co.). These sections were 

incubated with 1 nM monoiodinated '**I-FK 33-824 (100-150 Ci mmol™') in 0.05 M Tris-HCI containing 0.25 M sucrose pH 7.4, for 30 min 
at room temperature. The labelled sections were then rinsed twice in cold buffer, fixed with 4% glutaraldehyde, post-fixed in 2% osmium 
tetroxide and dehydrated in ethanols. This fixation/dehydration sequence was shown to ensure regionally proportional retention of >50% of 
the bound radioactivity". After dehydration, the sections were placed in a y counter for determination of the bound radioactivity and either 
autoradiographed whole using LKB Ultrofilm or flat-embedded in Epon for light and electron microscopic autoradiography. To assess the 
proportion and distribution of nonspecific binding, some of the sections were incubated with '**I-FK as above, but in the presence of | yM 
naloxone or non-radioactive FK. Specific binding was defined as the difference between total and nonspecific binding. Projection of film 
autoradiographs over camera lucida drawings of adjacent Epon-embedded sections allowed precise sampling of receptor-dense areas for 
high-resolution studies, For light microscopic autoradiography, semi-thin (1 m-thick) sections were taken from the surface of each block and 
coated by dipping into Kodak NTB-2 nuclear emulsion. For electron microscopic autoradiography, silver-gold sections were cut from the 
same blocks, collected on parlodion-subbed slides, double-stained with uranyl acetate and lead citrate, sprayed with carbon and coated with 
Ilford L-4 emulsion diluted 1:4. 


NATURE VOL. 312 8 NOVEMBER 1984 








j 
+ 
Pe 
p 





ee a aaa a ar a ee he Aiat 





cally bound '**I-FK was in turn significantly different from that 
of uniformly distributed hypothetical grains (Table 1). 
Fifty-three per cent of silver grains corresponding to specifi- 
cally bound '**I-FK molecules were associated with axo-den- 
dritic interfaces (Table 1). Such interfaces were characterized by 
a close apposition of axonal and dendritic membranes without 


_ intervening glial processes (Fig. 2a, b). Axonal elements corre- 


sponded in most instances to small varicosities (0.75 4m in mean 
diameter) containing numerous small, round, electronlucent 


vesicles (Fig. 2a, b) and occasional large granular vesicles. Their 


dendritic counterparts were mainly shafts of medium to small 
calibre (Fig. 2a, b), but also comprised proximal trunks and 
spines. In most instances (45.8% of grains counted; Table 1), 
no synaptic differentiation was present within the resolution 
circle (Fig. 2a). The few labelled contacts exhibiting well defined 


_ junctional complexes (7.1% of grains counted; Table 1, Fig. 


2b) were mostly asymmetrical and were generally established 
on dendritic spines. Labelled symmetrical junctions were rare 


and found solely on dendritic shafts. Several dendritic profiles 
were labelled at different loci along the plasma membrane (Fig. 
2b), suggesting that the receptors might be localized on the 
dendrites themselves rather than on the adjoining axons. 
Axo-axonic appositions accounted for the second largest 
source of specifically labelled '*°I-FK binding sites (Table 1). 
Such appositions included either two axon terminals or one 
axon terminal and one or more axons. Although a streaming of 
synaptic vesicles towards the axonal interface was occasionally 
visible in one of the terminals involved, synaptic differentiations 
were never observed at the site of contact. One of the terminals, 
however, was often in synaptic contact with a dendritic profile, 
generally a dendritic spine (Fig. 2c). Previous studies have 
indicated that selective lesioning of nigrostriatal dopaminergic 
fibres results in a significant decrease in the number of opioid 
receptors in rat caudoputamen, suggesting that many of these 
receptors might be localized on dopamine terminals'*-'*. The 
axo-axonic binding sites visualized in the present study may 





Fig. 2 Electron microscopic autoradiographs from sections incubated with 1 nM '*°I-FK alone, The radioactivity is detected in the form of 
individual silver grains which were ascribed to underlying cellular constituents by means of 50% probability circles (see Table 1). In all cases 
illustrated here, the 50% probability circle encompasses two neuronal structures and the apposition of their respective plasma membranes. a, 
These two silver grains are associated with a non-junctional axo-dendritic interface involving a small axon terminal filled with numerous small 
clear synaptic vesicles. x21,000. b, The two silver grains on the left are associated with an asymmetrical axo-dendritic synaptic junction. A 
third silver grain on the right overlies the plasma membrane of the receiving dendrite. x19,000. c, This silver grain is localized at the interface 
of two axon terminals. Note the absence of synaptic specialization at the site of apposition. The synapse established on a dendritic spine by 
one of the terminals involved was not included within the resolution circle. x26,000. Development, D-19; exposure time, 10 weeks. 
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spond to some of these postulated axonal receptors and 
could thus mediate, at least in part, the demonstrated effects of 
opioids on the striatal release of dopamine'””®. 
Finally, some of the labelled binding sites were associated 
with axo-somatic appositions (Table 1). Occasionally, a sym- 
metrical synaptic differentiation was present at the site of contact 
‘between the axon terminal and the cytoplasmic membrane of 
the cell. Most of the nerve cells involved were of medium size 
(12-22 um in diameter), with a large nucleus showing very little 
or no indentations and a small rim of surrounding cytoplasm 
containing very few organelles. These neurones were classified 
as spiny type 1 neurones, based on cytoarchitectonic analyses 
‘of rat neostriatum?! ”?. 

~ Taken together, the present results strongly suggest that 
FK-labelled opioid receptors are primarily involved in the medi- 
ation or modulation of axo-dendritic, axo-axonic and, to a lesser 
‘extent, axo-somatic neural transmission in the rat neostriatum. 
Th , identity and site of release of the endogenous ligand(s) 

cting on these receptors remain to be determined. '*°I-FK labels 
h u and 6 opioid receptors”, for which enkephalins have 
proposedas natural endogenous ligands. Enkephalins could 
released by terminals that either possess or are immediately 
adjacent to '?°I-FK binding sites, as suggested by the similarity, 
with respect to size, cytological features and synaptic relation- 
ships, between the terminals labelled in the present study and 
‘enkephalin-containing terminals previously identified in rat 
neostriatum by immunocytochemistry*"". Enkephalins could 
also be released at a distance from the labelled binding sites 
and diffuse in tissue to act on a relatively widespread population 
of receptors; this would account for the apparent lack of correla- 
tion between the distribution of enkephalin terminals and opioid 
receptors in rat striatum (see ref. 28). In any event, endogenous 
as well as exogenous opioids are likely to act primarily on 
differentiated membrane targets in rat caudate-putamen. 
Indeed, a major finding of the present study is that only a small 
yortion of the labelled binding sites was actually associated 
synaptic junctions, This is in contrast to a- 
-bungarotoxin”*', muscarinic”? and benzodiazepine’ binding 
“sites visualized by electron microscopy or horseradish peroxi- 
dase conjugation in rat central nervous system, for all of these 
have been found to be predominantly, although by no means 
exclusively, associated with synaptic contacts. That inter- 
neuronal communication can occur in the absence of membrane 
specialization has already been postulated for monoaminer- 

gic?" and peptidergic’? neurotransmission in the central and 
iBetipheral nervous systems. Correlative biochemical aes 
‘immunohistochemical data? have indicated that opioids, i 
‘particular, may act non-synaptically in rat neostriatum, ional 
horn of the spinal cord and spinal trigeminal nerve. The non- 
junctional receptors visualized in the present study provide the 
first direct evidence for such a mode of action. 
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In the mouse there are hybrid determinants for the immune regio 
(Ir) of the genome which contribute to the diversity of class II (I: 
antigens of the major histocompatibility complex (MHC) and, 
provide a molecular basis for Ir gene complementation’, In man, 
two prominent families of Ia molecule, HLA-DR and HLA-DC (or. 
DS)**, have been identified which are respectively homologous ò 
the murine I-E (En, Eg) and I-A (Aa, Ag) antigens”; Whereas 
DR antigens consist of a constant a-chain and an: extremely 
polymorphic B-chain®, both the œ and £ subunits of DC antigens 
are structurally variable when different alleles are compared”! 
The marked differences in the structure of the a- and B-chains of 
HLA-DC molecules result in electrophoretic variants which allow 
the haplotype of origin of each subunit to be identified by two- 
dimensional gel electrophoresis. We report here that gene trans 
complementation occurs in cells heterozygous for the HLA-D 
region, resulting in the expression of hybrid HLA-DC molecule: 
in addition to the parental forms. Generation of new HLA-D region 
hybrid molecules contributes to the qualitative diversity of human 
MHC class II antigens and has important functional implications 
in immune regulation. 

HLA-DC molecules radiolabelled with *°S-methionine were 
isolated by indirect immunoprecipitation from detergent- 
solubilized membranes of three cell lines—SC-CA (DRI 
homozygous), GM3163 (DR7 homozygous) and LES 
(DRI/DR7 heterozygous Epstein-Barr virus-transformed)-— 
and a set of monoclonal antibodies previously reported to rec- 
ognize HLA-DR and/or HLA-DC determinants was used to | 
isolate and characterize the different HLA-DR and HLA-DC. 
molecules present in the cell lines. Monoclonal antibody Genox 
3.53 (ref. 11) recognizes the DCI antigen’? expressed on DRI-2- 
or W6-positive cells. As reported previously, the N-terminal 
amino acid sequence of the DCI molecule isolated using this 
antibody is homologous to those of the murine I-A antigens for 






































Fig. 1 Comparative IEF two-dimensional PAGE profiles of the 
DC a@-chains from SC-CA (DRI/DR!), GM 3163 (DR7/DR7) 
and LES (DRI/DR7) cell lines. a, The DC! a@-chain isolated from 
‘a SC-CA using the Genox 3.53 (anti-DC1) monoclonal antibody. 
. ‘A’ indicates the position of actin (43,000 molecular weight). b, 
“i The DCI a-chain from LES immunoprecipitated with Genox 3.53. 
c, The DC7 a-chain from GM 3163 DR” immunoprecipitated with 
8G 171 or SG 520 is slightly higher and more basic. d Illustrates 
the ability of SG 171 to immunoprecipitate DC7 plus DC! a-chains 
“in LES DR™. The above pattern is identical to that obtained by 
mixing the DC1 @-chain from SC-CA and the DC7 a-chain from 
GM 3163 (panel e). f, Schematic representation of the DCI a(Q) 
and DC7 a@(@) chains IEF20 PAGE patterns. 

` Methods: Cells were grown in RPMI 1640 supplemented with 10% 
‘fetal calf serum and labelled with *°S-methionine in methionine- 
"free medium as described in detail elsewhere’. The membranes 
were extracted with 0.5% Nonidet P-40 (NP40). The 
immunoprecipitated samples were separated by IEF two- 
‘dimensional PAGE. The ampholine mixture used in [EF consisted 
“OF pH 3.5 ampholine (0.5%) and pH 5-7 ampholine (1.5%). The 
second dimension was a 10% polyacrylamide slab gel. The panels 
show portions of autoradiographs of IEF two-dimensional PAGE 
“of the immunoprecipitated proteins. The DC a-chains consist of 
: four or five acidic spots. 


DRI/DR1) with Genox 3.53 enabled us to isolate the DCI 
1olecule; Genox 3.53 does not react with GM 3163. Two other 
ionoclonal antibodies, SG 171 and SG 520, were used to 
racterize DC7 antigens. SG 171 was originally found to rec- 
gnize I-A-like molecules from marmoset cell lines'*. However, 
wo-dimensional polyacrylamide gel electrophoresis’ (PAGE) 
nd partial amino acid sequence data indicate that SG 171 
isplays an unusual pattern of reactivity for human la antigens. 
n addition to reacting with HLA-DR antigens of all the different 
alleles, including the DR7 allele, SG 171 cross-reacts with the 
HLA-DC molecule present in DR7 homozygous cells®. SG 171 
is thus suitable for isolating the DC7 molecule after complete 
removal of the HLA-DR antigen. This was achieved through 
several cycles of immunoprecipitation with the monomorphic 
anti-HLA-DR monoclonal antibody, 1.41 (ref. 15), Antibody 
SG 520 has recently been reported to react only with DC7 
molecules when used on cell lines that are HLA-DR7 homozy- 
gous’. In the present work, the HLA-DC7 molecules were 
isolated by immunoprecipitation with SG 520 or SG 171 after 
depletion of HLA-DR. (We will refer to cell lysates from 
GM 3163 (DR7/DR7) and LES (DR1I/DR7) depleted of HLA- 
DR antigen as GM 3163 DR” and LES DR“, respectively.) 
The immunoprecipitated HLA-DC antigen was analysed by 
two-dimensional PAGE as described previously. The use of 
non-equilibrium pH gradient electrophoresis in the first 
dimension provides a good separation of the B-chains of both 


the HLA-DR" and HLA-DC molecules*'*. However, the 








a-chains were poorly resolved by this procedure "*, and. we 
therefore used electrophoretic conditions known to maximize. 
resolution of the acidic area of the gel. Analysis of the DC 
a-chain by isoelectrofocusing (IEF) two-dimensional PAGE in. 
place of non-equilibrium pH gradient two-dimensional-PAGE 
revealed an acidic series of four or five discrete spots. This 
pattern is reproducible for a given DC a-chain. Furthermore, 
the a-chain species could be precisely located according to their 
position relative to the position of actin, a 43,000-molecular 
weight protein present in all MHC class II immunoprecipi- 
tates’ '°. The DCI a-chains isolated from SC-CA and LES cell 
lines using Genox 3.53 were indistinguishable by their IEF- 
two-dimensional-PAGE profile (Fig. 1a,b). This complete iden- : 
tity was confirmed when a mixture of the two immunoprecipi- 
tates was analysed simultaneously on the same gel. Compared. 
with the DCI a-chain, the a-chain of the DC7 antigen isolated. 
from GM 3163 as described above is slightly higher and more. 
basic (Fig. 1c). The DC7 a-chain IEF two-dimensional-PAGE.. 
profiles were identical when GM 3163 was immunoprecipitated 
with antibody SG 520 or when another DR7 homozygous cell 
line (Mann) was used. Structural polymorphism among DCa 
alleles has been reported previously using amino acid sequence 
data, DNA restriction fragment analysis and peptide map- 
ping®'*'®, Based on these results, we searched for elec- 
trophoretic variants of the DC a-chains. Because the JEF two- 
dimensional-PAGE patterns of DC a-chains are reproducible’ 
and distinguish between alleles, they can be used as molecular 
fingerprints to identify the haplotype of origin of the spots and 
therefore provide a method for typing the DCa locus, i 

Because IEF two-dimensional-PAGE analysis demonstrated 
haplotype specificity for the DC a-chains we used antibody 
SG 171 to investigate the DC antigens present in a cell lysate 
(LES DR~) from a DRI/DR7 heterozygous individual carrying. 
DC7 on one chromosome and DC! on the other chromosome: | 
this antibody would be expected to react only with the DC7 ` 
species of DC molecule. However, the PAGE pattern of SG 171- 
reactive molecules isolated from LES DR” cells revealed a more _ 
complex pattern than expected for the DC7 a-chain (Fig. Id); 
it represented the combined pattern of the DCI and DC? a: 
chains. In fact, the pattern was identical to that obtained when 
DCI and DC? antigen preparation were independently isolated 
from a DRI and a DR7 homozygous cell respectively and 
co-electrophoresed on the same gel (Fig. 1e). We conclude from 
this that a monoclonal antibody possessing a biochemical speci- 
ficity restricted to the DC7 antigen is able to precipitate a DCI 
a-chain associated with the DC7 molecule in a DRI/DR7* 
heterozygous cell line. 

Several hypotheses were investigated to explain the presence 
of both a-chains. The DCI a-chain could not carry a determinant 
recognized by SG 171 because the antibody would then be 
expected to immunoprecipitate DC1 from SC-CA (DRI/DR1), 
which it does not. This suggests that the DC1 a@-chain is precipi- 
tated by SG 171 through its association with components of the 
DC7 antigen. Because non-equilibrium pH two-dimensional 
PAGE reveals only one 8-chain, corresponding to the DC7 ° 
£-chain, our observation suggests that the DC7 B-chain freely. 
associates with both the DC7 and DC1 a-chains. Furthermore,’ 
depletion of the DR1/DR7 heterozygous cell lysate with anti- 
body Genox 3.53 removes the complete DC1 molecule (DC1 a, 
DCI £) but does not result in a decrease of the DC1 a-chain 
precipitated with SG 171, thus confirming the presence of an 
additional molecular species that is independent of the DCI 
complex. Because the la antigen consists of two closely associ- 
ated chains, an antibody to either chain. would precipitate the 
a-B dimer. To investigate the possibility that the antibody 
reacted only with the DC7 8-chain, isolated HLA-DC7 antigens 
from GM 3163 were precipitated, separated by SDS-PAGE in 
non-dissociating (unboiled) and dissociating conditions, elec- 
trophoretically transferred to nitrocellulose membranes and ` 
incubated with dilutions of antibody SG 171 and '"*I-protein A 
(Fig. 2). We found that antibody SG 171 bound strongly to the 










































































“ CFig. 2. Detection of DC a@-chain specificity of monoclonal anti- 
«body SG 171 by electrophoretic transfer of proteins from SDS- 
Hus PAGE to nitrocellulose. Soluble membrane proteins from unlabel- 
‘Jed GM 3163 cells were extracted at 10° cells ml~' in 0.5% NP40 
: Tris-buffered saline (150 mM NaCl, 50 mM Tris, 0.02% NaN,, pH 
0) for 15 min at 4°C. The insoluble material was removed by 
entrifugation at 100,000g for 60 min. The HLA-DR antigens were 
- retained through eight cycles of immunoprecipitation with anti- 
“body 1.41, a monomorphic anti-HLA-DR and Staphylococcus 
aureus A protein’, The cell proteins depleted of DR reactivity 
were ‘separated on.a.10% polyactylamide slab gel in non- 
dissociating conditions (no boiling) and dissociating conditions. 
<: Unlabelled polypeptides were transferred to a nitrocellulose mem- 
brane. After transfer, the filter was incubated with a 1: 1,000 dilu- 
- tion of SG 171 and '*T-protein A. DA 147 (ref. 17), an antibody 
directed against the a-chains (DR and DC), was used as control. 
DA 147 reacts with the complex (lane 2) and after dissociation 
“only with the a-chain (lane 1). In contrast, SG 171 reacts with the 
complex (lane 4) and only with the DC -chain (lane 3). Reactivity 
with the separated chains (a and £) in lanes 2 and 4 is the result 
of a low level of chain dissociation which occurs even without 
boiling the sample. 

















imer and to only the B-chain when the complex was dissoci- 
ted. An antibody directed against the a-chain (DA 147) was 
“used as a control” 
From the above results, we conclude that in a heterozygous 
cell line, a DC 8-chain can associate freely with the DC a-chain 
„of either maternal or paternal origin, thus generating mixed- 
haplotype hybrid molecules. Four possible combinations could 
be generated by the different associations between the œ- and 
_ B-chains of the DC loci and would therefore be expressed by 
individual cells. Several laboratories have presented serological 
«evidence that in the mouse, certain Ia determinants exist as 
«hybrid Ia molecules which are expressed on lymphocytes from 
F; animals but are not expressed on cells of either parental 
‘strain’, Furthermore, combinatorial antigens can function 
effectively as in the mixed lymphocyte reaction and as restriction 
: elements for T-cell recognition of antigen-specific clones!?", 
< Jones et al? and Silver” have shown in biochemical studies that 
one gene product of the T-A region (Ag) and a gene product 
“ofthe I-E region (E,) could interact in either the cis or trans 
configuration. in an F, animal. Similar associations occur 
between the A, and A, polypeptides i in the appropriate F,, as 
demonstrated by Silver et al’. No convincing serological or 
biochemical data for an HLA-D region hybrid antigen in 
humans are available. However, Hansen et al.” observed HLA- 
D region trans-complementation in human T-cell clones that 
responded to tuberculin only when presented by accessory cells 
carrying both HLA-D region antigens possessed by the 
autologous cell donor”. Our finding that DC a- and DC £- 
- chains from a heterozygous cell are capable of associating to 
form a novel molecule that may carry unique determinants 
present in the heterozygous cell and absent from both the mater- 
Land parental haplotype may provide a molecular explanation 
o! this. The latter data suggest the presence of new cell-surface 
\olecules functioning as restriction elements independently of 
her they originate from the maternal or paternal chromo- 
ause the DR a-chains from different alleles are non- 
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haplotype of origin of the DR a-chain associ: chloramphenicol pach a (CAT) gene” (Fig. 1a). The 








ated with a given DR @-chain should not be responsible for 
generating new la determinants. In contrast, the variability. o! 
the DC a-chain probably creates determinants of mixed. 
haplotype. Such T-cell clones could represent the functio 
counterpart of the hybrid DC molecules described here. . 

Our results describe an additional source of structural div 
sity of the human Ia antigens which are expressed in HLA 
region heterozygous individuals and thus indicate that the num 
ber of potential Ja restriction sites is much greater than th : 
number of Ia molecules encoded in the genome. 

We thank F. Brodsky and P. Parham for the gift of Geno. 
3.53, J. Silver and S. Goyert for SG 171 and SG 520 and V. Vai 
Heyningen and M. Steel for DA 147. 
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Inoculation of susceptible strains of mice with the SL3-3. st 
of murine leukaemia viruses induces T-cell lymphomas, whe! 
injection of the Akv strain does not’. Recombinant viruses th 
contain the long terminal repeat (LTR) of the SL3-3 virus 
the gag, pol and env genes of the Akv virus are- 
leukaemogenic*. The cell-type specificity of leukaemias indui 
by viruses containing different LTR sequences is due in part 
the ability of the virus. to replicate in the appropriate’ cell ar 
environment” ”. One explanation of the role of the LTR in det 
nation of both cell tropism and leukaemogenic potential is tha 
the LTR encodes tissue-permissive transcriptional elements. We 
report here that there are differences in the transcriptional activity 
of the SL3-3 and Akv LTR sequences in different murine cell 
types, and that the sequences present in the LTR of SL3-3 exhib 
significantly enhanced transcriptional activity in T cells compared 
with the corresponding region of the Akv LTR. The results suggest 
that transcriptional elements are primary determinants of cell 
tropism and of leakaemogenicity of these viruses. 

To assess the ability of the Akv and SL3-3 LTR sequences to 
serve as promoter elements in different cellular environments, 
isogeneic constructions? were made in which the U3 regions of 
Akv (pAU3CAT) and SL3-3 (pSU3CAT) were placed S$‘ to 







































ction of plasmids a 

to assess promoter element 

ion (a): and enhancer element 

etivity(b) of murine LTR se- 

uences: a; The plasmid subclones 

harbouring the 5’-LTR of Akv and 

SL3-3° (pLTR-A4 and pLTR-S3, 

respectively) were provided by J. 

Lenz*. The Pstl-Aval fragment of sat 
the LTRs comprises the U3 and a 
small fraction of the R regions, 
extending from --443 to +31, relative 
to the viral RNA start site (desig- 
hated.as +1) for both viruses. This 
fagment was isolated from each "i 
LTR subclone where the natural 
Aval site was converted to a HindIII] 
-site using HindIII synthetic linkers, 
and the natural PstI site was conver- 
ëd to a blunt end. The plasmid that 
etved as the recipient vector of the 
‘TR fragments contains the entire 
‘AT gene transcription unit? (CAT 2, 288 wind 

coding sequences followed by the 

V40 t-intron and polyadenylation signals) under the control of a SV40 early region promoter mutant that carries a deletion of nearly the 
entire 72-bp tandem repeat element (designated as pSVIXCAT, see below). The SV40 early region promoter, bounded by a synthetic Xhol 
site (5’) and a natural HindIII site (3’), was removed from pSVIXCAT by successive digestion with Xhol, T4 DNA polymerase and HindIII 
“enzymes in a fashion whereby the Xhol site was converted to a blunt end. The LTR fragments were ligated to the vector fragment containing 
the CAT gene transcription unit to generate plasmids in which the CAT gene is under the control of the transcriptional elements in the U3 © 
region of Akv (pAU3CAT) or SL3-3 (pSU3CAT). The Akv and SL3-3 U3 regions are identical except for the presence of a single base insertion 
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pSVIXCAT-ABS 


by arrows)*. The relative positions of CAAT, TATA and initiation (designated as +1) sequences are indicated. The location and boundary of 


lement activity, a plasmid that carries the CAT gene under the control of the SV40 early region promoter (designated as pSV2CAT°) was 
igested with Accl and Sph] to remove the majority of the 72-bp repeat region. The natural AccI and Sph! sites were converted to Xhol sites 
ing T4 DNA polymerase and a Xhol synthetic linker, Following digestion with Xhol and recircularization in the presence of DNA ligase, 
he resulting plasmid (pSVIXCAT) contains the CAT gene under the control of SV40 promoter sequences extending from ~127 to +65 (relative 

the 5‘:most early start site)”. The structure of this promoter deletion mutant is shown relative to the entire SV40 early region promoter 
pund in pSV2CAT. The repetitive elements (designated by arrows), the origin of replication (ori), the TATA element (denoted as A/T) and 

tly start site(s) (designated as +1) are illustrated. The SV40 promoter sequences present in pSVIXCAT are deficient in enhancer element 
ty; however, this activity can be restored by linkage of sequences containing enhancer activity to pSVIXCAT at a variety of sites relative 
the SV40 early start site(s) (unpublished observations). For this study, a variant of SVIXCAT (designated as pSVIXCAT-AB3) was 
onstructed in which the natural Apal site’ located greater than 2.1 kilobases from the SV40 early start site(s) was converted to a Bglil site 
ising T4 DNA polymerase and a synthetic BglII linker. The LTR subclones, pLTR-A4 and pLTR-S3, were digested with Sau3A and EcoRI, 
nd á 620-bp Sau3A fragment containing 337 bp of U3 region sequences and 283 bp of Sau3A fragment D of pBR322 was isolated. The U3 
egion sequence present in the 620-bp Sau3A fragment consists of sequences extending from ~-443 to —106 (relative to the viral LTR start 
ite in a), and contains the entire tandem repeat region of each virus. The 620-bp Sau3A fragment from each LTR subclone was inserted into 
SVIXCAT-ABS3 in either orientation at the unique BglII site. All manipulations were done according to standard recombinant DNA techniques". 


at nucleotide position 65 (designated by an asterisk) in SL3-3 relative to Akv, and the sequences within the repetitive elements (designated 


TR sequences used in pAU3CAT and pSU3CAT are shown relative to a typical retroviral LTR. b, To constract plasmids to assess enhancer ` 


lasmids were introduced into cultured cells using either the 
ilcium. phosphate’® or the DEAE-dextran methods''. After a 
sient expression period of 44-50 h, cell extracts were pre- 
, and the level of CAT enzymatic activity was measured’. 
us investigators have demonstrated that for constructions 
s those used here, in which the sequences surrounding 
A start sites are identical, and which differ only in 
ices: located remotely from the start site*, the level of 
icator gene activity corresponds directly to the transcription 
212-18 To determine the level of nonspecific and specific 
xp in of the CAT gene in murine cells respectively, parallel 
‘ansfection experiments were conducted in which cultured cells 
exposed to plasmids containing either no eukaryotic pro- 
er element (pSVOCAT)’ or the 3’-LTR of Rous sarcoma 
irus (pRSVCAT)"® located 5‘ to the CAT gene. 
e- level of CAT activity following transfection of these 
lasmids into murine fibroblast cells is shown in Fig. 2 and 
le 1. In NIH 3T3 cells, the level of CAT gene expression of 
plasmid containing the Akv LTR sequences is three times 
that of the plasmid containing the corresponding region of the 
L3-3 virus. A similar result was obtained using mouse L cells, 
another murine fibroblast cell line. From these results, we con- 
clude that in some murine fibroblasts the Akv LTR sequences 
are more potent than those of SL3-3 in promoting CAT gene 
“expression. 
«A similar set of experiments was done using murine lymphoid 
_cell lines. In marked contrast to the results observed using 














fibroblasts, the level of CAT activity directed by the plasmid 
containing the SL3-3 LTR sequences was much greater than 
that directed by the plasmid containing the corresponding Akv 
sequences in all the T-cell lines tested (Table 1, Fig. 2b). The 
SL3-3/Akv ratio of transcriptional element activities was 0.3-0.6 
in fibroblasts and 6-20 in T lymphocytes. The preferred 
expression in T-cell lines of the pSU3CAT plasmid relative to 
that of pAU3CAT is evidently not a consequence of virus - 
infection because the SL3-3/ Akv ratio of transcriptional element 
activity in SL3-3-infected L691 cells (designated as L691.SL3-3) 

is similar to that found in uninfected L691 cells. Preference for © 
SL3-3 LTR sequences is also observed in, primary cell prepar- ~ 
ations freshly eluted from the thymus of NFS/N mice (Table- a 
1). Evidently, the transcriptional preference of SL3-3 LTR: 
sequences in the established T-cell lines is a general property 
of T cells. The preferential expression of pSU3CAT is. not 
observed on transfection of the murine B-cell line, M12 (Table 

1), suggesting that preferential expression of pSU3CAT is not 

a general property of all lymphoid cells. 

The only differences in LTR sequence: between SL3-3 and- 
Akv are located within the tandemly duplicated region located 
221-443 base pairs (bp) from the RNA start site’, a region shown 
to include enhancer element functions. of other murine retro- 
viruses'’**, This observation raises the possibility that sequences 
located far from the start site function as primary determinants 
of the efficiency of promoter element utilization in different celt 
types. To test this possibility, we measured the ability of the 
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“ carried out as described previously’. 


: portion of the U3 region harbouring the tandemly repeated 
element of SL3-3 and Akv LTR sequences to function as tran- 
scriptional enhancer elements in murine T cells. The portion of 
simian virus 40 (SV40) early region promoter that governs 
_ start site specificity”? was positioned 5’ to the CAT gene 
(designated as pSVIXCAT-AB3), and the region harbouring the 
tandem repeat element of either SL3-3 or Akv was linked in cis, 
in both orientations, at a site about 2 kilobases from the SV40 
early start sites (Fig. 1b). These plasmids were transfected into 
“murine T cells (the AKSL3 cell line), and the levels of CAT 
„activity were determined relative to pRSVCAT and pSVIXCAT- 
AB3 (Fig. 2c, Table 2). The level of CAT activity directed by 
: the plasmid containing the SL3-3 repeat region was more than 
30 times that of the pSVIXCAT-AB3 plasmid that lacks murine 
LTR sequences. In contrast to the marked increase in CAT 
activity observed for the plasmids containing the SL3-3 se- 
“quences, the level of CAT activity for those plasmids containing 
‘the Akv tandem repeat region sequences was increased only 
“twofold relative to pSVIXCAT-AB3. Similar results were 
obtained using another murine T-cell line, the SL3B cell line 
“(data not shown). 

These experiments demonstrate that in T cells the region 
harbouring a tandemly repeated element of the SL3-3 LTR 
behaves as a transcriptional enhancer element?!**; that is, it 
potentiates increased activity from a remotely located hetero- 
specific promoter element in an orientation-independent man- 
ner. Thus, the enhanced transcriptional activity of the SL3-3 
LTR sequences relative to Akv sequences in murine T cells can 
be attributed to differences in enhancer element function 
encoded by sequences remotely located in the U3 region. 

The increased rate of CAT gene transcription directed by the 
SL3-3 LTR element in T cells, relative to that of Akv sequences, 
permits a natural explanation of the T-cell tropism and 

< leukaemogenic potential of the SL3-3 LTR-containing viruses. 
_ Replication of retroviruses proceeds via transcription from 
_ integrated proviruses. Tissue-specific differences in the rate of 
transcription of the magnitude observed here, 10-60-fold, may 
have a profound effect on the extent of viral replication, as such 
ferences might be expected to be magnified as a power func- 
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NIH 3T3 fibroblasts ek and AKSL3 T cells > c, Representative CAT assay of enhancer element function for plasmids containing è 
“the SV40. promoter sequences lacking enhancer linked sequences, abbreviated SVIX-AB3; the Akv repeat region inserted at the BglII: site 
“kilobases away from the SV40 early start site(s) in the same and opposite transcriptional sense as CAT gene transcription, abbreviated AE( 
‘and AE(—), respectively; the SL3-3 repeat region inserted at the Bgl site and in the same and opposite transcriptional sense as ‘CAT ge 
transcription, abbreviated SE(+) and SE(~), respectively; and the 3’ LTR of Rous sarcoma virus, abbreviated RSV, linked to the CAT gene . 
and transfected in parallel into cultured cells, is illustrated for AKSL3 T cells, Results are expressed as percentage conversion of tC- 

"chloramphenicol to '*C-chloramphenicol acetate by extracts containing 400 ng protein in a and b and extracts containing 600 pg prot 

.-@, The insets show typical autoradiograms of CAT assays at 30 min (a), 80 min (b) and 30 min (e). The upper two spots correspoñd 

“two isomers of '4C-chloramphenicol monoacetate while the lower spot is the unreacted substrate, 
Methods: Each murine cell line was transfected with an equivalent amount of each plasmid DNA per transfection cocktail. The amount 

> DNA used for each experiment was within the linear range of optimal CAT activity (data not shown). The NIH 3T3 cell transfections w 
The L cell and lymphoid cell transfections were done as described previously''. 1 
expression period (44 h in promoter studies as in a and b; 50 h in enhancer studies as in c), the cells were washed with cold phosphate-bufi d 
saline and resuspended in 200 pl of 0.25 M Tris-HCl pH 7.9. Cell extracts were prepared by three cycles of freeze (—70°C)-thaw.( : 
treatment and centrifugation. In vitro CAT enzymatic assays were performed according to published procedures” except that a final concentré ti 
of 2.4 mM acetyl coenzyme A was used in each extract assay. Analysis and quantitation of in.vitro enzymatic assay was done accordin 

previously described procedures’. 


cessive rounds of Teplication. Consonant with this 
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'4C. chloramphenicol. 


After a transient 


model, recent studies indicate that a correlation exists 
the cell specificity of viral replication and the type of 
induced by an isogeneic set of viruses that differ only 
LTR regions’, Thus, it is likely that viral replicatio 
transcription, in the appropriate cellular context may ha 





Table 1 Relative activity of murine LTR sequences as promoter elements 
various cell types 


Promoter element 


RSV Akv U3 SL3-3 U3 








Cell type None 7 LTR region region 
Fibroblasts 
NIH 3T3 0,02 1.00 4.94 1.52 
L 0.05 1.00 5.96 3.74 
Lymphoid cells* 
AKSL3 0.01 1.00 0.76 4.50 
SL3B 0,01 1.00 0.51 10.46 
L691 0.04 1.00 0.64 4.09 
L691.SL3-3 0.01 1.00 0.24 1.73 
NFS/N thymocytes 0,85 1.00 0.92 13.57 
M12 0.01 1.00 2,76 1.75 





The CAT activity of each plasmid is normalized relative to the absolute acti 
of the 3"-LTR of RSY in pRSVCAT within each cell line. Absolute activity 
each plasmid in every cell line was caiculated from the slope of the line 
initial velocity of CAT enzymatic assay for cell extracts containing 400 ug 
protein as depicted in Fig. 2. The absolute activity in any given cell line transfecte 
with each plasmid is expressed in terms of % conversion per h in the in vit 
assays, and may be obtained quantitatively by multiplying the relative va 
the table by the absolute activity value of the same cell line transfected’ 
pRSVCAT. The absolute activity | of pRSVCAT in each cell line is ogiven’ 
parentheses: NIH 373 (2.06% h™'), L (0.64% Bh” D, M12 (2.5% Wh), AKSL3 
(4.87% h“), SL3B (2.04% h7'), L691 (0.84% h~’), L691.SL3-3 (2.37% Wh) an 
NFS/N thymus cells (0.03% h7'). Results shown here reflect an average of at 
least two independent transfection experiments, and CAT assays performed usin 
extracts containing 400 pg of protein. The range of activities around a particula 
value varied by not more than 30% of that value. 

* Several T-cell lines established from murine T lymphomas were used: a 
recipients and include: AKSL3, a cell line established from a spontaneous tumou 
of an AKR mouse (the cell line from which the SL3-3 virus was isolated)”; 
a cell line derived from a thymic T-cell tumour of an AKR mouse that had b 
injected with the SL3 virus”; the uninfected murine T-cell line; L69F 1 
L691.8L3-3, L691 cells infected in vitro with SL3- 3 virus; and 
primary thymus cells isolated from NFS/N mice”. The murine 
was also used as a reçipient, ; 


















ble 2 Relative ‘activity of murine LTR sequences as enhancer elements in the 
murine T-cell line AKSL3 


Viral repeat Relative- 
ee i region and Relative fold 
Promoter element orientation activity enhancement 
SV 3°LTR 1.000 as 
40 early region mutant None 0.01 1.00 
0) early region mutant Akv, sense 0.01 1.00 
‘40 early region mutant Akv, antisense 0.02 2.00 
40 early region mutant SL3-3, sense 0.37 37.00 
40 early region. mutant S$L3-3, antisense 0.34 34.00 





The CAT activity of each plasmid is normalized relative to the absolute activity 

he 3'-LTR in pRSVCAT within the T-cell line AKSL3. Absolute activity was 
ermined as described in Table 1. Results shown here are an average of three 
nsfection experiments and CAT assays were performed using extracts containing 
00 wg of protein. The range of activities around a particular value varies by not 

re than. 30% of that value. Fold-enhancement for plasmids containing viral 
peat regions was determined relative to pSVIXCAT-AB3, the plasmid lacking 
iral-repeat region. 


ajor role in the induction of a tissue-specific disease by these 
iruses. Finally, recent studies suggest that murine leukaemia 
es may induce disease by proviral integration adjacent to 

mmion. loci?®3-35, some of which harbour known onco- 
enes?**, Aniya of these integration sites indicates that these 
may be transcriptionally activated by the adjacent viral LTR 
hancer element”**3-**, We speculate that an additional, if not 
multaneous, characteristic of the LTR of a T-cell leukaemo- 
enic virus is to provide strong enhancer element function 
fficient to transcriptionally activate adjacent cellular loci. 
We thank Corri Gorman and Bruce Howard for gifts of 
mids, Ester Hays for gifts of AKR T-cell lines, Philip Leder 
e M12 cell line, and Jack Lenz, Joseph Sodroski, Craig 
¿and Miles Cloyd for helpful discussions. We thank Ms 
nna. Artz for help in preparation of this manuscript. This 
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The blood/brain barrier prevents the passive diffusion of proteins 
and metabolites from cerebral blood vessels into tissue spaces 
around neuronal and glial cells. To provide nutrients for these 
cells, transport mechanisms must exist and indeed have been 
demonstrated for metabolites’. We now show that monoclonal 
antibodies against rat and human transferrin receptors label blood 
capillaries in the brain but not in other tissues. In the rat this 
labelling occurs after injection of antibody into the blood, thus 
the receptors seem to be accessible at the endothelial surface. It .. 
is possible that transferrin receptors are expressed on these cells `: 


to allow transport of transferrin (and thus iron) into brain tissues. — 


The MRC OX-26 mouse IgG2a monoclonal antibody is 
specific for transferrin receptors on the basis that it binds to a 
detergent-solubilized molecule that can bind '**I-transferrin and 
precipitates a dimer of glycoproteins of apparent molecular 
weight ~95,000 (ref. 2). Cryostat sections were cut from various 
rat tissues and stained with MRC OX-26 antibody, followed b y 
peroxidase-conjugated rabbit F(ab’), anti-mouse IgG antibody’. 
One notable reaction occurred with what appeared to be capil- 
laries in the brain; this is shown in Fig. la for a 5-~m section 
from the cerebellum of rat brain and in Fig. 1b for a 30-pm 
section. The thicker section clearly shows the branched struc- 
tures, and similar patterns were seen in sections from the brain 
cortex and spinal cord. Sections from other rat tissues including 
thymus, lymph node, spleen, heart, kidney, liver, pancreas and 
small intestine were also stained with OX-26 antibody” but 
labelling of capillaries was not observed in these sections. In 
the sections of brain tissue, scattered cells having the mor- 
phology of neurones were also stained (for example, see Fig. 
la). 

To test whether the antigen recognized by the MRC OX-26 
antibody was accessible at the endothelial surface, 2.5 mg of 
MRC OX-26 IgG was injected intravenously (i.v.) into 4-week- 
old PVG/c rats and control animals were injected with an equal 
amount of W6/32 antibody (an IgG2a specific for human his- 
tocompatibility locus antigen) or normal mouse IgG. The rats 
were killed 20 min or 16h after antibody injection and cryostat 
sections were cut from their brains and stained with peroxidase- 
conjugated rabbit anti-mouse IgG antibody. Figure Ic shows 
clear labelling of the capillaries in a section from an animal - 
given OX-26 antibody 20 min previously, but not in a section `> 
from an animal injected with control antibodies. Labelling was 
still evident 16 h after the injection of antibody, but was weaker 
than at the earlier time (not shown). 

The above results suggest that transferrin receptors are 
expressed at the luminal surface of the endothelium of rat brain 
capillaries. Alternatively, the staining could be due to a spurious 
cross-reaction with an unrelated molecule; this possibility would 
be excluded if similar reactions were seen with other monoclonal 
antibodies against transferrin receptors. Several antibodies that 
react with human transferrin receptors have been described and 
the antibodies B3/25 (ref. 4), T56/14 (ref. 5} and OKT9 (ref. 
6) unequivocally have this specificity. When used to stain sec- 
tions from two human brains, these antibodies stained the capil- 
laries in both cases. In one case, sections from somatic and =: 
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Fig. 1 Staining of sections from rat and human brain with anti- 
transferrin receptor monoclonal antibodies. a, b, Labelling by per- 
oxidase immunohistochemistry of $5-um and 30-~m cryostat sec- 
tions cut from the cerebellum of 12-week-old PVG/c rats. The 
`. sections were cut, fixed and stained with MRC OX-26 monoclonal 
antibody, followed by peroxidase-conjugated rabbit F(ab’), anti- 
mouse IgG antibody exactly as described in ref, 3. The monoclonal 
antibody was used as a tissue culture supernatant from OX-26 
hybridoma cells. The control shown at the right of each section 
comprised an adjacent section stained with an antibody that did 
not react with rat tissues (IgG1 or IgG2a control antibodies were 
equally unreactive). The arrow in a indicates a labelled neurone. 
c, A 25-ym section from the cerebral cortex of a rat which had 
been given 2.5 mg of OX-26 IgG i.v. 20 min before killing. This 
section was stained with peroxidase-conjugated rabbit F(ab’), anti- 
mouse IgG antibody without any first incubation with monoclonal 
antibody. The control is a section from a rat given 2.5 mg of W6/32 
antibody (in ascites fluid) 20 miit before killing, d, A 9-j2m cryostat 
section from the cerebellum of a 25-yr-old female human; the 
=u tissue was obtained during autopsy (~7 h after death). The section 
was stained with B3/25 monoclonal antibody and the bound anti- 
“body detected by alkaline phosphatase immunohistochemistry, in 
which the enzyme was cross-linked to the monoclonal antibody 
by a bridge of rabbit anti-mouse IgG antibody and mouse mono- 
clonal anti-aikaline phosphatase antibody’. The sections in a and 
d are at a magnification 2.5 times greater than that of b and c, and 
the bars in the control sections represent 50 ym. 







visual cortex, basal ganglia, cerebellum, mid-brain and spinal 
cord were stained and labelling of capillaries was evident in all 
these areas. Figure 1d shows a typical result for antibody B3/25 
staining a section of cerebellum. In addition, staining for factor 
VIII, an established marker for capillaries’, was done using the 
...F8.44.20 monoclonal antibody and the patterns of reaction (not 
: shown). were indistinguishable from those in Fig. 1d. In other 
human tissues, the capillaries were clearly labelled with the 
_-anti-factor VIII antibody, but staining of capillaries was not 
ie observed with the anti-transferrin receptor antibodies’. Labell- 
g of human. neurones is not evident in Fig. 1d, but scattered 
ronal staining. was seen in sections of human as well as in 
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The reaction of blood capillaries in human and rat brain with 
four different monoclonal antibodies suggests strongly” 
transferrin receptors are expressed on the capillaries, and the 
results in rat show that these are located at the luminal surface. 
It is possible that these molecules are involved in the transport 
of transferrin across the blood/brain barrier. 
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Rabies is one of the oldest diseases known to man, but its successfu 
control has remained elusive. Although effective vaccines of tissue 
culture origin against rabies do exist’, such preparations. are 
expensive. Live vaccinia virus (VV) recombinants expressi 
influenza or hepatitis B antigens have recently been used to immu 
nize against these di . We have now used this approach to 
produce a novel rabies vaccine. We first altered the rabies gly 
coprotein cDNA® by site-directed mutagenesis and removed 

poly(dG) tail. We then aligned the modified cDNA with an ear 
VV promoter sequence inserted within a cloned copy of the vaccini: 
thymidine kinase gene and transfected this plasmid into 
infected cells. Recombination between the virus and the plasmid 
resulted in a recombinant virus harbouring the rabies glycoproteiz 
cDNA. Inoculation of rabbits with the live recombinant vin 
induced high titres of rabies virus-neutralizing antibodies, and 
searification with the recombinant VV protected mice agi nst 
challenge with street rabies virus. ee 

The rabies virus contains five virus-encoded proteins, on 

one of which, the glycoprotein, traverses the lipid bilayer 
envelope. The glycoprotein spike is thus the sole viral componen 
capable of reacting with virus-neutralizing antibodies and elici 
ing their production. The full-length coding sequence of thi 
ERA strain rabies glycoprotein messenger RNA has been is 
lated’ and its sequence expressed in a bacterial host“. Paralle 
experiments have been described’ using the related CVS strai 
of rabies, but no protection against rabies using the bacterially — 
synthesized material has yet been reported. These data sugges 
that post-translational modification and/or presentation of th 
glycoprotein may be important parameters in the use of t 
antigen in protection against rabies. We have explored the us 
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f i Restructuring of the rabies glycoprotein cDNA. a, The 
cDNA segment between the Bgill/ Pst] site at one extremity and 
a downstream MszII site is replaced by a synthetic double-stranded 


~- AGATCTGCAG--G.9q --AGGAAAG ATG GTT CCT CAG GCT-- 1 
oligonucleotide adaptor to delete the upstream poly(G)/poly(C) ~-TCTAGACGTC--C94~-TCCTTTC TAC CAA GGA GTC CGA- 7 
sequence. In b the codon for amino acid 8 in the cDNA sequence b Psti Mstil ma 
is changed from CTA to CCA using oligonucleotide-directed 
mutagenesis. Amino acids of the primary translation are numbered; F s S’gaTcTAATATGGTTCC  ? 
numbers in parentheses give the amino acid positions in the mature Oligonucteotides UAPTATACCARGGAGT Zi 
glycoprotein molecule after removal of the N-terminal signal 3 2 
sequence. The precise cleavage sites for MstI] and Bglll, respec- 
tively, are indicated by ‘m’ and ‘n’. Asterisks indicate mismatches ~-AGATCTAAT ATG GTT CCT CAG GCT-~ 2 
and the dam methylation sequence. ~“TCTAGATTA TAC CAA GGA GTC CGA'- 
Methods: Restructuring the initiation region: In plasmid ptg150(1), agit Meru 
the rabies glycoprotein cDNA of Anilionis etal? was introduced, b (5) (6) (7) (8) (9) 1001) 
ing octameric Pstl-Bglll oligonucleotide adaptors'®, into a 1 24 25 26 27 28 29 30 
unique BglII site inserted at the HindIII site of plasmid pBR327 Met~--Tyr Thr He LEU Asp Lys Leu 
_(RL., unpublished data). This plasmid was digested partially with ~-GAATTC-- AGATCT-~ATG-~~ TACACGATACTAGACAAGCTT-— 2 
Bgill and completely with MstIl, and the appropriate linear frag- ~~ CTTAAG-~TCTAGA-~TAC---ATGTGCTATGATCTGTTCGAA~- 7 
ment isolated by electrophoresis on a low gelling temperature EcoRI Bgill Hind Hi 
agarose gel. Oligonucleotides 5'-AGATCTAATATGGTTCC-3' and | casa tcc. 
'-dTGAGGAACCATATTA-3' were synthesized using a pre- Oligonucleotide &' TACACGATCCCAGACAAGC 3° 
viously described technique'’. These were hybridized together and wras s 
ligated between the BglII and Mstil extremities of the purified | gam methylation sequence 
linear plasmid, permitting recircularization and generating plasmid p NS, 
ptgi58(2). Correction of triplet 8: The oligonucleotide 5’--dTACAC- CES ene LYS Lay 
- GATCCCAGACAAGC-3’ for localized mutagenesis'® contains -7GAATTG--AGATCT--ATG =--TAGACGATGCCAGACAAGCTT=~g 


~~ CTTAAG-~ ICTAGA-~TAC~-- ATGTGCTAGGG TCTGTICGAA-- 


_. two mismatches with the original sequence: a T to C transition EcoRi Bori Saya anil 


correcting the leucine triplet, CTA, to proline, CCA, and an adja- 
vent A to C transversion in the sequence GATA. This generates a dam methylation sequence GATC which favours incorporation of the 
oligonucleotide sequence by selective mismatch correction in vivo following primed repair and transfection (see refs 19, 20 for theoretical 
background to this strategy). The dam methylation sequence is itself a restriction recognition site for the enzyme Sau3A and permitted rapid | 
identification of correct constructs from digestion profiles of replicative form DNAs. Fragment exchange generated the final reconstructed 
plasmid ptg 155-PRO. Note that the EcoRI/ HindIII fragment was cloned in the reverse orientation of that presented here: the lower strand 
omplementary to the oligonucleotide) was present in the parental single-stranded M13 bacteriophage recombinant. Hybrid plasmid assembly: 
iplasmid ptg!H was constructed starting from plasmid pML2”' (a spontaneous deletion derivative of vector plasmid pBR322 lacking the 
gment between nucleotides 1,098 and 2,490: probable sequence at deletion boundaries AGCTTCACGGCCAGC, R.L., unpublished results). 
é Pst] recognition sequence was removed by inserting a 692 base pair (bp) AhallI-Ahalll fragment of pUC8™ between two Ahalll sites 
PML2 (removing 19 bp) and the linker-tailing method”? was used to insert a HindIII linker between the Nrul and $,-treated EcoRI sites 
























VVTGgRAB. 
VV vector to express the rabies glycoprotein coding 


expression of exogenous protein coding sequences in VV 
'olves two steps. First, the exogenous coding sequence is 
gned witha functional VV promoter and inserted in vitro at 
ite within a (non-essential) segment of VV DNA cloned into 
table bacterial plasmid replicon. Second, the flanking VV 
ences. now permit homologous recombination in vivo 
ween the plasmid and the viral genome. Double reciprocal 
mbination results in transfer of the DNA insert from the 
mid to the viral genome, wherein it is propagated and 
sed 289, 

ERA rabies glycoprotein coding sequence? carries two 
mpediments to its successful translation and expression as an 
tigen. First, the ATG corresponding to the initiation codon 
he mature message lies adjacent to a poly(dG) sequence 
roduced by the cDNA cloning procedure. This was eliminated 
‘teplacing the appropriate cDNA segment by a synthetic 
ouble-stranded adaptor, deleting the G/C tail and reconstruct- 
ng the initiation codon region (plasmid ptgi55; Figs 1a, 2). 
sond, the eighth amino acid of the mature glycoprotein (lack- 
ing its signal sequence) of rabies virus ERA and CVS strains is 
proline”'°, whereas in the cDNA isolated by Anilionis et al, 
the triplet at this position codes for leucine. The appropriate 
Segment of glycoprotein cDNA was subcloned into a single- 
Stranded bacteriophage vector and oligonucleotide-directed 
jutagenesis was used to correct the triplet CTA (Leu) to CCA 
Pro) (Fig. 1b). 


this plasmid (ptgiH). The 4.6kb Hin-J fragment of VV DNA bearing the tk gene'' was inserted at the unique HindIII site to generate 

TK. The VV Sal-S fragment, carrying the 7.5K promoter’, was isolated in an M13 vector” as a (shotgun) Sall clone of VV DNA 
gSal-S), Here a Scal site lies 33 nucleotides downstream of the transcription start point and 18 nucleotides upstream from the putative 
initiation codon for the 7.5K gene”*. This clone was truncated using the linker-tailing protocol 
GATCTG-3’ between the Seal site and the M13 vector BamHI site after filling the extremity generated by BamHI digestion by DNA 
erase (Klenow fragment) treatment. This eliminates both the Scal site and the downstream Sall (AccI) site, the upstream site becoming 
ue (M13tg7.5K). The promoter fragment (~270 bp) was excised with Accl and EcoRI and ligated between the unique Clal and EcoRI 
es (see ref, 26) within the tk gene present in ptg!H-TK and generating ptgIH-TK-7.5K, deleting 33 bp (see ref. 27 for an alternative cloning 
egy). The BglII- Bgl] fragment from ptg!55-PRO was subsequently inserted into the unique BamHI site of ptgiH-TK-P7.5K to generate 


to insert a BglII linker oligonucleotide 


A HindIII fragment (Hin-J) of the VV genome containing a 
complete thymidine kinase (tk) gene has been used previously 
to permit recombinational exchange of inserted DNA into the 
VV genome*?”, Transfer of an insert in the tk gene to the 
VV genome creates an easily recognized TK-deficient (TK) 
virus (Fig. 1). Next, a VV promoter was required to drive the 
expression of the inserted rabies glycoprotein coding sequence. 
The promoter of the early VV gene encoding a 7,500 molecular 


weight (MW, 7.5K) protein has previously been used success- < 


fully for a similar purpose”’, and we inserted this segment into 
the cloned tk gene (Fig. 1 legend). The corrected rabies gly- 
coprotein cDNA was introduced downstream of the (7.5K) =: 
promoter to generate pVVTGgRAB (Fig. 1 legend). This plasmid |... 
carries all the elements necessary for transfer of the rabies 
glycoprotein coding sequence to the VV genome and its sub- 
sequent expression. 

The strategy devised by Smith et al? relies on in vivo exchange 
between a plasmid bearing an insert within the VV tk gene and ` 
wild-type viral genome to inactivate the virus-borne tk gene. 
TK” viruses may be selected by plating on a TK” cell line in 
the presence of 5-bromodeoxyuridine: (BrdUrd)?. TK phos- 
phorylates BrdUrd to the 5’-monophosphate, which is converted 
subsequently to the triphosphate. This compound is an analogue 
of dTTP, its incorporation into DNA prevents correct develop- 
ment of the virus. A TK” virus can, however; replicate its DNA 
normally and give rise to visible viral plaques on a monolayer... 
of an appropriate TK” cell line. cr 

VV propagates in the cytoplasm of infected cells rather than 
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<c Fig.2 Immunoprecipitation of proteins synthesized after infec- 
don by the VV-rabies recombinant. a, Polyclonal antiserum R215 
(Wistar) raised against the purified glycoprotein was used; b, c, 
identical results were obtained with two monoclonal virus- 
neutralizing antibodies (509-6 (b) and 101-1 (c); Wistar) which 
identify different epitopes on the rabies glycoprotein. The cell 
monolayers were infected with: 1, recombinant VVTGgRAB-26D3; 
2, wild-type VV; 3, no virus. Numbers on the left-hand side rep- 
resent molecular weight standards (x107%). 
Methods: Semi-confluent monolayers of LTK” cells (~10° per 
plate) were adsorbed with VVTGgRAB-26D3 (50 PFU per cell) 
©». for 1h at room temperature, methionine-free culture medium was 
‘added and after 30 min each plate was supplemented with 50 pCi 
‘of °S-L-methionine (1,265 Ci mmol™'; Amersham) and incubation 
continued at 37°C for 4h. Cells were collected and resuspended 
into immunoprecipitation buffer containing protease inhibitors. 
After sonication and clarification, proteins bound by anti-rabies 
antisera were recovered by affinity chromatography on protein-A- 
Sepharose and displayed by gel electrophoresis and fluorography 
by a modification of a previously described protocol”®. 






in the nucleus. It is thus unable to take advantage of the host 
DNA replication and transcription machineries and instead 
carries in the virion those components necessary for the onset 
of viral gene expression. For the purpose of generating recom- 
binants, it is necessary simultaneously to infect cells with live 
VV and introduce the cloned DNA segment of interest by 
calcium-mediated transfection. However, because the gener- 
ation of recombinants is limited to those few cells competent 
for DNA transfection, we used an indirect ‘congruence’ strategy 
to reduce the background of non-recombinant parental viruses. 
This was achieved by using as live infecting virus a ts (tem- 
perature-sensitive) mutant of vaccinia unable to propagate at 
the non-permissive temperature''. When cells infected with a ts 
mutant in non-permissive conditions are transfected with wild- 
type virus DNA, viral multiplication occurs only in those cells 
competent for transfection. 

Monolayers of primary chick embryo fibroblast (CEF) cells 
were infected with VV-Copenhagen ts26 (0.1 plaque-forming 
units, PFU, per cell), incubated at the permissive temperature 
(33 °C) for 2h, then transfected with a calcium phosphate co- 
precipitate of VV-Copenhagen wild-type DNA (~0.5 ug per 
10° cells) and the recombinant plasmid pVVTGgRAB (3.0 ug 
per. 10° cells). After incubation for 2h at the non-permissive 
temperature (39.5 °C), the cells were rinsed and incubated for 
48 h at 39.5 °C. Dilutions of ts* virus emerging were reinfected 
onto a monolayer of mouse LTK” cells at 37 °C and incubated 
in the presence of BrdUrd (100 pg mi”'). TK™ plaques were 
ned from cells that had received the recombinant plasmid, 
in control culture 


hown). 
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s without the plasmid no plaques were 
fe < mice succumbed after 8=10 days. 















































Table 1 The potential of the recombinant virus to induce ral 
neutralizing antibodies : 





Post-vaccination day § VVTGgRAB-26D3 Vaccinia wild-typ 


0 <10 
i 10,000 
14 > 30,000 





points on the back. On days 0, 1! and 14, rabbits were bled and 5 
tested for the presence of rabies virus-neutralizing antibody: by 
modified rapid fluorescent focus inhibition test’, Rabies’ virus w 
preincubated for | h with dilutions of the rabbit antisera and ads 
to BHK-21 cells. Productively-infected cells were stained after 
a direct immunofluorescence technique. Titres given as the 
dilution at which 50% inhibition of virus infection was obsery 


Correct double reciprocal recombination between t 
vaccinia-rabies plasmid and the VV genome exchanges t 
tk gene for the insert-bearing tk gene present on the plasmid. 
We confirmed the presence of the rabies glycoprotein cDNA 
digesting DNA purified from TK” virus with Hindi 
4.6 kilobase (kb) Hin-J fragment was absent from these 1 
as we expected, and two new fragments of ~1.1 and 5. 
revealed the presence of an insert containing an internal Hinc 
site. Southern blotting confirmed that the insert hybridized 
rabies glycoprotein cDNA (data not shown) and one rec 
binant, VVTGgRAB-26D3, was retained. This virus was : 
for its ability to direct the synthesis of rabies glycoprotein 
tissue culture cells. 

First, monolayers of LTK™ cells infected with VVTG 
26D3 were examined for in situ immunofluorescence | 
virus-neutralizing antibodies. Most cells exhibited 
fluorescence associated with the cytoplasmic memb 
whereas non-infected cells and cells infected with the r 
recombinant virus showed no fluorescence (data not shov 
We infected monolayers of semi-confluent LTK™ cell 
VVTGgRAB-26D3; polyclonal rabies antiserum as we 
different virus-neutralizing monoclonal antibodies pre 
a protein migrating as a diffuse band of MW 66,000. (Fig. 2 
This molecular weight corresponds to the size of ERA’ virus 
glycoprotein’*, Furthermore, sera from rabbits immunized with 
VVTGgRAB-26D3 recognized and bound radiolabelled auth 
tic viral glycoprotein (data not shown). Sera from 
immunized with the non-recombinant VV gave no such reactio! 
We subsequently examined the potential of the recombin 
virus to induce rabies-neutralizing antibodies. Even at the high- 
est dilution of the 14-day antisera, complete neutralization of 
the virus was achieved. 

These results demonstrate that the recombinant VVTGgRAB- 
23D3 not only induces the production of antibodies reacti: 
with rabies virus, but also that antisera from immunized animals 
are capable of inactivating rabies virus in vitro. This encou 
direct protection testing. Mice immunized by intradermal i 
lation of VVTGgRAB-26D3 virus resisted challenge with 





Table 2 Resistance of immunized mice to rabies virus 





Immunizing agent % Protection 


None 
Vaccinia wild-type virus 0 
Recombinant virus VVTGgRAB-26D3 100 


PESAS A A E E AEAEE AAAA EEA 

Female mice (ICR strain) were infected intradermally by scarification 
with ~5x10” PFU of VVTGgRAB-26D3 or wild-type VV. Fou 
scratches were made on the base of the tail using a hypodermic need 
and virus suspension rubbed over the abrasion. On day 15 all vaccinate 
and control animals were infected by intracerebral inoculation with 
CDC strain tissue-culture adapted street virus (2,400 mouse LD, un 
Test animals were monitored for 2 months post-challenge 
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cbars, VVTGgRAB virus, 


loses of street rabies virus, whereas mice similarly immunized 
‘h wild-type VV alone were not protected (Table 2). 
j) assess. the authenticity of the recombinant rabies gly- 
protein, reactivity with a panel of monoclonal antibodies 
ted against rabies glycoprotein and other viral proteins (N, 
nd My was examined. The binding activity of the recom- 
glycoprotein with 44 anti-glycoprotein monoclonal anti- 
s was almost identical to that observed with purified ERA 
LES rus, whereas only the ERA virus reacted with anti-N, 
and -M antibodies (Fig. 3). This demonstrates that the 
glycoprotein produced by VVTGgRAB virus-infected 
is is qualitatively indistinguishable from the native gly- 
protein of ERA virus. 
ccinia virus has been used extensively as a live vaccine to 
ntrol and eradicate smallpox (see ref. 13 for review); it has 
developed as a cloning and expression vehicle for hepatitis 
fluenza and herpes antigens and protection has been 
ved by vaccination with appropriate influenza- and her- 
VV. recombinants**'*. We demonstrate here that live VV 
‘essing the rabies glycoprotein i is capable of conferring pro- 
on against experimental rabies infection. Attenuated viruses 
s VV are particularly appropriate vehicles for vaccine 
their preparation and administration can avoid 
cedures involving propagation of the pathogenic agent 
m cultured mammalian cells and subsequent toxicity testing. 
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Monoclonal antibodies 
Fig. 3. Comparative binding of VVTGgRAB and ERA virus antigens with a panel of monoclonal antibodies. Solid bars, ERA virus; cross-hatched 


< Methods: Antigens (100 ng) were dried on microtitre plates and treated for 30 min with phosphate-buffered saline (PBS) containing 10% 
i y-globulin-free horse serum (Gibco). After draining, monoclonal antibody (1: 1,000 dilution of ascites fluid; 25 yl) was added, incubated for 
Lhat 37°C and washed with PBS. Each well then received 25 pl of '*I-labelled goat anti-mouse antibodies (30,000 c.p.m., specific activity, 
0.5. mCi mg”'). After further incubation (37 °C, 1 h} and washing with PBS, the bottom of each well was cut out and radioactivity determined. 
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We recently reported the isolation and characterization of a novel 
human T-lymphotropic retrovirus, HTLV-II, in patients with 
acquired immune deficiency syndrome (AIDS)-and in those at risk 
for the disease’, After extensive sero-epidemiological studies***, 
together with numerous virus isolations from these patients'”’, we 

concluded that HTLV-II is the causative agent of AIDS. Here 

we report the molecular cloning and characterization of two highly . 
related but distinct. forms of the HTLV-IIL genome. The viral 
genome is ~ 10 kilobases long and is detected in HTLV-IlI-infected 
cells but not in uninfected cells, including normal human tissue, 
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indicating that this virus is exogenous to man. We also demonstrate 
distant nucleic acid sequence homology between the cloned genome 
‘of HTLV-II and those of HTLV-I and HTLV-II. The availability 
of the cloned HTLV-II genome will now allow an unambiguous 
comparison of this virus with other retroviruses that also have 
been associated with the pathogenesis of AEDS*""', and moreover, 
will facilitate the development of diagnostic and therapeutic 
measures in the treatment of AIDS. 

~All human retroviruses that have been extensively character- 
ized are lymphotropic, especially OKT4 lymphotropic, and 
induce formation of multinucleated cells on infection. These 
viruses also contain a relatively high- molecular weight reverse 
transcriptase with preference for Mg”* and possess a major core 
-protein of relative molecular mass 23,000-25,000. We named 
athe viruses human T-cell leukaemia viruses, or HTLV, in accord- 
ance with recent convention'®™, The first two subgroups of 
“HTLV (1 and II) are associated with T-cell malignancies and 
can transform T cells in vitro’. HTLV-II has many properties 
‘in. common with HTLV-Il and HTLV-II but has cytopathic rather 
than transforming activity. The crucial step allowing us to isolate 
-and characterize HTLV-II, and to produce sufficient purified 
Vital reagents for serological assays, was the successful trans- 
mission of HTLV-III to an immortalized human T-cell line (HT) 
and to clones derived from this line which were significantly 
‘resistant to the cytopathic effects of the virus. This led to the 
‘establishment of permanently infected, high-producer cell lines 
for continuous production of HTLV-II’. One of these cell lines, 
H9/ HTLV-II, produces large quantities of HTLV-II] and serves 
as the principal producer cell line for immunological assays 
used to detect virus-specific antigens and antibodies in sera from 
AIDS patients. The uninfected parental cell line (HT) and its 
derivatives (H9 and H4) were negative by all criteria for retro- 
Virus infection, including HTLV-I, HTLV-II and HTLV-II 
(M: P., in preparation). To clone the HTLV-II genome, we 
‘isolated unintegrated viral DNA after acute infection of H9 cells 
concentrated HTLV-II! and cloned this DNA into a A 
age library to be screened with viral cDNA. 

“Concentrated virus from the H9/HTLV-III cell line was used 
to infect fresh uninfected H9 cells at a multiplicity of 50 viral 
particles per cell and cultures were collected after 4, 10, 15, 24 
and 48 h. Extrachromosomal DNA was extracted according to 
‘the procedure of Hirt'* and assayed for its content of unin- 
tegrated viral DNA using HTLV-II! cDNA as a probe. The 
“synthesis of this cDNA was primed with oligo(dT) and reverse- 
transcribed from poly(A)-containing RNA of virions that had 
been banded twice on sucrose density gradients'*. Unintegrated 
linear viral DNA was first detected after 10h and was also 
-present at the subsequent time points. Figure | shows a Southern 
blot.of the 15-h sampling. A band of ~10 kilobases (kb) in the 
undigested DNA represents the linear form of unintegrated 













Fig. 2 Restriction endonuclease 
map of two closely related HTLV-II 
forms cloned from unintegrated viral 
DNA. Three recombinant clones 
(ABHI0, ABHS and ABHS8) were 
analysed and their inserts (9, 5.5 and 
3.5kb, respectively) were mapped 
with the indicated enzymes. Together 
they represent two genomic 
equivalents of HTLV-HI that are 
highly related but differ in three 
enzyme sites, indicated by bold let- 
ters and asterisks. 

Methods: Low-molecular weight 

DNAs pooled from the 15- and 24-h 

: samples were fractionated on a 10- 

` 40%: sucrose gradient”. Aliquots of 

=: the fractions were electrophoresed 

— ona 0.5% agarose gel, transferred to 0 1 
= nitrocellulose paper and hybridized 


Sstl 
Hind Ht 
Bgl fi 


\BH-10 










* 


————LETTERSTO NATURE a 





23.1 


9.4 
6.6 


44 


O Omm NN 
So w= & OW 





UNDIGESTED 


Fig. 1 Southern blot?’ analysis of unintegrated HTLV-II DN. 
No viral sequences could be detected in the undigested DNA aft 
4h. However, a major species of viral DNA ~10 kb long was 
present at 10, 15, 24 and 48 h, representing the linear unintegrated 
form of the virus. The figure shows a representative Southern: bl 
of the 15-h sample digested with several restriction enzyme 
Methods: Fresh uninfected H9 cells (8 x 10°) were infected with 
concentrated supernatant from cell line H9/HTLV-II con 
4x10"! particles of HTLV-IIL Infected cells were divided into five 
roller bottles and collected after 4, 10, 15, 24 and 48h: Low 
molecular weight DNA was prepared using the Hirt fractionation 
procedure’ and 30 yg of undigested and digested DNAs 
separated on a 0.8% agarose gel, transferred to nitrocellu Se 
paper, and hybridized to an HTLV-II] cDNA probe for 24 
37°C in 2.4xSS8C, 40% formamide and 10% dextran sul 
cDNA was synthesized from poly(A)-selected RNA prepare 
doubly banded HTLV-II virus in the presence of oligo( 
primers”. Filters were washed in 1 xSSC at 65 Ce 


HTLV-II. No closed or nicked circular DNA could be detect 
at 10, 15 or 24h, but both forms were evident in small am 
at 48 h (data not shown). The viral genome was not cleav 
Xbal, whereas SstI generated three predominant bands of 
5.5 and 3.5 kb (Fig. 1). We interpreted these bands as repre: 
ing the genomes of two forms of HTLV-II, both cut by SsiI i 
or near the long terminal repeat (LTR), and one having ar 
additional SstI site in the middle of its genome. The other 
enzymes generated a more complex pattern of restriction: ag ‘ 
ments requiring cloned DNA for further analysis. 

Figure 2 shows the restriction map of three clones, designate 
ABH10, ABH5 and A BH8, which correspond in size to the t 
Sstl fragments shown in Fig. 1. Comparison of these ma 
suggests that ABH5 plus ABH8 constitute one HTLV- 
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to TEV CDNA in conditions described in Fig. | legend. Fractions containing the unintegrated linear HTLV-II! genome shown by hybridizati 
|; the DNA was subsequently digested with Sstl, then ligated to phosphatase-treated Sstl arms of AgtWes-AB. Afte: 
binant piiages were screened for: viral sequences with HTLV-I cDNA'3, 
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ig. 3 Demonstration of the presence of HTLV-II viral sequences 
in the infected cell line, H9/HTLV-IIl. Both variant forms of 
“HTLV-II defined by differences in Sstl sites were detected in 
H9/HTLV-II DNA. No HTLV-II! sequences were found in unin- 
ected H9 cells, uninfected HT cells or normal human thymus (NT). 
< Methods: High-molecular weight DNA (10 pg) was digested with 
` restriction enzymes as indicated and hybridized to the nick-trans- 
lated phage insert from A BH10 in the conditions described in 
Fig. | legend. 


enome, and ABH10 another. The two viral forms differ in 3 of 
pped enzyme sites, including the internal SstI site. As 
, the phage inserts of ABH5 and ABH8 hybridize in 
tringency conditions (T,,~ 25°C) to ABH10 but not to 
ther, as analysed by Southern blot hybridization and 
n microscopic heteroduplex analysis (data not shown). 

etermine the orientation of the three clones, we used as a 
a. cDNA clone (C15) containing U3 and R sequences 
et al, in preparation); C15 hybridized strongly to the 
b Bglll fragment of ABH10 and A BH8, orienting this side 
suming that Sst] cuts only once in the vicinity of the 
V-IIE LTR, the clones ABH10 and ABH5/A BH8 represent 
complete genomic equivalents of the linear unintegrated 
of HTLV-II that vary in three restriction enzyme sites. 
lowever, the viral fragments cloned into ABH5 and A BH8 may 
been derived from the same or two different viruses. 

The presence of two variant forms of HTLV-IIL in the original 
‘line was demonstrated by hybridizing the radiolabelled 
sert of ABH1O0 to a Southern blot of H9/HTLV-III genomic 
INA digested with several restriction enzymes (Fig. 3); both 
rms were detected using SstI, which generated the expected 
bands of 9, 5.5 and 3.5 kb. Xbal, which does not cut the 
ru generated a high-molecular weight smear representing 
yclonal integration of the provirus, plus a band of ~10 kb. 

10-kb band was also detected in undigested H9/ HTLV-II 
| (not. shown), indicating that it represents unintegrated 
|! DNA: The presence of unintegrated viral DNA also 
xplains the 4- and 4.5-kb EcoRI fragments seen in both the 
and total cellular DNA preparations (Figs 1, 3). Both Bgill 
nd HindIII cut within the LTR and generate the expected 
ternal bands. Several faint bands in addition to the expected 
ternal bands generated by HindIII digestion, represent either 
ective proviruses or other variant forms of HTLV-IH present 
ow copy number. 

_ The absence of HTLV-II sequences from the DNA of the 
uninfected H9 cell line, the uninfected parental cell line HT 
nd normal human thymus (Fig. 3), demonstrates clearly the 
ogenous nature of HTLV-II] and shows that the virus does 
not contain human cellular sequences. The same results were 
obtained using inserts from à BHS and ABH8 as probes. 

~The availability of the cloned HTLV-II! genome also allowed 
us to evaluate sequence homology between HTLV-II] and other 
members of the HTLV family including HTLV-I and HTLV-II, 





Fig.4 Sequence homology of HTLV-II] to other members of the 
HTLV family. Schematic restriction maps of HTLV-I, HTLV-Ib 
and HTLV-II are shown at the bottom, indicating the length (in 
kb) and location of the generated fragments with respect to the 
corresponding genomic regions of HTLV-I. LTR, gag, pol, env and 
pX regions are drawn to scale according to the published nucleotide 
sequence of HTLV-I"*. The bands that are most highly conserved 
as stringency increases correspond to the gag/pol junction region 
of HTLV-I (1.8-kb PstI fragment) and HTLV-Ib (3.1-kb Pst! 
fragment) and to the 3’ part of the pal region of HTLV-II (2.1-kb 
Smal/ BamHI fragment) which do not overlap assuming that 
HTLV-II has a genomic organization similar to that of HTLV-I. 
Fragments corresponding to pX of HTLV-I (2.1-kb SstI/ Pst frag- 
ment) and HTLV-Ib (1.4-kb Pst fragment) are only faintly visible 
at T,,~ 28°C on the original autoradiogram. Digestion of GaLV 
generates six fragments, none of which hybridizes with HTLV-II 
in medium or high stringency conditions (7,,=~—42°C and 
~28 °C). 

Methods: Subclones of full-length genomes of a prototype HTLV-1 
(unpublished), HTLV-Ib'*, HTLV-II” and GaLV (Seato strain)?’ 
were digested with the following enzymes; PstI plus Sst] (HTLV-I 
and HTLV-Ib); BamHI plus Smal (HTLV-II); and HindIII, Smal 
and Xhol (GaLV). Four replicate filters were prepared and hybrid- 
ized for 36 h under low stringency (8 x SSC, 20% formamide, 10% 
dextran sulphate at 37°C) to nick-translated insert of ABHIO. 
Filters were then washed in 1 xSSC at different temperatures: a, 
22°C (Ti, 70°C); b, 37°C (Ta~ 56°C): 6, 50°C (T,,-42 °C); 
and d, 65°C (7,,~28°C), and subsequently autoradiographed 

for 24h. 


as well as a variant of HTLV-I (HTLV-Ib) recently isolated and 
molecularly cloned from a Zairian patient with adult T-cell 
leukaemia'®. Replicate Southern blots of restriction enzyme- 
digested clones comprising the complete genomes of HTLV-I, 
HTLV-Ib and HTLV-II, and of gibbon ape leukaemia virus 
(GaLV) as a control, were hybridized with the full-length HTLV- 
II probe (BH10) in relaxed conditions, after which the filters ` 
were washed in conditions of low, medium and high stringency 
(Fig. 4). This experiment demonstrates homology between 
HTLV-II and HTLV-I, HTLV-Ib and HTLV-II, but not between - 
HTLV-II and GaLv. Hybridization of HTLV-II with other 
members of the HTLV family could be detected in conditions 
(T,, — 42°C and ~28 °C) where no hybridization to GaLV was 
seen (Fig. 4c, d). Note that the restriction fragments showing 
greatest homology to HTLV-IH correspond to the gag/pol 
region of HTLV-I and to an apparently non-overlapping portion 
of the pol region of HTLV-II (assuming that the genomic 
arrangement of HTLV-II is similar to that of HTLV-1). Hybridiz- 
ation to a fragment containing exclusively pX sequences in 
HTLV-Ib (1.4-kb PstI fragment) and to the corresponding frag- 
ment in HTLV-I containing pX and LTR sequences (2.1-kb 
Pstl/Sstl) was detectable at T,,—28.°C but was very faint. px 
sequences of HTLV-II did not hybridize to the HTLV-II probe 
in the same stringency conditions, nor did fragments containing. 
LTR or envelope sequences of both HTLV-I and HTLV-IL - 




















) erall, these findings using the cloned HTLV-III probe agree 
ith our previous observations using HTLV-II cDNA'>, which 
also revealed sequence homology, especially in the gag/ pol 
‘régions of the HTLV-I, HTLV-II and HTLV-II] genomes. 
However, we emphasize that HTLV-II] is much less closely 
“related to HTLV-I and HTLV-II at the nucleic acid level than 
© HTLV-I and HTLV-II are to each other'”’® and that this 
homology is most evident in the gag/pol region of these viruses 
under stringent hybridization. 
Thus, we have molecularly cloned two closely related but 
-distinguishable genomic equivalents of HTLV-II from the 
<:H9/ HTLV-II cell line, which has been the principal source for 
“all viral reagents used in studies of the sero-epidemiology of 
HTLV-III in AIDS patients'-’. Note that this virus from the 
.°H9/HTLV-HI cell line retains its cytopathic activity against 
. fresh normal human lymphocytes (unpublished data). Using 
< these clones as probes, we also detected HTLV-II viral sequen- 
ees in. infected cell lines other than H9/HTLV-III that were 
_ established from different AIDS patients, and in fresh uncul- 
tured lymphoid tissues of AIDS patients'’. These findings sug- 
gest that the cloned HTLV-II] genomes reported here represent 
o the probable aetiological viral agent of AIDS. The finding of 
two: variant forms of HTLV-III in the H9/HTLV-III cell line 
could reflect cumulative in vitro mutations in a highly replicative 
_ virus. The two forms could also represent different isolates as, 
when first established, the H9/HTLV-III cell line was infected 
with pooled material from several different AIDS patients’. 
Preliminary studies of other HTLV-II isolates indeed indicate 
that HTLV-II, unlike HTLV-I and HTLV-H, exhibits substan- 
tial diversity in its restriction enzyme cleavage pattern when 
isolates from different patients are compared'®, Further charac- 
terization and sequence analysis will help to define the natural 
. variability of this virus, which has important implications with 
_ respect to its pathogenicity and origin, and attempts at preventive 
asures for AIDS. The availability of the cloned HTLV-III 
nome should also now allow direct comparison of this virus 
with a similar group of retroviruses described by other inves- 
~tigators*"' which has also been linked to the pathogenesis of 
AIDS and which appears to be immunologically and mor- 
»phologically indistinguishable from HTLV-II (M. Sarngad- 
haran et al., unpublished). Finally, the demonstration of a sub- 
stantial amount of unintegrated viral DNA in the chronically 
“infected cell line H9/HTLY-III, distinguishes HTLV-ILE from 
HTLV-I, HTLV-II and most other retroviruses. It will be impor- 
“tant to determine whether the presence of unintegrated DNA 
has a role in the cytopathicity of HTLV-II, as has been proposed 
for certain other retroviruses”?! 




























Received 9 August; accepted 27 September 1984. 


< AeGallo, R. C. et al, Science 224, $00-503 (1984). 
<2. Popovic, M., Sarngadharan, M. G., Read, E. & Gallo, R. C. Science 224, 497-500 (1984). 

3. Sarngadharan, M. G., Popovic, M., Bruch, L., Schupbach, J. & Gallo, R. C. Science 224, 

eee 506-508 (1984). 
“4 Schupbach, J. et al. Science 228, 503-505 (1984). 

5. Safai, B. et al. Lancet i, 1438-1440 (1984). 

6. Groopman, J. E. er al N. Engl J. Med. (in the press). 

7. Salahuddin, S. Z. et al. Proc. natn. Acad. Sci, U.S.A. (submitted). 

8. Barré-Sinoussi, F. et al. Science 220, 868-871 (1983). 

9, Montagnier, L. et al. in Human T-Cell Leukemia/ Lymphoma Virus (eds Gallo, R. C., Essex, 

M. & Gross, L. ) 363-379 (Cold Spring Harbor Laboratory, New York, 1984). 

10. Feorino, P, M. et af. Science 225, 69-72 (1984). 

Ul. Levy, J. A. et al Science 228, 840-842 (1984). 

12. Gallo, R. C., Essex, M. & Gross, L. (eds) Human T-Cell Leukemia! Lymphoma Virus (Cold 

Spring Harbor Laboratory, New York, 1984), 

13. Watanabe, T., Seiki, M. & Yoshida, M. Science 222, 1178 (1983). 

14, Hirt, B. J. molec, Biol, 26, 365-369 (1967). 

15. Arya, S. K. er al Science 228, 927-930 (1984). 

16, Hahn, B. et al. Int. J. Cancer (in the press). 

17. Shaw, G. M. et al. Proc, natn, Acad. Sci. U.S.A, 81, 4544-4548 (1984), 

18. Sodroski, J. et al. Science 228, 421-423 (1984). 

19. Shaw, G. M. et al. Science (in the press). 
<2 30,Keshet, E. & Temin, H. M. J. Virol 31, 376-388 (1979). 
21. Weller, S. K., Joy, A. E, & Temin, H. M. J. Virol, 33, 494-506 (1980), 

2, Southern, E. M. J. molec, Biol. 98, 503-517 (1975). 
Maniatis, T., Fritsch, E. F. & Sambrook, J. in Molecular Cloning: A Laboratery Manual, 
23-233 (Cold Spring Harbor Laboratory, New York, 1983). 
Seiki, M., Hattori, S., Hirayama, Y. & Yoshida, M. Proc. natn. Acad. Sci. U.S.A. 80, 3618-3622 










imana, E. P. vFranchini, G., Manzari, V., Wong-Staal, F. & Galio, R. C. Proc. natn. Acad. 
te 993-997 £1984). 
rx Wong- Staal, F. & Re M. S.J. Virol, 44, 269-275 (1982). 


LETTERS TONATURE — 


Metabolic oxidation phenotypes 
as markers for 

susceptibility to lung cancer 
Riad Ayesh*, Jeffrey R. Idlet, James C. Ritchiet, 
Michael J. Crotherst & Martin R. Hetzel* 


* The Chest Unit, Whittington Hospital, London N19 SNF, UK”: 
+ Department of Pharmacology, St Mary’s Hospital Medical School, ‘ 
Paddington, London W2 1PG, UK 


































































That bronchial carcinoma is not an inevitable consequen 
cigarette smoking has stimulated the search for host factors th: 
might influence the susceptibility of the individual smoker. | 
plausible host factor would be a polymorphic gene controlli 
metabolic oxidative activation of chemical carcinogens, giving ri 
to wide inter-subject variation in the generation of cancer-indu 
and/or promoting species. Recently, three genetic polymorphi: 
of human metabolic oxidation have been demonstrated (as charac- 
terized by debrisoquine, mephenytoin and carbocysteine), with tl 
metabolism of several substrates exhibiting the phenomen 
Debrisoquine 4-hydroxylation ‘segregates into two huma 
phenotypes, each comprising characteristic metabolic capabil 
ity**, We report here the frequency of debrisoquine 4-hydroxyla 
tion phenotypes in age-, sex- and smoking history-matched 
chial carcinoma and control patients. Cancer patients show 
preponderance of probable homozygous dominant extensive mei 
bolizers (78.8%) with few recessive poor metabolizers (1.6 
compared with smoking controls (27.8% and 9.0%. respectivel 
We conclude that the gene controlling debrisoquine 4-hydroxyla 
tion may be a host genetic determinant of susceptibility to 
cancer in smokers and that it represents a marker to 
assessing individual risk. 

The metabolism of debrisoquine was examine mn 
cigarette smokers who had or had not presented w! 
chogenic carcinoma, in order to determine the frequ 
extensive metabolizer (EM) and poor metabolizer (P 
phenotypes in each group. Patients were recruited from ar 
of London within the Islington District. Bloomsbury Distri 
and Wandsworth District Health Authorities and were admitte: 
primarily to Chest Unit beds at Whittington Hospital. All wer 
white Europeans with a positive history of cigarette smokin 
(>20 pack-yr, that is, number of packs of 20 cigarettes p 
day xnumber of years of smoking). Subjects were exclude 
chemotherapy or drugs known to interfere with the phenotypin 
test' had been given, if there were signs of abnormal hepatic o 
renal function and if additional acute conditions such as heat 
failure or severe chest infection obtained. The cancer pa 
(n= 245) had a definite diagnosis of bronchogenic carci: 
proven by histology (108), cytology (85) or histology/ cytolog 
(44) from samples obtained at bronchoscopy (194), tra 
scutaneous needle biopsy (24), mediostinoscopy (9) and pleur 
biopsy (6). Cell types comprised squamous cell (138), small ¢ 
(68), large cell (8) and undifferentiated (1) carcinomas, togethe 
with 30 adenocarcinoma patients. Control patients (n= 234 
were smokers with chronic airflow limitation, without evidenc 
of carcinoma. Each patient received no drugs after 21:30 h 
day before the test, nor for 2h after the start of the t 
07.00 h. They were each given a 10 mg debrisoquine tablet orall 
all urine was collected for the subsequent 8 h and analysed fo 
its content of debrisoquine (D) and 4-hydroxydebrisoquine (i 
HD) by electron-capture gas chromatography’. The metab 
ratio (urinary D/4-HD) thus determined was used to assign. 
phenotype (EM, 0.1-12.6; PM, 12.7-100)°. Routine clinical 
chemistry and haematology were performed on a blood sample 
from each patient within 2 days before or after the test. 

Cancer and control patients were similar in age (66.5 +7. 
(+s.d.) and 67.2 + 3.3 yr respectively), sex ratio (M/F) (1.82, 1.8 
and smoking history (60.34 24.0, 59.4+21.1 pack-yr). 
results showed that the patients also had similar levels.of plasm: 
Na* (137 +6, 13744 mM in cancer and control patients, respec- 
tively), HCO; (27.04 5.4,.26.8 +4.9 mM), urea (5.04 1.3, 5.1 




































Metabolic ratio 


t -Distribution of metabolic ratios (urinary D/4-HD) in 
iking controls (a, n = 234) and brochogenic carcinoma patients 
(b, n = 245). 


m x total protein (70.5 + 4.8, 70.9+5.0g17' and bilirubin 
7, 8047.6 uM), and comparable white cell counts (9.0 + 
5§x10°1"'), mean corpuscular haemoglobin con- 
(32.7 + 2.2, 32.8 + 2.0 g per 100 ml) and platelet count 
85, 3254.89 x 10° 17°). Values for plasma K*, albumin, 
ine phosphatase, aspartate aminotransferase, haemoglobin, 
d cell volume, mean corpuscular volume and mean corpus- 
haemoglobin all showed smail but statistically significant 
ferences between cohorts, but nevertheless fell within the 
mal’ clinical range. 
brisoquine 4-hydroxylation, however, showed several 
jor differences between cancer and control cohorts (Fig. 1). 
the metabolic ratios for ‘smoking’ controls were dis- 
buted across the full range of values and included 21 recessives 
> 12.6), the metabolic ratios for cancer patients were 
regated towards the left end (rapid metabolism) of the spec- 
, with only four recessives. Figure 2 shows the combined 
rithmic form, which both compresses and normalizes 
istribution. Analysis of family pedigrees and a similar 
ution fora healthy white British population® has allowed 
ion of the mean (+s.d.) log, metabolic ratios for homozy- 
EM, heterozygous EM and recessive PM genotypes as 
6+ 0.23, 0.13+0.33 and 1.4440, 31, respectively. Remark- 
ly, the additive cancer and control distributions have major 
odes at -0.35, 0.05. and 1.75, which almost certainly correspond 
the three genotypes (Fig. 2). Thus, most cancer patients with 
@19 metabolic ratios of less than 0 (193/245; 78.8% ) probably 
homozygous dominant genotypes, whereas the majority of 
joking controls (148/234; 63.2%) with logio values between 
and 1.1 (Fig. 2; ratios 1-12.6 in Fig. 1) are probably. heterozy- 
sotes. Probable homozygous individuals in the control group 
27.8% (65/234) EM and 9.0% (21/234) PM genotypes. 
Finally, inspection of the extremities of the distribution reveals 
t only that there are no controls with ratios of 0.1-0.2, but 
lso that the PM mode is almost devoid of cancer patients. Of 
he four cancer patients with a PM phenotype, two were 
adenocarcinoma patients and one had a 150 pack-yr cigarette 
consumption. 


Frequency 


ae 
© 





~f 0 
log, ) metabolic ratio 


Fig. 2 Distribution of log, , metabolic ratios for cancer (solid 
bars) and control (open bars) groups combined. 


Care has been taken to ensure similarity between the two 
cohorts for factors which could influence either the disease (age, 
sex, smoking history) or the phenotyping test (hepatic/renal. 
impairment, ethnicity, recent drug. history), Nevertheless, the 
question arises as to whether-or not the metabolic differences 
between cohorts which we report here contribute to the cause 
of lung cancer or are a result of it. Several reasons support the 
former interpretation of these data. First, our own findings in 
patients with cancer at other sites such as colon, rectum and 
urinary bladder, suggest that the presence of a tumour has no 
effect on the phenotyping test. Also, the debrisoquine metabolic 
ratio arises from hepatic metabolism of the administered drug 
and therefore major pathological changes within the liver might 
be expected to perturb the phenotyping test more than any other. 
disease state. Appropriate data from a population of alcoholics 
with, liver diseases of varying severity show that this is not the 
case’, 

We propose, therefore, that the metabolic and genetic differen- 
ces between white European cigarette smokers in this study who 
developed lung cancer by, on average, their mid-sixties and 
those who did not, reflect the aetiology of the disease. Homozy- 
gous dominants appear to be at high risk of developing cancer, 
whereas heterozygotes and recessive are at relatively low risk. 

Debrisoquine 4-hydroxylase may not be involved in chemical 
carcinogen metabolism, but its gene may flank others with 
oncogenic potential, recessives for which will almost certainly 
be recessives for debrisoquine 4-hydroxylation. Such genes 
might be structural or regulatory genes for cytochromes P450, 
such as the Ah locus’, or indeed genes not involved in chemical - 
carcinogen metabolism, for example, cellular oncogenes. We 
conclude that the metabolic oxidation. phenotypes serve as 
genetic markers for differential lung cancer susceptibility. 

This work was supported by grants from the Cancer Research 
Campaign. J.R.L is a Wellcome Trust Senior Lecturer. We thank 
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«TSL RNA is an abundant cytoplasmic RNA which functions in 
protein secretion as a component of the signal recognition particle’. 
Alu sequences are the most abundant family of human and rodent 
middle repetitive DNA sequences (reviewed in ref. 2). The primary iObp 
- Structure of human 7SL RNA consists of an Alu sequence interrup- 
ted by.a 155-base pair (bp) sequence that is unique to 7SL RNA®. 
in order to obtain information about the evolution of the Alu 









































Fig. 1 The structural relationship of human 7SL RNA to. 
consensus sequences of human and rodent Alu DNA. Homolog 
sequences are indicated by identical shading. Huma 


jomain of 7SL RNA, we have determined the nucleotide sequence is a head to tail dimer of two similar sequences “130.bp long. 
_of a cDNA copy of Xenopus laevis ISL RNA and of the 7SLRNA sight monomer contains an insert (1) which is not present i 
gene of Drosophila melanogaster. We find that the Xenopus left half”, The rodent Alu equivalent sequence is a monom 
_ Sequence is 87% homologous with its human counterpart and the ` We have found that. the mouse BI Alu-equivalent consens 
-Drosophila TSL RNA is 64% homologous to both the human and sequence compiled by Kalb et a4 contains an internal tande 
amphibian molecules. Despite the evolutionary distance between duplication of 30 bp between. positions 62 and 121. The typ 


the species, significant blocks of homology to both the Alu and Chinese hamster Alu-equivalent sequence’! has a similar structur: 
/-7SL-specific portions of mammalian 7SL RNA can be found in arrangement. Arrows above the rodent Alu DNA indicate 
the insect sequence. These results clearly demonstrate that the Alu position of the ane pane anaes (A)n ie PE 
sequence in 7SL RNA appeared in evolution before the mammalian ON pees pene cane neo ep 5 

. radiation. We suggest that mammalian Alu sequences were derived eo í g i 
"from 7SL RNA (or DNA) by a deletion of the central 7SL-specific 7 TO obtain information about the evolution of ISL RN 
sequence, and are therefore processed 7SL RNA genes. its possible relationship to Alu sequences, we have an 
The signal recognition particle (SRP) mediates the transloca- TSL sequence in X. laevis and D. melanogaster. A cD 
_ tion of secretory proteins across the endoplasmic reticulum*®. of in vitro polyadenylated 7SL RNA of X. laevis wa 
SRP consists of six different polypeptides and one molecule of as described previously’. For Drosophila, a bacteriopha 
1, RNA'. Previous studies have shown that 7SL RNA is an Of embryonic DNA was screened for sequences ho 
ntial component for SRP function’. the 155-nucleotide portion of human 7SL RNA no 
n the human genome, Alu DNA constitutes the dominant with Alu DNA, using the 125-base pair (bp) Sau3 
_ family of short middle-repetitive mobile sequences’, and in of clone p7L1 as a probe’. Restriction endonuclease 
addition, Alu equivalents have been described in the genomes 9f three independent positive phage clones and subsequent 

of other primates®”, as well as in rodents'®". Human 7SL RNA sequence determination of appropriate DNA fragments esta 

is an abundant cytoplasmic RNA of 300 nucleotides which was _ lished that there are two identical genes coding for 7SL RN 
¿shown to be partially homologous with Alu DNA". Approxi- in D. melanogaster (C.T. and Jean Burckhardt, manuscript 
"mately 100 nucleotides at the 5’ end and 45 nucleotides at the Preparation). Figure 2 compares the primary structures of 
3 end of the RNA are homologous with the human Alu right Xenopus and Drosophila 7SL DNA with the human counterp 
“monomer consensus sequence’. The central portion of 155 The length of the 7SL RNAs of Xenopus and Drosophil 


“nucleotides shows no homology with Alu DNA and is unique  CO™parable with that of human 7SL RNA, which agrees with 
to 7SL RNA (Fig. 1). The entire human and rodent Alu the observation that the three 7SL RNAs have the same el 


; k a Š sate 13 a P 
“sequences are represented in the 7SL molecule (see Fig. 1). trophoretic mobility'’. However, we have not determined th 








Fig. 2 The nucleotide sequences of 
Xenopus and Drosophila 7SL DNA f 
©) and their comparison with the human 
ISL cDNA, The nucleotide sequence | 
“ofa cDNA copy of X. laevis ISL RNA | 
(top line) and of the D. melanogaster | 
ISL RNA gene (bottom line) were | 
determined by the chemical degrada- a 
tion™ and the dideoxy-chain ter- 
mination methods*®, The anticoding 
strand of both 7SL DNAs was aligned 110 
with the sequence of human cDNA 
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GOCGEGCECTETEGC-GTOTGCCTCTAAT-CCAGCTACTT~GGAGG~CTTGGGCTGTCGCATCGCTTGAGTCCATGACTTCTGGGCTGCACTGAGCTATCTO-““GATCGG 
JdHOS SEES Jedd: d dakaka ok Kiik neuen e r eeii ERR i ek Aa i tiie 


GECEGECGCEGTEGE-GCOTCCCTGTAGTCOCAGCTACTCGGGAGG-CTGAGGCTGGAGGATCGCTTGAGTCCAGGAGTTCTGGGCTGTACTGCOCTATOCC+“GATOGG 
kok kk is kk k feel kk k kik wk k kikk elaine Gide kkk kie kikk w RAR York EET E E E EE S iii 


GACTCGAAGGTTGGCAGCTT~-CTGTAATCAC~GCTTCT~GTGAGGTCTGATTOTGG~ ~GATGGCCTGAGGCTGGGA~~TCTACTGCGTAGCCGACCAGCTCATORN CGG 





GT-GTC COCACTAAGTICGGTATCAATATGGTTTTCCTGGGGGAGCCT! CGGATCACCAGGTTGOCTCTAAGGAGGGGTGAACCGGCCTAGGTCGGAAACGGAGCAGGTCAA 


clone 7L1 (ref. 3). The: sequences are Qn aneGndeeecbinidni: iobieciideiinie ow kirke On NSS AA e He A A Ae E ede k Ae e e e e de de I IIIS IR RN TI RTI 
numbered with respect to the first GT-GICCCCACTAAGTTICGGCATCAATATGGTGACCTCCCGGGAGCOGGGGACCACCAGGTTGC~CTAAGGAGGGGTGAACCGGCCCAGGTCGGAAACGGAGCAGGTCAA 
PRIEKERRERARE k k TOK kk eee wee Gain Oo eictieiciniicke kikki dei Ke RHR * 


nucleotide of the human 7SL cDNA. AACCTCCGCACTAAGCTTGCCATCAATATCGCTGCCA TGGAGGAGTCCGTGGCATTCAGGTIGG-CTAAGGAGGGATGAACCGGGCCAGGGGTGAAAACCAGCAACCAAG 
The first four nucleotides of cDNA a 
clone 7L1° are not included, because 
they are not represented in human 7SL 
RNA (E.U., unpublished observa- pe 


> Hon). Asterisks denote homology 220 i 290 


between human TLI DNA and the AACCOCCOTGCCGATCAGTAGTGGGATOGCGCCTGTGAATAGCCCGTGCAGAA-~CAGCCTGAACAACACAGCGAGACACAGT-TCT Xcleevis. 
amphibian or insect molecule, respec- BORK WAITAKI KIA AI AAT ARITA A IAEERETA IIR, OE tie oink iia k wk kik 


















; i AACTCCCGTGCTGATCAGTAGTGGGATCGCGCCTGTGAATAGCCACTGOCACTC~~CAGCC TGGGCAACATAGCEAGACCOOGTCTCT Human 
tively, Dashes are occasionally intro- % i * CREAR RAER EE TORR eee k ike Ok wink wk ee k kikk >% dkk 7 
uved to maximize homology. The AGTTCCCOTGGTAGGCAGTAGTGGGA TAGCGTACCGGAGTGG~~ACTGCCOTTATCAGCECAACCCATATGGTIGGACCACAA-TCT D.melanogaster 


ortions of the human 7SL 
Aare boxed. i 











e 5’ and 3’ ends of Xenopus and Drosophila 7SL RNA. 
enopus sequence is strikingly homologous to the human 
aver its entire length. There is only a 13% divergence and 
smatches are distributed along the entire length of the 
olecule. As these two 7SL DNAs are extremely similar, the 
arance of the Alu-like sequence in the 7SL RNA molecule 
vidently preceded the mammalian radiation in evolution. 
When the sequence of the Drosophila 7SL DNA is compared 
ith its human and amphibian counterparts, there is an ~64% 
omology; however, extended regions in the central 7SL-specific 
portion can be seen, where the sequences have been almost 
perfectly conserved. These 7SL-specific homologies may reflect 
a strong functional constraint acting on these sequences. The 
Ju-like portions of the human and insect 7SL DNA can be 
ily poorly aligned. Nonetheless, the vestiges of the mammalian 
lu-like: sequence can be recognized in the Drosophila 7SL 
NA. These results, taken together, strongly suggest that the 
lution of the Alu-like portions of 7SL RNA has taken place 
adually. No dramatic event such as the insertion of the 155-bp 
sL-specific DNA into a human Alu sequence, as originally 
ggested’, can account for the identical composite structure of 
L RNA in two lower organisms. If 7SL RNA genes were in 
ct assembled from two different types of sequences, such an 
fent must have occurred before the appearance of insects. 
‘Because the structure of 7SL RNA has been extensively con- 
served in evolution, we propose that 7SL RNA genes represent 
the ancestor of the Alu sequence and that Alu DNA arose from 
the 7SL RNA information through a deletion of the central 
78L-specific sequence. Such a deletion could have occurred 
er at the DNA level (through non-homologous recombina- 
n within or between 7SL RNA genes) or at the RNA level 
erhaps to an aberrant RNA joining or splicing event). 
he discovery of ‘processed genes’ which lack intervening 
nces and closely resemble the mature mRNA structure’, 
e finding of pseudogenes for the small nuclear RNAs 
provided evidence that RNA information can flow back 
the genome. We speculate that the prototypical Alu 
ce is a processed 7SL RNA gene. It has been observed 
he 7SL RNA molecule within SRP is very resistant to 
coccal nuclease digestion’'®. Interestingly, only three 
discrete RNA fragments are generated by limited nuclease 
nof SRP, Two fragments of 72 and 45 nucleotides span 
and. 3’ Alu-like portions, respectively, while the third 
ct of nuclease cleavage spans the entire 7SL-specific 
quence of the RNA'®. These experiments clearly indicate that 
nzyme probe can readily recognize the boundaries of the 












































bonucleoprotein particle. This finding suggests that SRP itself 
ay contain the RNA in a conformation which promotes 
sion of the 7SL-specific domain. Once this happens, the 5’ 
3 Alu-like portions could be ligated together, generating a 
uous Alu RNA. The sequence of the spliced RNA could 
en have been re-integrated into the genome. 
Several groups have proposed that processed genes could 
se from the reverse transcription of cellular RNA species, 
ollowed by integration of the cDNA into new chromosomal 
ites in germ-line DNA'*'7°. In this context, 7SL RNA was 
first discovered as a component of avian and murine retroviral 
particles’. Because retroviruses encode a reverse transcriptase 
d carry the enzyme within the virion, it is tempting to speculate 
at retroviruses are responsible for the generation of an Alu 
uence from 7SL RNA. 
Using the homologous 7SL DNAs as probes, we have searched 
he genomes of Drosophila and Xenopus for ISL RNA-related 
uiences (data not shown). We note that the Drosophila 
nome contains only two 7SL RNA genes and no other cross- 
‘bridizing sequences. In contrast, Xenopus DNA is rich in 
equences capable of cross-hybridizing to the homologous 7SL 
NA probe. Some of these sequences might represent Alu-like 
equetices, as suggested by previous studies”. It is possible that 
e excision of the Alu sequence from 7SL RNA (or DNA) may 
ave occurred several times in evolution. Once. freed of 7SL 





sequences, Alu DNA may no longer be subject to the functional 
constraints which operate on the 7SL RNA genes and thus may 
be capable of evolving independently from 7SL RNA. 
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of the manuscript. E.U. was the recipient of a long-term EMBO 
fellowship and is on leave of absence from the Istituto di Biologia 
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Erratum 


The neostriatal mosaic: compartmentalization of 
corticostriatal input and striatonigral output 
systems 


C. R. Gerfen 
Nature 311, 461-464 (1984) 


THE key was omitted from Fig. 1. A correct version appears 
below: 


doortical input LE 
striatal efferent neurones e 
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“By Daniel J. Boorstin. 





-The Discoverers: A History of Man’s Search to Know His World and Himself. 


_ Dent/Random House: 1984. Pp.768. £15, $25. 











‘DANIEL Boorstin has been Librarian of 
Congress since 1975 and his previous dozen 
books (including one Pulitzer Prize 
winner) have been on American history. 
‘The Discoyerers is his homage to the rest of 
‘the world. America and Americans are of 
course part of his story, but only a 
elatively small one. His primary focus is 
‘urope and Asia and those who have 
contributed to ‘‘man’s search to know his 
world and himself”. 
The book’s sub-title and size suggest that 
Mr Boorstin has set himself a task on the 
grand scale. A look at the volume’s four 
main sections confirms this: ‘‘Time’’; 
“The Earth and the Seas”; ‘‘Nature’’; 
n “Society”. This organization provides a 
rough chronological thrust to his narrative. 
“Time” deals with ancient calendars, 
‘seasonal reckoning and time-telling from 
antiquity to the coming of clocks and 
© Watches. John Harrison’s chronometer for 
“calculating longitude links that section 
with the next, which examines cosmology 
d- cartography, navigation and 
jloration, from long before Ptolemy to 
long after Columbus. The section on 
“Nature takes off from the Scientific 
“Revolution, when the telescope and 
“Microscope extended the range of vision, 
and makes its leisurely way through some 
“of the principal scientific disciplines of the 
“eighteenth and nineteenth centuries, such 
as taxonomy, palaeontology and 
: evolutionary biology. Finally, “Society” 
= describes a fascinating mélange of topics, 
< from printing and books to the writing of 
--history, the discovery of Troy and 
~ Keynesian economics. 
“The result is both less and more than a 
¿conventional history of science. It is less 
_ because the coverage is sometimes patchy, 
- particularly of the physical sciences after 
Newton. There is virtually nothing on 
chemistry (Lavoisier rates only one passing 
mention) and two centuries of physics are 
covered in a rather unfortunate closing 
chapter (part of ‘‘Society’’, not ‘‘Nature’’) 
in which Mr Boorstin leaves himself only a 
single page to dispense with James Clerk 
Maxwell, J.J. Thomson, Ernest 
Rutherford and Albert Einstein. 
Seventeenth-century microscopists such as 
» Leeuwenhoek and Malpighi get full 
‘treatment, but there is nothing on cell 
theory of the nineteenth century. Galen, 
fesalius, Paracelsus and Harvey 
mistakenly knighted on p. 459) get their 
i¢, but virtually no doctors after them 
pt for Freud. 
Boorstin-has therefore not given his 





























readers much that a single-volume survey 
of the history of science and scientific 
discovery should; but he has more than 
compensated for this lacuna by offering a 
great deal more. Scattered through this 
magnificent volume are unexpected themes 
and people treated with what can only be 
described as affectionate authority. The 
Jesuits and their clocks in China; Islamic 
attitudes to the printing press; the growth 
of public libraries; the discovery of 
“‘prehistory’’: these and dozens of other 
vignettes share centre stage with a 
multinational cast of unfamiliar 
characters, such as Sir Anthony Panizzi, 
Italian-born librarian of the British 
Museum; Martin Waldseemiiller, the 
German clergyman who named America; 
Chéng Ho, the eunuch Chinese navigator; 
and Lorenzo Valla, the Italian theological 
scholar. If the book contains many curious 
and delightful byways, seekers of more 
familiar discoveries and discoverers will 
not be disappointed, for individuals such 
as Copernicus and Galileo, Henry the 
Navigator and James Cook, Linnaeus and 
Darwin, are sympathetically covered. The 
level of accuracy throughout is unusually 
high in a book which covers such a vast 
terrain. A 30-page bibliographical essay 
guides the reader to the range of sources 
from which material has been drawn. 

Mr Boorstin seems particularly to enjoy 
biography, and most of the book’s 82 
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Seeing sense — base of the antenna of a male mosquito, photographed by Lennart Nilsson. The 
picture is reproduced from Nature Magnified, a collection of Nilsson’s work published by 





chapters are arranged around the 
achievements of two or three relevant 
people. This penchant for biography can’ 
be seen by the frequency with which he uses 
biographical metaphors and similes: Karl 
Marx was “ʻa latter-day Paracelsus’’, 
Paracelsus in turn was “a medical Don 
Quixote’. Newton was “the Galahad of 
the Scientific Quest’’, whereas several 
individuals (John Dalton, for example) 
were Columbuses. Boorstin has a fine eye 
for anecdote, is particularly good on word 
derivations (among them ‘‘punctual’’, 
‘travel’, “hour”, “Bible”, “‘culture’’) 
and writes always with elegance and zes 
The volume is studded with memorable 
phrases and epigrams. One such epigram, 
not directly from his pen but quoted fro 
Callimachus (305-240 Bc), head librarian. 
in Ptolemaic Alexandria, declares that. “A 
big book is a big nuisance’’. If this is true, 
The Discoverers is the exception tha 
proves the rule, for, like the Bible, this is. a 
Good Book. It is best read slowly andi 
small doses, in order to savour the richness. 
of the story. It is also best read. with an. 
historical atlas nearby, for despite the 
importance of geographical exploration 
among Boorstin’s themes, there are no: 
maps provided. Astronomical diagrams’ 
would also have helped readers grasp the 
differences between the cosmologies of the 
Babylonians, the Indians, Ptolemy and. 
Kepler. 

This book had its origins, Mr Boorstin 
tells us, in his first visit to Florence a half- 
century ago, and has been 15 years in the 
specific researching and writing. This long 
gestation has produced a splendid brain- 
child, a wise and optimistic volume which 
enlightens and entertains. Read it. cl 
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Sprung from chains 





: Struther Arnott 





Principles of Nucleic Acid Structure. 
By Wolfram Saenger. 
Springer-Verlag: 1984. Pp. 556. Pbk 
-DM 79, $29.50. 





FROM time to time one reads a book or an 
account of an experiment and wishes, with 
more pleasure than envy, that one had 

“produced it oneself. Wolfram Saenger’s 
book is such a virtuoso production: well- 
written, profusely illustrated and 
astonishingly comprehensive. In it, fact 
and hypothesis are distinguished with rare 
scrupulousness. Any serious student or 

“researcher will find it a mine of 

information. The merely curious now have 

<a guidebook with which safely to explore 
the labyrinth of DNA and RNA structural 
studies. 
«Particularly praiseworthy is the way 
‘Saenger has managed to deal thoroughly 
but interestingly with all the fundamental 
business of conformational nomenclature 
and crystallographic esoterica. He has not 
‘failed to explore the many structural 
lypotheses still twisting slowly in the wind, 
jut almost nowhere does he confuse these 
th experimentally well-founded models. 
About a third of the book is devoted to 
xploring the nature and provenance of the 
salymorphism of DNA and RNA. Any 
olymer constructed with residues as 
‘complex as nucleotides should be 
xtremely polymorphic. Even when 
restrained in plectonemically wound 
uplexes, with bases paired and stacked, 
polynucleotides have many degrees of 
tructural freedom. Yet polymorphism in 
DNA and RNA structures has been 
ersistently ignored or belittled, as a brief 
lance at history will show. 
_. Astbury’s early fibres were mixtures of 
DNA and B-DNA, but he interpreted 
their X-ray patterns in terms of a single 
allomorph with the residue repeat of 
3-DNA (0.34 nm) and the structural repeat 
yf A-DNA (2.80 nm). Then, during the 
renaissance of X-ray studies in the early 
950s, Franklin and Gosling established 
hat DNA. was at least dimorphic. 
rovocatively, they named their newer 
form A, and the form worked on earlier by 
Wilkins, B. During the long process of 
-reconciling the Watson-Crick hypothesis 
with a tangible structure, attention was 
focused on the more hydrated B form, and 
_A-DNAowas forgotten until the 1960s when 
RNA duplexes were discovered to have 
A-like structures. Despite conformational 
Similarities the A structures are quite 
polymorphic, with helix pitches ranging 
from 2.8 nm to 3.9 nm and major grooves 
of strikingly variable widths. In the 
eponymous A-DNA this groove is clenched 
shut, excluding even water molecules, 
while in the A duplexes of largest pitch the 











major groove is wide enough to 
accommodate a third polynucleotide 
chain. B-DNAs have been shown to be just 
as polymorphic with pitches ranging from 
2.4 nm to 3.6 nm. 

With Polonius-like retrospective 
wisdom one would expect the apotheosis of 
A and B polymorphism to be hetero- 
nomous duplexes in which one chain 
carries C3’-endo-puckered deoxyribose 
rings like the A structures and the other 
carries C2’-endo-puckered rings like B. 
The synthetic duplex poly d(A). poly d(T) 
indeed has such a structure. (Sadly this 
particular allomorph arrived too late to 
catch the Saenger omnibus.) 
Heteronomous duplexes, unlike 
allomorphs with identical chains, are 
highly polar. Perhaps bidirectional 
sequences on DNA in chromosomes 
function as valves or direction markers. 

Clearly the great variety of (right- 
handed) helical structures trapped in fibres 
before 1980 implies at least as great a 
variability in DNAs and RNAs in other 
milieux. Saenger’s book certainly exposes 
us to variety in the catalogue of static 
structures, but the lively world of nucleic 
acids, rich in movement, bending, 
breathing, vibrating and shimmering is 
largely unexplored. Perhaps the frisson of 
the discovery of left-handed DNA will 
emphasize the reality of polynucleotide 
variety and variability — but perhaps not! 

The possibility of left-handed poly- 
nucleotide duplexes was recognized early 
on: Maurice Wilkins explored sinister 





‘models of A- and B-DNA in the 1950s; 


later, others touted left-handedness for the 
D form of poly d(IC).poly d(iC), in hope, 
but erroneously. When a left-handed {Z} 
allomorph was eventually observed, 
ironically it indeed needed alternating 
purine-pyrimidine sequences. Z-like 
conformations have been observed with: 
d(GC),.d(GC),, d(AC),.d(GT), and 
d(As‘T),.d(As*T), but not yet with 
d(C), .d(iC), — nor with d(AT), .d(AT),. 
Depressingly, DNA is again being 
discussed in dimorphic terms; however 
now itis Band Z, not A and B! But Z-DNA 
is polymorphic too: relatively underwound 
duplexes with the peculiar dinucleotide. 
motif of Z-DNA exist with residué 
rotations of 0°, -25°, ~51° as well as the 
-60° of the first left-handed structure. 
Current X-ray structural studies focus 
on oligonucleotides in single crystals and in 
poly(oligonucleotides) in fibres. These 
structures are less regular. Whether or not: 
the excursions from regularity are related. 
to base sequences is a lively issue. More 
ambitiously —- and perhaps more wisely — 
there are increasingly successful studies of. 
DNA bound to histones and other proteins 
which will reveal specifically how. variety 
and variability in the genetic material can 
be exploited biologically. Among all its 
other riches, Saenger’s book makes us 
aware of these too. mi 


Struther Amott is Vice President for Research 
and Dean of the Graduate School at Purdue 
University, Indiana. 
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Rock and Mineral Magnetism. 

By W. O'Reilly. 

Blackie/Chapman & Hall: 1984. Pp.220. 
£19.50, $45. 





A number of texts on rock magnetism have 
appeared over the past 20 years, but there is 
still a clear need for a solid, carefully 
written book on the subject. Sadly, this 
contribution does not fit the bill. 

In general, the objective of books of this 
nature is to provide geophysicists with the 
information to be able to understand how 
the magnetic vector is produced in their 
samples. To do this it is essential first to 
understand the mineralogy, that is, the 
chemical and physical properties of the 
magnetic minerals and how these can 
change with temperature, pressure and 
chemical environment. Second, it is neces- 
sary to understand the physics — how the 
magnetic moments of individual grains 
arise, and how assemblies of such grains 
produce the resultant magnetic vector of 
the sample given the conditions of 
temperature, magnetic field, cooling rate 
and so onto which the sample was exposed. 

Dr O’ Reilly certainly meets the first of 





niversity; Hamilton, Ontario. 


these goals. There is a wealth of useful 
information on the mineralogy of magnetic 
minerals; and while it is quite difficult to 
find the desired data, the fairly complete 
index mitigates the problem to a great 
extent. 

Just as certainly, however, the book 
falls short of the second requirement: the 
mathematics is quite inadequate, with 
formulae simply being presented with no 
derivation and often supported by no- 
reference. The equations are not num- 
bered, often they are not displayed, simply 
appearing in the body of the text. Further- 
more, the author is not only selective in his 
choice of references (perhaps understand: 
ably), but much of the literature he has. 
opted to quote is oversimplified to such an 
extent that it is wrong. For example only. 
one of Neel’s famous papers is referred to, 
although these contain the basic physics 3 
and have not been superseded. ; 

Neel’s papers still form the basis for all 
rock magnetic theory. In discussing the 
physics of the subject, authors of text- 
books would be well advised to begin with 
them. And if they intend to provide an 
accurate and reliable source of information 
for the uninitiated, it: might be safer to end 
with them. Cl 
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Making a meal of 
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R.D. Martin 


Adaptations for Foraging in Nonhuman 
Primates: Contributions to an 
Organismal Biology of Prosimians, 
Monkeys, and Apes. 
‘Edited by Peter S. Rodman and John 
GAH. Cant. 
Columbia University Press: 1984, Pp.351. 
Hbk $45.50; pbk $18.50. 











For sound ecological reasons, field-studies 
< of non-human primates have increasingly 
< focused on quantitative studies of feeding 
-behaviour (taken in the widest sense). Food 
provides the energy required for all acti- 
oMities, but collection incurs a cost, par- 
ticularly in terms. of locomotor energy 
expenditure, and the overall cost-benefit 
equation is clearly of central importance in 
‘our understanding of the behavioural eco- 
logy of any species. That equation, how- 
ever, contains a large number of different 
variables and thus a wide-ranging ap- 
proach to it is necessary. 

Adaptations for Foraging in Nonhuman 
Primates, a collection of 11 chapters edited 
by Peter Rodman and John Cant, brings 
“together accounts of a variety of different 

¿aspects of primate feeding adaptations 
h this end in mind. The book is, in fact, 
the outcome of a special symposium on 
“primate ‘“‘foraging’’ held at the annual 
meeting of the American Association of 
Physical Anthropologists in 1980. 
Rodman and Cant have taken an ex- 
tremely broad view of primate feeding 
“adaptations, including a great number of 
morphological, physiological and be- 
havioural components. Clearly, an inte- 
grated approach to all of these components 
is much to be desired. This is certainly true 
with respect to evolutionary biology, and it 
is gradually being recognized that it is also 
likely to apply to behavioural ecology. 
«To take just one example, abundantly 
illustrated in the book: Kleiber’s Law 
governing the scaling of basal metabolic 
rate has far-reaching implications for mor- 
phology, physiology and behaviour, be- 
cause of its direct relevance to energy 
budgets. Complex feedback relationships 
are involved and explanatory models are 
really inadequate without some appreci- 
ation of them. In leaf-eating primates, for 
instance, the overall energy budget 
depends not only on behavioural factors, 
but also on special adaptations in mor- 
phology (such as enlargement of part of the 
digestive tract to house a flourishing gut 
_ flora) and in physiology (such as possession 
of special physiological capacities for 
¿Coping with plant secondary compounds). 
~ Indeed, it now seems likely that most or all 
; leaf-eating primates exhibit relatively low 
_ basal metabolic rates, after body size has 
aken into account, and this con- 


























BOOK REVIEWS- 
stitutes part of their overall ‘‘strategy’’. 
Some of this interdependency is neatly 
illustrated in Milton’s thoughtful chapter 
on the role of food-processing factors in 
primate food choice. 

There is, of course, a problem involved 
in taking such a wide-ranging view of the 
subject. It is all very well being presented 
with series of tasty dishes; at the end of the 
meal, digestion must be feasible. In this res- 
pect, comparisons are bound to be made 
with Primate Ecology, edited by Tim 
Clutton-Brock and published by Academic 
Press in 1977, which very effectively 
brought together the results of a score of 
good, quantitative field studies of primate 
feeding behaviour, but which devoted little 
attention to morphology, physiology or 
locomotor behaviour. 

Some of the chapters in the present 
volume are gems in their own right, either 
as useful syntheses or as accounts of new 
developments. Among the former, Kay’s 
chapter on morphological correlates of 
feeding behaviour is especially noteworthy 
in bringing together several different lines 
of (predominantly dental) evidence that 
permit quite reliable inferences to be made 
about broad dietary habits from anatom- 
ical features. This has evident benefits for 
the interpretation of primate fossils, but 
the link with energy budgets of living 
primates is somewhat tenuous. 

Of the contributions dealing with novel 
approaches, Milton’s chapter centres on a 
broad, cross-species comparison of transit 
times for food material passing through the 
gut. This adds a new dimension to studies 
of gut parameters in relation to primate 
dietary habits. Two further chapters 
examine locomotion in specific relation to 
feeding behaviour; Crompton reports ona 
study of two bushbaby species in South 
Africa, while Garber describes a study of 
Geoffroy’s tamarin in Panama. Both 
accounts are notable for their admirable 
emphasis on quantitative data and for their 
careful extraction of points for an explan- 
atory framework. Although it is argued in 
other chapters that there is no clear- re- 
lationship between diet and locomotor pat- 
terns across species, these two studies 
definitely demonstrate that locomotion is 
intimately related to food-gathering within 
species. 

A number of authors here use compari- 
sons of two species in order to investigate 


underlying relationships. The most suc- 
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twe mangabey species. His chapter is 
actually most remarkable for its careful 
cumentation of the close similarity in 
havioural ecology between the arboreal 
ingabey species (Cercocebus albigena) 
hat he studied in Uganda and the largely 
rrestrial species (C. galeritus) studied by 
therine Homewood in Kenya. Waser 
ttempts to relate the relatively limited 
ifferences between the two spesies to 
ecological differences, but it is somewhat 
lifficult to test the inferences made. This 
roblem is even more acute with other 
thapters based on a comparison between 
two. species. For instance, Temerin, 
Wheatley and Rodman attempt to analyse 
he relationship between body size and 
‘Oraging in primates by comparing Macaca 
fascicularis (the crab-eating macaque) with 
ngo pygmaeus (the orang-utan). These 
fo primates do, of course, differ in 
numerous ways, but a comparison between 
them cannot reliably reveal which of those 
differences is due to body size alone. 
Curiously, the book includes no allo- 
metric analyses other than those contained 
in Kay’s chapter; this technique has much 
ie) offer, especially in identifying body-size 
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Transcription and Translation: A 
Practical Approach. 

ited by B.D. Hames and S.J. Higgins. 
IRL Press: 1984. Pp. 328. Pbk £12, $24. 





of. the problems of compiling a 
yractical manual in molecular biology is to 
decide when to do it. The speed with which 
he subject progresses makes it difficult to 
dge when a method has progressed from 
earch topic to established procedure. 
rhaps the easiest way to identify areas 
at are ripe for such a treatment is to ask 
ether justification for use of the method 

s to be supplied with the protocol. 
By this criterion, a number of the topics 
‘overed in Hames and Higgins’s collection 
of articles were not ready for inclusion in a 
ethods handbook. The point is most 
apparent in the first half of the book, which 
‘overs eukaryotic transcription and 
translation. Extensive protocols are 
provided in an annoying tabular form but 
_ they are heavily interspersed with results 
and discussion — this is particularly true of 
the chapter on expression of DNA in 
‘mammalian cells from Spandidos and 
Wilkie, who have otherwise written an 
‘interesting and extensive review of a 

-rapidly developing field. 

- The second half of the book is devoted to 





i who compares 


nonetheless challenging chapter arguing 
that current optimal foraging models are 
generally designed for fine-grained habitat 
conditions and are therefore inadequate 
for interpretation of primate feeding 
behaviour in patchy habitats. 

Perhaps the most surprising point about 
the book as a whole is that there is no 
explicit discussion of the crucial dis- 
tinction between ‘“‘foraging’’ (the search 
for food) and ‘‘feeding’’ (actual ingestion). 
These terms are very loosely used in the 
literature and a clearing-up exercise is long 
overdue. But the book’s principal draw- 
back resides in its lack of cohesiveness; in 
the event, the meal is pretty indigestible. 
The introduction by Rodman and Cant is 
interesting in a historical sense, but theo- 
retically superficial, while the closing 
chapter by Cant and Temerin, which could 
have served to bring the key points to- 
gether, actually dissolves into a diffuse 
listing of large numbers of potential inter- 
acting variables. So although Adaptations 
for Foraging in Nonhuman Primates con- 
tains much of value in terms of individual 
chapters, it falis far short of the synthetic 
view of primate feeding adaptations that 
should one day emerge. O 


R.D. Martin is Professor of Physical 
Anthropology at University College London. 


prokaryotic transcription—translation 
systems and eukaryotic in vitro methods 
and is a useful source of protocols, albeit in 
the same unsatisfactory format. Here 
Colman contributes a helpful and 
informative account of the use of Xenopus 
oocytes for translation of nucleic acids. 
Sandwiched between the two halves is a 
chapter on the use of £. coli polymerase to 
transcribe chromatin — a field which seems 
to me, even after reading this chapter, to 
have limited intellectual justification in 
view of extensive progress in in vitro 
techniques for faithful transcription of 
DNA by eukaryotic polymerases (well 
documented here by Manley). 

It is worth comparing this volume with 
Molecular Cloning: A Laboratory 
Manual, published by Cold Spring Harbor 
Laboratory {reviewed in Nature 300, 782; 
1982). The most striking difference is that 
in the latter book each method is presented 
clearly, without detailed discussion as to 
why one would want to make, for example, 
a phage lambda library. If the editors could 
have put together a manual on 
transcription and translation in a similar 
fashion, they would have produced a very 
worthwhile publication, but it is probably a 
few more years before this can be done. As 
it is the book contains several useful 
articles, but it is not one which I would buy 
for my laboratory. However, I think I 
would borrow it! a 





Peter Little is a Staff Scientist at the Institute of 
Cancer Research, Chester Beatty Laboratories, 
London, 








Piecing it together 
John M. Charap 


The Ideas of Particle Physics: An 
Introduction for Scientists. 
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Cambridge University Press: 1984. Pp. 
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THE IDEAS of particle physics are probably - 
no more difficult than those of many other 
sciences, but they are certainly less - 
familiar. Notwithstanding the fact that the = 
discoveries of recent years together ` 
represent one of the great achievements of 
modern science, most non-physicists 
would be hard pressed to explain why there 
is such confidence in the validity of the 
“standard model’’ of electroweak and 
QCD interaction between leptons and 
quarks, still less to point beyond present 
frontiers to more or less credible 
speculation. 

There has long been a need for a book 
which would enable scientists from other. _ 
disciplines to share more fully in the» 
continuing endeavour of particle 
physicists, pursued on a grand scale and 
addressing the most fundamental question 
about the ultimate structure of matter; 
after all, the advances of the past few years 
have brought about as profound a 
revolution of our knowledge of the basic 
constituents of all matter and of their 
interactions as did the heroic work of Bohr 
and Rutherford for our understanding of 
the constitution of atoms. Dr Dodd has 
written just such a book. 

The stage is set with a brief introduction 
to the key ideas of relativistic quantum 
field theory, and the drama is allowed to 
unfold in a broadly chronological sweep. 
The mathematical demands are modest. 
Equations are used to summarize or to 
illustrate rather than to advance 
arguments. Diagrams likewise are there to 
elucidate and not to baffle, and the 
ubiquitous Feynman diagrams need hold 
no terror. The fact that there are rules 
which relate them quantitatively to 
measurable observables is mentioned but 
no such calculations are undertaken. And 
the book is bang up to date; the evidence 
for the top quark from the CERN pp 
collider is the only major post-publication 
discovery omitted. 

If you consider yourself to be reasonably 
numerate, and want to learn about quarks ~ 
and gluons, asymptotic freedom and 
colour confinement, electroweak 
unification, and W and Z bosons, Dr 
Dodd’s book is an excellent place to start. 
More important, if you want to know how 
the jig-saw puzzle seems to be falling into 
place, making sense of the plethora of 
particles, thenthisisthe booktoread. C 





John M. Charap is Professor of Theoretical 
Physics and Dean of the Faculty of Science at.” 
Queen Mary College, University of London... 








Cellular and other biologies 


Many of the major laboratory equipment manufacturers are exhibiting at the 


PRODUCT REVIEW 


current meeting of the American Society for Cell Biology. 


© Newly introduced at the American 
Society for Cell Biology Meeting, the 
Dapple Systems, Inc. Video Image 
Measurement System (VIMS) performs 
direct on-screen measurement of features 
in video images produced by a camera 
“mounted on a light or electron microscope 
of simply viewing a photograph. The video 
image and computer display are super- 
imposed on a single monitor to allow 
marking of features. Measurement modes 
include outlining the periphery of features, 
tracing lengths, or making end points. 
Extensive statistical analysis programs 
report mean and variance, find com- 
parisons between variables, and provide 
linear, log or polynominal fits. Dis- 
tribution plots of one variable as a function 
of another are useful for studying 
correlations between two variables. The 
method of DeHoff and Rhines is employed 
to obtain distributions for the case of inter- 
sections of a planar surface through a solid 
with embedded features. 

‘Circle No. 100 on Reader Service Card. 
`The Labconco RapidStill IH is a com- 
‘pact automatic steam distillation unit used 
for nitrogen/protein. determinations. 
Operation is completely automatic. After 
pressing the start button, the distillation 
process is controlled by a timer that 
determines the amount of water and 
sodium hydroxide used. One distillation 
takes less than 4 minutes. The distillation 
system automatically shuts down when the 
adjustable timer goes off. 

Circle No. 101 on Reader Service Card. 







Fold-up scissors from B-J Scientific 


® B-J Scientific Products of Albany, 
Oregon has introduced a compact, high- 
quality folding scissor called Slip-N-Snip, 
for use in the medical and scientific 
professions. These scissors are fabricated 
with stainless surgical steel blades and 
chrome-plated metal handles, and can 
actually cut through metal sheet with no 
damage to the blades. When not in use, 
‘Slip-N-Snip scissors can be easily foled up, 
with the blades completely shielded, and 
ean be carried in a pocket with complete 
safe y, unlike standard scissors. 

2 No. 102 on Reader Service Card. 















© RepliPlate is a new colony transfer pad 
for the rapid replica plating of bacterial 
colonies, from the BioProducts Depart- 
ment of Marine Colloids Division, FMC 
Corporation, Each pad is presterilized and 
ready-to-use. At least six precise replica- 
tions can be made in a matter of seconds. 
RepliPlate pads simplify multiple-colony 
replication or library screening and are 
compatible with normal aseptic laboratory 
techniques. The pads are disposable to 
ensure biohazard containment and to 
prevent cross-examination. 

Circle No. 103 on Reader Service Card. 








Eteciron micrograph of fibrillar collagen reconstituted 
from Vitrogen 100, Magnification x 30,000. 


© Vitrogen 100, the purified collagen for 
use in cell culture and biochemistry may 
now be purchased directly from Collagen 
Corporation of Palo Alto, California. 
Vitrogen 100 is a convenient, consistent 
and reproducible source of collagen which 
is economical to use. It is sterile, enzyme- 
solubilized bovine dermal collagen which 
has been extensively purified (99.9% pure), 
rigorously characterized and packaged for 
immediate use. Vitrogen 100 also elimin- 
ates problems with contaminants and 
batch-to-batch inconsistencies. 

Circle No. 104 on Reader Service Card. 

@ Pharmacia Fine Chemicals has intro- 
duced four new columns for high-perform- 
ance preparative chromatography of 
proteins with sample loadings of up to 500 
mg. The columns are based on the mono- 
disperse ion exchangers Mono Q (anion 
exchanger) and Mono S (cation exchanger) 
with bed volumes of 8ml, Mono Q HR 
10/10 and Mono S HR 10/10, or 20ml, 
Mono Q HR 16/10 and Mono S HR 16/10. 
Resolution is the same as is obtained in the 
well known columns, Mono Q HR 5/5 and 
Mono S HR 5/5, at sample loadings which 
are up to 20 times greater. Scale is direct 
with well described scaling factors which 
makes methods development straight 
forward and reliable. The columns are 
supplied for direct connection to the 
Pharmacia FPLC System. Accessories for 
hook-up to other HPLC systems are 
available. 

Circle No. 105 on Reader Service Card. 

















































® ExpertVision, a new microcomputer- 
based system from Motion Analysis: 
Corporation, allows the intricate move 
ments of everything from microscopic 
organisms to human beings to robots to be 
analysed in detail. ExpertVision. auto 
matically converts images captured o 
videotape to a form that can be quick! 
analyzed by a computer. The system use 
the video camera to capture images in real 
time. These analog video images aré then 
played into a proprietary video processor 
that digitizes the image outline and ‘inpu 
the data into a 16-bit, UNIX-based, hi 
resolution graphics workstation. The video 
processor displays the raw or processed 
images on the monitor, giving the operator 
immediate visual feedback. Once: th 
digitized image is stored on the work 
station’s 42-megabyte hard disk, Exper 
Vision’s software transforms the raw dat 
into graphic images that depict the path of 
the motion. The digitized data are th 
analysed by a 16/32-bit microprocesso 
The analysis can be displayed as numeri 
tabulated summaries, in graphic form (lin 
graphs, bar charts, and three-dimensional 
images), or both. Hard-copy output of all 
screen displays can be generated on th 
system’s printer/plotter. 

Circle NG. 106 on Reader Service Card. 


Electrophoresis for nucleic acids — American 


Bionuclear’s two new systems. 
© Designed primarily for nucleic acid’ 
analysis, the new American Bionuclear 
SHU-1000 (14 x 20cm gel dimension) and 
SHU-2000 (20 x 20 cm) are versatile 
horizontal gel electrophoresis systems. 
Both models feature sliding gates adjacent 
to the end of the gel bed for pouring 
agarose gels in the removable ultraviolet 
transparent tray or directly onto the gel 
platform. An integral cooling chamber. 
located beneath the gel bed ensures a 
constant gel temperature during runs. 
Ports on each reservoir permit recircu- 
lation of buffer to minimize changes in pH. 
or ionic strength during separations. The 
SHU-1000 and SHU-2000 feature oa 
levelling base and a choice of a wide variety 
of polycarbonate combs. 

Circle No. 107 on Reader Service Card. 
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Ideal for 
microinjection 


SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 

Singer Micromanipulators enable anyone to 
make exact movements without tremor or lost 
motion, in three dimensions, using a single 
control handle under low or high power 
magnification. 
A varied range available. All simple to operate. 
SINGER INSTRUMENT CO. LTD., 
Treborough Lodge, Roadwater, Somerset. 
Tel: Washford (0984) 40226/325 


Circle No.30 on Reader Service Card. 


SINGER 
MICROMANIPULATER 
MK Ill 
Patented 





Perfect control in 3 Dimensions from a 
single joystick. Continuous variable 
reductions to suit all magnifications. No 
after sales maintenance needed. 
Details from: 
anger Instrument Co. Ltd., 
Treborough Lodge Roadwater, 
Watchet Somerset TA23 0QL 
England. Tel. (0984) 40226 Telex: 

492 Comcab G. 
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CALL OR WRITE 
FOR 
FREE CATALOG 


— > LC SERVICES CORPORATION 
C> ) 185 New É : 
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Liposomes 


A new _ laboratory instrument 
(LIPOPREP®.GD-1) is available for the 
reproducible preparation of extremely 
homogeneous, unilamellar liposomes of 
controllable size. The instrument permits the 
simultaneous use of five different lipid 
mixtures and provides extensive versatility. 
Applications range from membrane 
reconstitution, remodelling of cellular 
functions, liposome drug delivery systems, 
microanalysis of drugs and metabolites, to 
antibody targeting, clinical diagnostic 
assays, and genetic engineering. 

For details write to: 

DIANORM.-Gerate, P.O. Box 126, D-8 
München 65, FRG 
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Teter, 


PRODUCT REVIEW 


@ Laboratory Computer Systems, Inc. 
has added statistical analysis software to its 
Micro-Plan II image analysis system. The 
software is suitable for use with the IBM 
PC or PC/XT. The Micro Plan II is a low- 
cost, tablet-oriented image analyser that 
performs measurements such as length, 
area, centre of area, form factor, feret x-y, 
and maximum diameter of two-di- 
mensional features traced on the digitizing 
tablet. The software allows the Micro-Plan 
Il user to analyse these measurements 
statistically and to create data files in 
special formats that can be used for 
publication or read by Lotus Development 
Corporation’s spreadsheet program 1-2-3. 
Circle No. 108 on Reader Service Card. 

® Cambridge Isotope Laboratories is now 
offering carbon-13 labelled standards for 
the higher chlorinated homologue of the 
dioxin series. The particular standards are 
1,2,3,4,7-pentachlorodibenzodioxin, 
1,2,3,4,7,8-hexachlorodibenzodioxin, 
1,2,3,4,7,9-heptachlorodibenzodioxin and 
1,2,3,4,6,7,8,9-octachlorodibenzodioxin. 
Each standard is completely labelled with 
carbon-13 at an enrichment level of 99% 
or greater giving a net mass spectrometric 
response of + 12 AMU. Each standard is 
supplied at a specific concentration in 
nonane solution. The unlabelled standards 
of these same isomers are also available in 
standard solutions. Stable isotope labelled 
standards are already available for 
2,3,7,8-tetrachlorodibenzodioxin and 
1,2,3,4-tetrachlorodibenzodioxin. The 
addition of the penta through octa 
standards now makes it possible to do 
accurate GC/MS analyses on the whole 
series of most important dioxin isomers. 

Circle No. 109 on Reader Service Card. 





Hoefer’s new gradient makers. 


@A recent addition to the Hoefer 
Scientific range of small gradient makers is 
a 500-ml model, the SG107S. The capacity 
of the SG107S makes it suitable for pouring 
ten or more 14 x 16 cm slab gels col- 
lectively in the Hoefer multiple casting 
chamber, the SE615. The SG107S can also 
be used for generating buffer gradients in 
column chromatography. Like the smaller 
Hoefer gradient makers, this one is made 
from sturdy acrylic. A simple-to-operate 
push-pull valve connects two cylindrical 
chambers which are mounted on a flat 
acrylic base. A side outlet port at the base 
of the mixing chamber may be connected to 
a pump to control the flow rate. Mixing is 
done on a magnetic stirrer. 

Circle No. 110 on Reader Service Card. 
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The LKB fraction collector for liquid chromatography. 


© LKB-Produkter AB of Sweden has 
developed a new fraction collector, the 
2212 HeliRac, for liquid chromatography. 
This microprocessor-controlled fraction 
collector uses circular racks. A wide range 
of tube sizes can be accommodated and 
three different collection modes (time, 
drop and pump signals) are available. Up 
to six time windows can be programmed 
for selective collection of peaks with 
known retention times. HeliRac has a rapid 
tube change time and is able to synchronize 
tube change with drop frequency to com- 
pletely eliminate drops falling between 
tubes. The instrument case and keyboard 
are leakproof and resistant to most 
common solvents. Optional steel racks and 
a safety tray are available for the collection 
of aggressive solvents. An optional flow 
diverter can be used to divert unwanted 
eluent to a separate container. The collec- 
tor can be used to control (via an interface) 
up to three pumps and three valves for 
automatic buffer changing. 

Circle No. 111 on Reader Service Card. 

@ The Packard Model 1700 sample 
processor is a programmable digital diluter 
with a wide variety of applications. The 
two modules, diluter and keyboard, 
perform functions which include pipetting, 
diluting dispensing and multiple dispens- 
ing, sample only transferring, sample 
aliquoting, serial diluting and titrating. 
The diluter is driven by a Z-80 micro- 
processor and can communicate with other 
instruments via its RS232 port found on the 
back of the instrument. The keyboard, one 
12-button keypad and four command keys, 
allow the user to communicate with the 
diluter. A touch-sensitive membrane 
overlay protects the keyboard from 
chemical spills. An eight character 
alphanumeric vacuum fluorescent disply 
shows program information, memory 
location, and error codes. The movable 
keyboard module is attached to the sample 
processor by a flexible cord and can be 
positioned for the operator’s convenience. 
The instrument will accommodate syringes 
of various sizes to maximize flexibility. The 
aspirate syringe pipettes sample or reagent, 
and the reagent syringe draws in the reagent 
that is to be dispensed. 

Circle No. 112 on Reader Service Card. 


NATURE VOL.312 8 NOVEMBER 1984 





Enzyme-linked immunosorbent assay plates can be 
washed on the Model 260 from Cambridge Technology. 


@ The Model 
Cambridge Technology, 


260 Platewasher from 
Inc. of 
Cambridge, Massachusetts is now 
available with an optional wash manifold 
that permits as many as four different wash 
fluids to be used with the instrument 
without requiring manual change of tubing 
connections. The Model 261 manifold is 
constructed of high density polyethylene. 
No lubrication is required and the materials 
are compatible with most common wash 
fluids such as water, saline, alcohols, and 
trichloracetic acid. The Model 260 
Platewasher is designed to be used with 
EIA/ELISA procedures. It is a semi- 
automated system for washing the wells of 
microtration plates. The flow to each of the 
24 wash needles is controlled individually 
and simultaneously, providing high well- 
to-well uniformity and making the unit 
much faster than manual techniques. 
Circle No. 113 on Reader Service Card. 

© Ultra-pure standards and standard 
mixtures for performing EPA 600 methods 
by gas chromatographic analysis are now 
available from Ultra Scientific. Each kit 
contains Iml of each standard required for 
the particular method plus Iml of a 
mixture. Individual standards are supplied 
in sealed Iml ampules. Standards are 
prepared in solution, ready to use and 
guaranteed to specification. No additional 
preparation or handling of these hazardous 
materials is required. Free samples of 
standard mixtures for any EPA method 
from 600 to 612 are available on request 
from Ultra Scientific. 

Circle No. 114 on Reader Service Card. 
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Ultra’s new standards. 


PRODUCT REVIEW 


@ Du Pont’s Prep Type OD cartridges for 
the automated solid phase extraction of 
lipophilic components from aqueous 
samples are designed to be used with the Du 
Pont Prep automated sample processor. 
The Type OD cartridge partitions com- 
ponents between a moving liquid phase of 
buffered aqueous sample matrix, wash 
solvent, or eluting solvent and a solid 
stationary phase of resin bed. Both 
aqueous and organic solvents may be used 
to extract lipophilic analytes from aqueous 
solutions. Each cartridge comprises a cap, 
a 4 ml extraction column, a 6 ml effluent 
cup, and 4 ml recovery cup. Du Pont also 
provides a method development guide to 
aid extraction of lipophilic analytes. 
Circle No. 115 on Reader Service Card. 





The smallest CO > electrode? 


@ The MI-720 micro-carbon dioxide 
electrode is claimed to be the smallest com- 
mercially available CO, electrode capable 
of measuring CO, in small volumes and 
droplets. Its tip with membrane attached is 
3mm in diameter and its total length is 
6.2cm. Its useful concentration range is 
10? to 10° (440 to 4.4 p.p.m.) CO,. The 
MI-720is one of a range of ‘‘small volume” 
electrodes from Contact Microelectronics, 
Inc. of Londonderry, New Hampshire. 

Circle No. 116 on Reader Service Card. 





From Houston Instruments/Bausch & Lomb, the 4500 
MicroScribe. 


@ The Series 4500 MicroScribe strip chart 
recorder from Houston Instruments is one 
of a new generation of recorders using 
microprocessor control and touch-panel 
switching. The recorder’s centralized 
liquid crystal display provides constant 
information about operating parameters as 
well as self-test messages such as ‘paper 
out’ or voltage ‘out of range’. Charts from 
the Series 4500 span a full 20 cm, at speeds 
ranging from 1 cm per hour to 60 cm per 
minute. Linearity is within 1% full scale; 
response is 0.25 seconds for full-scale. 
Circle No. 117 on Reader Service Card. 
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ADVERTISEMENTS 


If you want it tomorrow 
call us today 


01-455 9823 


JMPUTER/CALCULATORS/ PLOTTERS 


HP 11C (21C Mem Scislimline) £63.00 
HP 15C (Adv Scic/ mem) 67 storage reg. £84.00 
HP41CV (Alphanumeric sci. computer) £164.95 
HP4 1C Card reader £129.95 
HP4 1C Printer (82 143A) 252.00 
HP41CX & HP71 Printer(82162A) £295.00 
HP 16C (Hex Converter) £94.00 
HP 71 (New Computer) £410.00 


HP4 1CX (New version of CV) with ext/ 
functions/ timer) £210.00 
Complete range of HP accessories in stock 


HP BUDGET PACKS 
HP4 1CV together with card reader and 
printer 82143A. All complete to 
manufacturers spec. £520,00 


Pixy Plotter (3 pen A48 colours) 
HP 7470A (A42 Pen Plotter) 
HP 7475 (A36 Pen Plotter) 
(A3 Pen Plotter) 
SHARP (Graphics Printer/ Caic(4colour) £137.95 
SHARP 1500A Pkt. Comp. 8K Mem £147.50 
CE 158 RS232 and Cent!/f T 
CE 150 printer cass 1/f 
CE 152 Cassette 
CE 188. BK (Add on mem with own bat.) ER 0 
PC 1251 (Wallet size Computer) 
PC 1401 (Pocket Computer) sci. cal. 
CE 125 (Printer/ Tap Rec. forabove £86.50 
CE 126(Cassette/Printer)forabove £59.95 
Epson HX20 Briefcase Computer 
Epson PX8 (Portable computer) 
Epson LO 1500 (New 200 CPS printer) £885.00 
Casio PB 700 (H/Held Computer exp to 
16K) £127.00 
Casio PB300 (Computer 2K with built 
in printer) 
Casio FX 802P (222 Mems built-in 
printer £79.95 


GOODS FULLY GUARANTEED 
PRICES EXCLUDE VAT AND P&P 
Company, hospital and Government orders 
accepted by phone 
Barclaycard/ Access/ Visa accepted by phone 


EXPORT ORDERS WELCOMED 
MOUNTAINDENE 


2 COWPER ST. LONDON 


£399.00 
£799.00 
£399.00 


F 
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AUTHORS WANTED 
BY N.Y. PUBLISHER 


A well-known New York subsidy book 
publisher is searching for manuscripts 
worthy of publication. Fiction, non- 
fiction, poetry, juveniles, travel, scien- 
tific, specialized and even controversial 
subjects will be considered. If you have 
a book-length manuscript ready for pub- 
lication (or are still working on it), 
would like more information and a 
booklet, please write: 


Vantage Press, Dept. D-69 
516 W, 34th St., New York, N.Y. 10001 


Circle No.34 on Reader Service Card. 


COMMON SENSE AND 
HUMOUR IN PHYSICS 


2xe* OK? 


Leonard Parish 


This amateur Scientist takes an 


irreverent but well argued view of 
various scientific theories, especially 
that of Einstein's Relativity. A book to 
make you think, question and smile. 





£9.75 


Hardback, 222pp, ISBN 0 904376 241 


Also by the same author 

The Logical Flaws of Einstein's Relativity 
Hardback. 180pp, ISBN 0 904378 03 9 £6.50 
The Theory of Cosmic Aberration : 
Sottbeck. 52pp. ISBN 0 904378 11 xX £3.50 

Obtainable trom booksellers or trom the Publishers 

Cortney Publications, 95-115 Windmill Road, Luton, 
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Kimble’s disposable glass centrifuge tubes. 
® Kimble disposable borosilicate glass 
centrifuge tubes combine the advantages of 
glass and the economy of disposables. 
Borosilicate glass gives superior chemical 
durability over plastic, even with pH sensi- 
tive solutions and organic solvents. These 
tubes have standard GPI threads and are 
available in 5ml, 10ml, and 15ml sizes. 
Each size fits standard centrifuge cups and 
can withstand a centrifuge speed of 
3,000RCF. 

Circle No. 118 on Reader Service Card. 

@ A new restriction enzyme, Asp718, is 
now available exclusively from Boehringer 
Mannheim Biochemicals. This enzyme 
recognizes the same sequence as Kpnl, 
GGTACC, but produces 5’ protruding 
cohesive ends, instead of the 3° ends 
produced by Kpn 1. This enzyme has one 
recognition site in simian virus 40 DNA, 
but no sites in pBR322 or 328 DNA. 
Circle No. 119 on Reader Service Card. 

@ Spectra-Physics’ new liquid chromato- 
graphy sampling system, the SP8780XR 
automatic sampler, is a stand-alone 
module which automates any modular 
liquid chromatography system, while also 
providing fully integrated operation with 
other Spectra-Physics LC modules. 
Control and communication are provided 
via the company’s local area network, 
LABNET, RS-232-C, and contact closure 
circuits, A novel feature of the SP8780XR 
is the ability to use bar code labels on each 
individual sample vial. The bar codes 
provide each vial with a unique 
identification to aid in sample tracking and 
eliminate errors in tray loading. The code 
also carries analysis file information for 
each vial, thereby automating instrument 
setup in LABNET systems. 

Circle No. 120 on Reader Service Card. 

@ A new bench-top liquid scintillation 
counter from Beckman, the LS1801, is a 
three-channel system featuring a rack 
sample changer that will accommodate 
either standard vials (336 samples) or 
miniature vials (648 samples). Beckman’s 
Versa-Rack sample changer allows both 
types of vial to be used in the same 
instrument without the need for adapters. 
An exclusive feature on Beckman counters 
is the Horrocks number method of quench 
monitoring. One quench curve generated 
using H number will provide accurate 
results, regardless of the volume of sample, 
type or vial or choice of cocktail. The LS 
1801 can carry out microvolume counting 
with a sample/cocktail volume as low as 
200 ul, thus cutting consumable costs. 
Circle No. 121 on Reader Service Card. 


PRODUCT REVIEW 


@ Intended for use with the Flow Titertek 
8- or 12-nozzle pipettors, the new Ejector 
Bars produced by Robbins Scientific 
guarantee ejection of every tip, every time. 
Made of durable, solid aluminium, they 
can be attached quickly and easily to 
Titertek pipettors. They replace existing 
bars with no pipettor modification required. 
Circle No. 122 on Reader Service Card. 

© Normal- and reverse-phase silica media 
for liquid chromatography have been 
added to the Amicon Corporation range. 
Matrex silica chromatographic media are 
available in a wide range of particle sizes, 
with pore sizes ranging from 60 to 250 A. 
All may be ordered with C18 or C8 func- 
tionality for reverse-phase applications. 
Equivalent capacity and selectivity factors 
for all particle sizes are especially valuable 
for direct scale-up to large preparative 
applications, avoiding the necessity of 
method redevelopment. 

Circle No. 123 on Reader Service Card. 





Spartan filters for use with syringes. 


© The Schleicher & Schuell Spartan filtra- 
tion system, a series of three syringe filters, 
allows fast, convenient filtration of small 
volumes when preparing individual HPLC 
samples. The pre-assembled, disposable 
syringe filters minimize sample hold-up 
volumes, save time, and eliminate cross- 
contamination. The chemically resistant 
microfilters effectively remove sample and 
solvent contaminants which can cause er- 
roneous HPLC readings or damage col- 
umns, valves or pumps. The filters are de- 
signed with a Luer-lock fitting to securely 
fasten the unit onto the syringe. The 
Spartan-3 all-nylon filter handles volumes 
of less than 1 ml with a design that ensures 
extremely high recovery rates. The S&S 
nylon-66 membrance of 3-mm diameter is 
secured in a nylon housing. Suitable for 
aqueous and most organic filtrations, 
Spartan-3 can be specified in pore sizes of 
0.2, 0.45 or 5.0 ym. Spartan-25, designed 
for volumes of 1 to 50 ml, offers the 
‘‘universal’’ filtration capability of a 
nylon-66 membrane in a polypropylene 
housing. The 25-mm-diameter microfilter 
completely filters aqueous and most or- 
ganic samples. Pore sizes are 0.2, 0.45 or 
5.0 um. Spartan-T is disigned for filtering 
acids or harsh organic solvents that are not 
compatible with nylon. The chemically re- 
sistant, hydrophobic filter unit handles 
volumes up to 50 ml. Its 0.45-an Teflon 
membrance of 30-mm diameter is housed 
in a rugged polypropylene holder. 

Circle No. 124 on Reader Service Card. 
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@ The 1984 Product Reference Guide 
from Pharmacia P-L Biochemicals, which 
lists products for biochemistry and mole- 
cular biology, is now available. The guide is 
divided into sections based on product 
categories which include: Enzymes, Restric- 
tion nucleases, Nucleic acids for molecular 
biology, Polynucleotides, Nucleotides, 
Coenzymes, Affinity chromatography, 
Antibiotics, Buffers, Carbohydrates, Im- 
munologicals, Lectins, Lipids and Phorbol 
esters. 

Circle No. 125 on Reader Service Card. 

© New from BBL is an inorganic iodine 
stain product to improve Gram staining. 
The new iodine offers an alternative to 
breakage of glass ampules to prepare a 
working iodine solution. The BBL Gram’s 
iodine with concentrate is packaged in 
component sets containing four 250-ml 
polypropylene bottles of diluent with four 
25-ml bottles of iodine concentrate. As 
with other BBL Gram stain reagents, the 
new product features a flip-top cap, com- 
pact tray/work station and stain resistant 
labels. The two bottles mix readily to pre- 
pare the working iodine solution. The cur- 
rent BBL stabilized PVP iodine products 
(in kits, sets or gallon form) are still avail- 
able to microbiologists who prefer the eli- 
mination of the working solution prepara- 
tion step and a longer stability. 

Circle No. 126 on Reader Service Card. 

® Oligonucleotide hybridization probes 
of extremely high specific activity have 
been used successfully to detect many dif- 
ferent genes by hybridization analysis. A 
new technical information bulletin (Bul- 
letin T-1588) from Beckman Instruments, 
Inc. shows how to use the Model 170 radio- 
isotope detector to automate the sample 
handling of the preparation of labelled 
oligonucleotides to minimize radiation 
exposure. The detector can be used for 
desalting labelled oligonucleotides, 
minimizing the exposure to large amounts 
of radiation and providing analog records 
of the run in addition to integration data 
that enables easy calculation of the specific 
activity. 

Circle No. 127 on Reader Service Card. 

@ A new addition to Vector Laboratories 
biotin/avidin system line of products is the 
amplifying agent biotinylated anti-avidin 
D. This molecule is capable of binding to 
avidin D via its biotin residues as well as 
through conventional antibody-antigen 
interactions. The potential for multiple- 
site binding appears to provide this anti- 
body with unusual characteristics. When 
used in conjunction with flourescent or 
enzyme-conjugated avidin D, a large am- 
plification of the primary signal can be 
achieved. This reagent can be used with 
biotinylated DNA hybridization probes, 
hormones, toxins, antibodies or lectins to 
enhance the desired signal. 

Circle No. 128 on Reader Service Card. 
These notes are based on information provided 
by the manufacturers. For further details circle 
the appropriate numbers on the Reader Service 
Card bound inside the journal. 
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Awards 
Twenty-nine research fellowships have 
been awarded under the European Science 
Exchange Programme as follows: Ms 
Victoria J. Allan, Department of Biology, 
University of York, to spend one year from 
February 1985 at the European Molecular 
Biology Laboratory, Heidelberg, Federal 
Republic of Germany; Mr Hesh Bidd, 
School of Chemistry, University of Bristol, 
to spend one year from January 1985 at the 
Institut de Chimie, Université Louis 
Pasteur. de Strasbourg, France; Mr 
Alexander W. Blayney, University 
Hospital of Wales, Cardiff, to spend one 
year ftom January 1985 at the department 
-of otolaryngology, University of 
Bordeaux, France; Mr David H. Burgess, 
“School of Mathematical Sciences, Queen 
bs Mary College, London, to spend one year 
from. January 1985 at the section 
-@astrophysique, Observatoire de Paris, 
Meudon, France; Mr I. Colin G. 
Campbell, Department of Mathematics, 
King’s College, London, to spend one year 
from January 1985 at the Institute of 
Theoretical Physics, University of 
Stockholm, Sweden; Mr David B. 
Carpenter, Department’ of Physics, 
University of Edinburgh, to spend nine 
months from January 1985 at the 
Deutsches Elektronen-Synchrotron, 
‘Hamburg, Federal Republic of Germany; 
er Carr, Department of 
Chemistry, University of 
‘Bristol; to spend one year from January 
1985 at the Department of Inorganic 
Chemistry, Royal Institute of Technology, 
Stockholm, Sweden; Mr Christopher L. 
‘Clayton, Department of Applied Biology, 
University of Wales Institute of Science 
and Technology (UWIST), Cardiff, to 
spend one year from January 1985 at the 
Department of Medical Biochemistry, 
University of Geneva, Switzerland; Miss 
Margaret E. Collins, Department of 
Botany and Microbiology, University 
College, Cardiff, to spend one year from 
January 1985 at the Institut de Génétique 
Moléculaire, Centre National de la 
Recherche Scientifique, Gif-sur-Yvette, 
France: Mr George M. Coupland, 
Department. of Molecular Biology, 
University of Edinburgh to spend one year 
from January 1985 at the Institut für 
Genetik, University of Cologne, Federal 
Republic of. Germany; Mr Irwin B. 
Davidson, MRC. Institute of Virology, 
University of Glasgow, to spend one year 
from March 1985 at the Laboratoire de 
Génétique moléculaire des Eucaryotes, 
Centre National de la Recherche 
Scientifique, Strasbourg, France; Mr 
‘Christopher S. Durbin, School of 
Geography, University of Manchester, to 
spend one year from July or September 
1985 at the Laboratoire de 
Geomorphologie, Université Libre de 
- Bruxelles, Belgium; Mr John L. Edwards, 
‘School of Chemistry, University of Bristol, 
“to spendo one ie year from m January 1985 at the 
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Collége de France; Paris, Francis; Dr 
Catherine W. Gill, Marine Science 
Laboratories, University College of North 
Wales, Menai Bridge, to spend one year 
from October 1984 at the Station Marine de 
Roscoff, France; Mr David R. Greaves, 
Biophysics Department, King’s College, 
London, to spend one year from January 
1985 at the Netherlands Cancer Institute, 
Amsterdam, the Netherlands; Miss Kim E. 
Hammond, School of Biological Sciences, 
University of East Anglia, Norwich, to 
spend one year from January 1985 at the 
department of phytopathology, 
Agricultural University, Wageningen, the 
Netherlands; Dr Barbara J. Hart, 
Department of Zoology, University of 
Glasgow, to spend one year from 
September 1984 at the Institut Royal des 
Sciences Naturelles de Belgique, Brussels; 
Miss Elaine J. Hughson, Department of 
Haematology, Royal Hallamshire 
Hospital, Sheffield, to spend one year 
from October 1984 at the European 
Molecular Biology Laboratory, 
Heidelberg, Federal Republic of Germany; 
Mr Benjamin P. Jeffryes, Mathematical 
Institute, University of Oxford, to spend 
one year from January 1985 at the Max 
Planck Institute for Physics and Astro- 
physics, Munich, Federal Republic of 
Germany; Dr Deborah J. Jones, 
Department of Chemistry, University of 
Southampton, to spend one year from 
1 October 1984 at the Laboratoire des 
Acides Mineraux, Université des Sciences 
et Technique du Languedoc, Montpellier, 
France; Dr Peter J. McDonald, 
Department of Physics, University of 
Nottingham, to spend one year from 
January 1985 at the Service de Physique du 
Solide et de Resonance Magnetique, 
Saclay, France; Dr Janice G. Mather, 


Department of Zoology, University of 


Manchester, to spend one year from 
Cctober 1984 at the Institute of Zoology 
and Zoophysiology, University of Aarhus, 
Denmark; Mr Ronald A. Milligan, Depart- 
ment of Structural Biology, Stanford Univer- 
sity School of Medicine, California, USA, to 
spend one year from April 1985 at the 
European Molecular Biology Laboratory, 
Heidelberg, Federal Republic of Germany; 
Dr Jonathan Mitchley, Botany School, 
University of Cambridge, to spend one 
year from January 1985 at the Department 
of Plant Ecology, University of Utrecht, 
the Netherlands; Mr Michael J. Morris, 
School of Chemistry, University of Bristol, 
to spend one year from January 1985 at the 
Institut de Chimie, Université Louis 
Pasteur, Strasbourg, France; Mr Mark A. 
Riley, Department of Physics, University 
of Liverpool, to spend one year from 
October 1984 at the Niels Bohr Institute, 
University of Copenhagen, Denmark; Mr 
Andrew Robinsen; Department of 
Astronomy, University of Manchester, to 
spend one year from January 1985 at the 
European Southern Observatory, 
Garching bei Miinchen, Federal Republic 
































































of Germany; Mr Robin G. Stuart 
Clarendon Laboratory, University © 
Oxford, to spend one year from May 1985. 
at the theory division, CERN, Geneva; 
Switzerland; Dr Simon G. Webster, Schoo 
of Animal Biology, University College of 
North Wales, Bangor, to spend one year: 
from October 1984 at the Institut. fiir 
Zoophysiologie, Rheinische Fredrich 
Wilhelms-Universitét, Bonn, Federa 
Republic of Germany. : 
The Royal Society of Chemistry -he 
announced a cycle of new awards- for 
British and Commonwealth citizen 
sponsored by various industrial 
companies; separate prizes are available to 
scientists working in the fields of: 
Analytical Separation Methods; Chemical 
Analysis and Instrumentation; Chemical. 
Education; Health Safety or Environ-: 
mental Chemistry; Hydrocarbon Oxi 
dation Chemistry; Main Group Elemen 
Chemistry; Natural Product Chemistry; 
Organic Reaction Mechanisms; Solids and 
Materials Processing; Spectroscopy 
Structural Chemistry; and Thermodynam- 
ics. Awards will be available for a different: 
range of subjects in subsequent years, 
Further details from Mrs Y.A. Fish, The 
Royal Society of Chemistry, Burlington” 
House, London WIV OBN, UK. 
The first in a series of scientific research 
funding awards, worth over £380,000'a_ 
year has been announced by the Wellcome: 
Trust, Britain’s largest medical charity, in: 
association with the Royal Australasian: 
College of Physicians. The first two. 
Australian Wellcome Senior Research 
Fellows will be Dr. David Healy of the’ 
Prince Henry’s Hospital, Melbourne, who 
will work on hormone activity in pregnancy 
during his studies on endocrinology :i 
obsterics and gynaecology, and Dr Keryn 
Williams who will be investigating the” 
problems of rejection in corneal 
transplants at Flinders University, 
Adelaide. 
To celebrate one hundred years of publi- 
cation of Bailliére’s Clinical 
Pharmacology, Bailliére Tindall is: 
sponsoring an essay competition for 
medical and pharmacy undergraduates. 
There is a first prize of $1,000 and two 
second prizes of $500; further informatio! 
is available from The Editorial Director, 
Bailliére Tindall, 1 St Anne’s Road, 
Eastbourne, East Sussex BN21 3UN, UK 
The Royal Swedish Academy of Sciences 
has awarded the Crafoord Prize for: 
ecological research to Professor Danie: 
H. Janzen, a Professor at the University o 
Pennsylvania, USA, for his studies on co- 
evolution. 

A major European Conservation Award“ 
scheme has been announced by the Ford 
Motor Company, operating in eight 
European countries: Austria, Holland, . 
Belgium, Italy, Spain, Switzerland, 
France, and the United Kingdom. Total 
funds exceed $100,000 and projects can be 
submitted in up to six different categories 








‘inchiding rural, urban and heritage 
conservation. Further information can be 
obtained from The Conservation 
Foundation, lla West Halkin Street, 
“London, SWIX 8JL, UK. 


~The International Agency for Research on 
Cancer is inviting applications for its 
Training Fellowships and a Visiting 
“Scientist Award for 1985/86. Further 
details obtainable from the Chairman of 
the Fellowships Selection Committee, 
International Agency for Research on 
Cancer, 150 Courts Albert-Thomas, 69372 
Lyon Cedex 08, France. 


~ Pool Bioanalysis Italiana, is inviting entries 
“of scientific papers on environmental 
“microbiology in their first international 
competition; the prize is one week’s 

holiday in Rome. Any paper in which SAS, 
SAS Compact or MTM-3 air samplers have 
been used is acceptable. For further details 
< write to “P.B.I”, Ist International Com- 
petition, Via Novara 89, 20153 Milano, 
“= Ttaly. 


Nominations are now open for the 1985 

Lita Annenberg Hazen Awards for 
“Excellence in Clinical Research, the 
purpose of which is to encourage in- 
“greased participation in clinical research by 
physicians. Prizes amounting to $100,000 
are available and further details can be 
obtained from James F. Glenn, M.D., 
President, The Mount Sinai Medical 
Centre, Chairman, The Lita Annenberg 
Hazen Awards Program, 1 Gustave L. 
~Levy Place, New York, New York 10029, 
USA. 


. The Smithsonian Institution award post- 
doctoral, predoctoral and graduate reseach 
© fellowships in the fields of inter alia, the 
= History of Science and Technology, Earth 
» Sciences, Anthropology, and Biological 
Sciences. For details and application forms 
“contact the Office of Fellowships and 
Grants, Desk J, 3300 L'Enfant Plaza, 
: Smithsonian Institution, Washington, 
D.C. 20560, USA. 


Appointments 
Dr Denver Hall has been appointed to the 
Unilever Chair in Colloid and Surface 
Chemistry at the University of Salford. 
ofessor Barry R. Jennings of the 
ersity of Brunel has been appointed as 
e new Professor of Physics at the 
niversity of Reading. 


Meetings 
_ November, Meeting on the Use of 
iysical and Analytical Techniques in 
rugs Research, London (Conference 
retariat, Society of Chemical Industry, 
“14 Belgrave Square, London SWIX 8PS, 

UK). 

22-23 November, Clonal Evolution of 
Tumours, British Association for Cancer 
Research/Royal Society of Medicine Joint 
Winter Meeting, London (Barbara Cavilla, 
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BACR, c/o Institute of Biology, 20 
Queensberry Place, London SW7 2DZ, 
UK). 

29 November, One Day Symposium on 
Food Production and Our Rural Environ- 
ment — The Way Ahead, London (Centre 
for Agricultural Strategy, University of 
Reading, 1 Early Gate, Reading RG6 2AT, 
UK). 

4-6 December, 8th International Online 
Information Meeting, London (Learned 
Information (Europe) Ltd, Besselsleigh 
Road, Abingdon, Oxford OX13 6LG, UK). 
25 February-| March, 36th Pittsburgh 
Conference and Exposition on Analytical 
Chemistry and Applied Spectroscopy, 
New Orleans, USA (Mr David R. Weill HI, 
437 Donald Road, Pittsburgh, 
Pennsylvania 15235, USA). 

25 February-1 March, International Con- 
ference on Climatic, Biotic and Human 
Interactions in the Humid Tropics, Sao 
Jose dos Campos, Brazil (Mr Walter 
Shearer, Senior Programme Officer, 
Development Studies Division, The United 
Nations University, Toho Seimei Building, 
15-1, Shibuya 2-chome, Shibuya-ku, 
Tokyo 150, Japan). 

25-28 March, 2nd Conference of the 
International Association for Breast 
Cancer Research, London (Dr Marvin 
Rich, AMC, Cancer Research Center, 6401 
West Colfax Avenue, Lakewood, 
Colorado 80214, USA). 

1-4 April, 3rd International Meeting on 
Low Temperature Microscopy and Bio- 
logical Analysis Cambridge, UK (The 
Administrator, Royal Microscopical 
Society, 37/38 St. Clements, Oxford OX4 
1AJ, UK). 

3-4 April, 21st Annual Meeting of the 
National Council on Radiation Protection 
and Measurements, Washington D.C., 
USA (Mr Roger Ney, NRCP, 7910 Wood- 
mont Avenue, Suite 1016, Betheseda, 
Maryland 20814, USA). 

10-12 April, International Symposium on 
Chemistry and Physics of Baking: 
Materials, Processes and Products, Sutton 
Bonington, Leicestershire, UK (Mr J.M.V. 
Blanshard, Department of Applied 
Biochemistry and Food Science, The 
University of Nottingham, School of 
Agriculture, Sutton Bonington, 
Loughborough, LE12 SRD, UK). 

16-18 April, International Symposium on 
the Impact of Biotechnology on 
Diagnostics, Rome, Italy (Organizing 
Secretariat, Fondazione Giovanni 
Lorenzi, Via Montenapoleone 23, Milan, 
Italy). 

16-18 April, Conference on Advanced 
Computational Techniques fer 
Information Retrieval, Oxford, UK (The 
Association for Information Management, 
3 Belgrave Square, London SWIX 8PL, 
UK). 

23-24 April, Meeting on Material 
Properties and Stress Analysis in Bio- 
mechanics, Brunel University, UK (The 
Institute of Physics, Meetings Office, 47 


‘Belgrave Square, London SW1 8QX, UK). 
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27 April-2 May, Congress on Laboratory 
Medecine, Hamburg, FRG (Dr O. Fenner, 
Organizing Committee, Kongress für- 
Laboratoriumsmedezin, Hamburg Messe: 
und Congress GMBH, Ausstellungsab- 
teilung, Postfach 30 24 80, D-2000 
Hamburg 36, FRG). 

28 April-1 May, International Conference 
on Arctic Water Pollution Research: 
Applications of Science and Technology, 
Yellowknife, Northwest Territories, 
Canada (Conference Services Office, 
National Research Council of Canada, 
Montreal Road Laboratories, Ottawa KIA 
OR6, Canada). 

28 April-4 May, 21st EUCHEM Confer- 
ence on Stereochemistry, Biirgenstock, 
Switzerland (Professor M. Julia, Labora- 
toire de Chimie, E.N.S,, 24 rue ’homond, 
75231 Paris Cedex-05, France). 

29 April-2 May, 23rd International 
Magnetics Conference, St. Paul, 
Minnesota, USA (Mr J.A. Nyenhuis, 
School of Electrical Engineering, Purdue 
University, West Lafayette, Indiana 
47907, USA). 

30 April-3 May, Conference on Computer 
Aided Production Management, 
Wembley, Middlesex, UK (The Manager 
— Conferences and Exhibitions, The 
Institution of Production Engineers, 
Rochester House, 66 Little Ealing Lane, 
London W5 4XX, UK). 

7 May, 37th International Symposium on 
Crop Protection, Ghent, Belgium (The 
Secretary, Faculteit Van de Landbouw- 
wetenschapen, Rijksuniversiteit, Coupure 
Links, B-9000 Gent, Belgium). 

9-10 May, International Symposium on 
Thyroid Function Tests, [le de Bendor, 
France (The Secretariat, Laboratoire des 
Hormones Proteiques, Faculté de 
Médecine, F-13385 Marseille Cedex 5, 
France). 

21-23 May, Biotech 85 Europe, Geneva, 
Switzerland (Online Conferences Ltd, 
Pinner Green House, Pinner, Middlesex, 
HAS 2AE, UK). 

21-23 May, 7th Annual Symposium 
on Safeguards and Nuclear Material 
Management Liége, Belgium (Mr 
L. Stanchi, CEE-JRC, 1-21020 Ispra 
Varese, Italy). 

22-24 May, International Congress on 
Tissue Integration in Oral and Maxillo- 
Facial Reconstruction, Brussels, Belgium 
(Dr D. van Steenberghe, Faculty of Medi- 
cine, Catholic University Leuven, Kapucij- 
nenvoer 7, B-3000 Leuven, Belgium. 

3-7 June, International Symposium on 
Vaccines and Vaccinations, Paris, France 
(Secretariat, Symposium on Vaccine and 
Vaccinations 1985, Institut Pasteur, 28 
Rue du Docteur Roux — 75724 Paris Cedex 
15, France). 

4-6 June, International Seminar on 
Electronics and Traffic on Major Roads, 
Paris, France (Secretariat of the Seminar 
on Electronics and Traffic, European 
Conference of Ministers of Transport, 19 
rue de Franqueville, 75775 Paris Cedex 16, 


France). 


na 
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What will happen to UNESCO? 
The British Government seems about to follow the United States into resignation from UNES -OQ 
That will not be the end of the world (or even of UNESCO). 


THE next. few weeks will decide whether the UN Educational, 
_ Scientific and Cultural Organization (UNESCO) will survive in its 
< present shape into the 1990s. And the outlook is far from bright. 
There now seems very little chance that the United States will go 
_ back on its decision of a year ago to pull out six weeks from now. 
The State Department’s demand that the UNESCO. admini- 
tration should: mend its ways has been partly met, but not 
- sufficiently to persuade a president temperamentally biased 
_ towards withdrawal to change his mind. And there seems to be a 
“strong constituency, among UNESCO’s users in the United 
States, that last year’s decision should be unscrambled (see 
p.300). 
UNESCO’s problem of managing without a quarter of its 
“budget has now been further complicated by the chance that the 
United Kingdom will also, in the next few weeks, give notice of 
withdrawal. Such a decision, on the cards since the stern letter to 
UNESCO from the British government earlier in the year, has 
been made more likely by the tightness of the budget on which the 
Foreign and Commonwealth Office will have to live in the next 
“three years. Even UNESCO’s supporters in Britain, those who 






ntinued membership: of:an organization from which with- 
< drawal is bound to give widespread offence, will think differently 
‘when they recognize that the UNESCO subscription can be paid 
only at the expense of other useful activities — those of the British 
Council (the United Kingdom’s own UNESCO), of the overseas 
broadcasts of the British Broadcasting Corporation or of direct 
foreign aid (for example to Ethiopia). So it is likely that the British 
government, anxious to clear its collective desk before the end of 
the year, will write a letter giving notice of withdrawal, put it in the 
mail and hope that the fuss will be dissipated during the coming 
holidays. 
. But what fuss? The obvious risks of withdrawal from 
¿UNESCO are political. To pull out of one UN organization is to 
put membership of all others in doubt, inviting the complaint that 
- loyalty to international causes has been undermined, Because 
UNESCO has become widely regarded by the governments of 
developing countries as one of the chief vehicles for the transfer of 
the skills of advanced societies to those that lack them, those that 
withdraw will run the further risk of being thought indifferent to 
the cause of development. And because the row within UNESCO 
‘has been closely linked with personal criticism of the present 
director general, Mr Amadou-Mahtar M’Bow, enthusiastically 
the choice of the non-aligned countries on his appointment ten 
years ago, pulling out is bound to seem a slap in the face to those 
who voted for him in the first place. 


Justification 


The United States government is better able to meet these 
complaints head on than is the British; it can always point to the 
scale of its financial contributions to international organizations 





Science in the Soviet Union 
THE special issue of Nature surveying science in the Soviet Union 
hasbeen delayed until next month. m 











„arguments that have dominated its general assemblies in rec: 





have held that £5 million a year is a small price to pay for”, 
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of all kinds, the International Monetary Fund and the Wo 
Bank as well as the United Nations system. The ‘Bri 
government has less to boast about, and is politically involve 
with many of UNESCO’s fondest friends through the mach 
of the British Commonwealth. If Britain does in the en 
withdraw, it had better pay close attention to the way in whi i 
decision is justified. 
Many of the complaints against UNESCO in the past. several 
years are beside the point. Both the US and British govern 
say that UNESCO, with its remit to consider matters educational 
scientific and cultural, should not be caught up in the political 


years, But that is to ask too much. An organization whose term: 
of reference give it a proper interest in the care of the cultural. 
heritage (and which has done valuable work in safeguarding the 
monuments along the Nile) cannot, for example, avoid also givi 
Greece an opportunity for attacking the British governm 
because the Elgin marbles, which once adorned the Parthenon 
are still on show in the British Museum. Similarly, it has from'th 
start been inevitable that UNESCO should have been a bat 
ground for conflicting interests over issues such as the co! 
copyright on publications (and the 1971 Paris amendment to th 
Berne Convention on copyright is both a feather in UNESCO’ 
cap and a considerable victory for developing countries: withi 
UNESCO). 
Given UNESCO’s membership and constitution, such issues ` 
have been unavoidable from the start. Even Mr M’Bow’s “new 
information order”, a set of proposals whose immediate effects. 
on. the international news gathering agencies would have been 
disastrous, and which would also have legitimized the ambition: 
of governments to control what is said about them, was a pro 
question for UNESCO to consider. The complaint agains 
UNESCO, and its management in particular, is that it seems not. 
to have wished to lift a finger to avoid irreconcilable conflicts 
these issues. Indeed, it has often seemed to relish them. 


Blame 
For this state of affairs, the developing countries must shoulder 
substantial part of the blame. UNESCO is not by its constitutiona 
supranational authority whose decisions are binding .on. its 
members, but rather a forum in which countries with something 
that others want may be persuaded to offer it. This is whi 
happened with the revision of copyright protection, a 
international convention in whose negotiation UNESCO acted 
a midwife, by which goverments of developing countries w 
given limited rights to use educational materials if the.origin 
publishers are unable or unwilling to make them available Th 
difficulty that has arisen in the past few years is that the pri 
of one government, one vote, has gone to the heads of a majori 
of the membership. Arguments about issues such as the ne 
information order are one thing (and should be tolerable), 
proposals to spend a substantial part of communal funds supplic 
chiefly by those opposed to the proposal are another. One of th 
changes at UNESCO for which the United States has been 
pushing in the past year is the replacement of the present votin 
procedure by one in which those who pay the most have the most: 
influence, but that would have been a cosmetic device for buryin: 
conflict, not for creating the atmosphere of consensus. withot 





which any. communal fund must be misspent. 

“But why has the management allowed things to come to sucha 
“pass? That is a question that may always be fairly asked when a 
¿ voluntary organization is in danger of being torn apart by internal 
_ conflicts. The usual answer is that the management has failed to 
spot trouble coming, and to head it off. That complaint 

unquestionably applies to UNESCO’s management in the past 
few years. Mr M’Bow has been most often criticized, during 
“UNESCO's troubled two years, for his tolerance of inefficiency, 
for his dictatorial ways with UNESCO’s staff, for nepotism and 
because of his undoubted vanity. But the failing that matters is 
that he has not been able, or has not chosen, to function as the 
‘diplomat an organization such as UNESCO needs. Whatever 
members depart from UNESCO in the next few weeks, there is the 
-strongest possible reason why Mr M’Bow should also quit — or be 
¿asked to go. UNESCO will be a substantial organization even if 
Britain follows the United States (and is followed by other 
members) into the cold. Especially with a shrunken budget, there 
~ is the strongest reason why UNESCO should be managed well. 
` Inevitably, it goes against the grain for governments wedded to 
the doctrine that it is injudicious (to say the least) to attack people 
and not policies to tell Mr M'Bow outright that he is an 
encumbrance to the organization he purports to head. Even so, itis 
, mystifying that Mr George Shultz, when giving notice a year ago 
of the United States’ intentions to withdraw, should have gone 
< out of his way to emphasize that Mr M’Bow’s misfortune is that 
< be happens to have led UNESCO from a state of inconspicuous 
‘mediocrity to one of conspicuous failure. He would have been 
better served if the member governments now bent on 
< withdrawing had told him sooner, and to his face, what they were 
always eager to tell others privately. He may now fairly complain 
“that he was set up. But he has been a failure nevertheless. 
By now, the principles on which reform should be sought are 
plain. Since it began, UNESCO has been wrongly organized for 
what it is now hoping to accomplish, the spending of a relatively 
modest $200 million a year on good works scattered about the 
urface of the Earth. In effect, it is a modestly-sized charitable 
foundation whose terms of reference are international, but it is 
organized not for spending money efficiently but as if it were the 
kernel of an evolving academy of all the talents. The result is that 
the members of its staff are never sure whether they have been 
“appointed in their capacity as scholars or as people who can 
«channel funds to others who will be productive. And there are too 
“many of them, by any set of job-descriptions, perhaps by an order 
of magnitude. It is laughably outrageous that UNESCO should 
“spend two-thirds of its income on itself. When the present alarm 
“about withdrawal, intended or merely threatened, is over, the 
. remaining members should set about putting things to rights. The 
_ French government should be well placed to take the initiative. 
Determination 
‘What needs to be done is simply told. Inefficiency apart, 
UNESCO differs from other organizations. Ideally, its role 
should beto sponsor international intellectual projects that others 
‘have not attempted, being prepared to see many of these fail but 
resolute in its determination that those that succeed should be 
‘launched independently, with other people’s funds, once their 
success is apparent. Instead, UNESCO has more often waited for 
other people’s band-wagons to pass, seeking a small share in their 
ponsorship but a larger share of the credit. This, for example has 
seen UNESCO’s stance during the past quarter of a century in 
respect of the improvement of science teaching in secondary 
schools, where great opportunities have been missed for 
iranslating internationally programmes that have functioned well 

n member states. By contrast, UNESCO has embraced with too 

much enthusiasm schemes for teaching what is loosely called 
“peace” to unsuspecting teenagers throughout the world in 
circumstances when the most sophisticated educational systems 
are unable to provide models on which to practise what is being 

. preached. 
The conventional assumption is that none of these criticisms 
applies to UNESCO’s scientific work, but even that claim is 

















shaky. It is, however, tructhat UNESCO is at present the conduit 
for continuing support for some important institutions, the 
International Council of Scientific Unions (ICSU) and the 
International Centre for Theoretical Physics (at Trieste), 
originally supported by the International Atomic Energy Agency. 
There is the strongest case why such institutions should not 
collapse, and why members thinking of withdrawing from 
UNESCO should ensure that their contributions to these central 
organizations should continue. UNESCO has also become the 
umbrella for a number of important coordinating research 
committees, the best known and most useful in oceanography. 
Thus the organization provides house-room and a secretariat for 
the International Oceanographic Commission, and also gathers 
oceanographic data collected by merchant vessels on routine 
voyages — tasks not at present done by other means. But 
UNESCO happens to be responsible only by accident, because it. 
was the first to take on these tasks. As things have turned out, it 
would be more appropriate that such jobs should be done by . 
ICSU or one of its member councils — and that the practical task 
of data-storage should be turned over to suitable laboratories 
working to contracts. 

What might have been UNESCO’s pride and joy in the past few 
years, however, the Man and Biosphere Programme (which is 
really an umbrella for a host of coordinated ecological projects 
scattered over the surface of the Earth, separately financed by 
national governments), is one to which the management in Paris 
has devoted much less enthusiasm than the case demands. But 
there is enough merit in UNESCO's scientific programme for the 
price of withdrawal from the organization to be an undertaking 
that the deserving parts of the programme should not be harmed. 

Earlier this year, a committee of the US National Academy of 
Sciences under Walter A. Rosenblith of Massachusetts Institute 
of Technology made just this point to the State Department. Will 
the British government be prepared to follow suit? Its first 
reaction will be to say that if there is a chance of saving £5 million a 
year, it would prefer to keep the lot for other deserving causes. 
But this would be unacceptable, at least if worthwhile inter- 
national institutions are to be endangered. Another unavoidable 
question is that of whether ICSU will be able to shoulder the extra 
burdens likely to be thrust on it even if the United States is the only 
member to pull out of UNESCO. The answer is that, at present, 
ICSU as such is not equipped to do much more than organize the 
committees necessary to ensure its continuing existence, but that 
situation need not persist. Indeed, there is a strong and quite 
separate case why, in the interests of the international 
community, ICSU should now be strengthened, and equipped 
with the resources necessary for it to play a stronger executive role 
in international science. But there is an obvious danger in 
supposing that ICSU might become a partial substitute for 
UNESCO — that ICSU might in the process itself be damaged, 
and that in any case there is no escaping some of the political 
difficulties that have made UNESCO uncomfortable in the past 
few years. 


Reorganization 


How, in these circumstances, should the British government 
decide? The question is not black and white. Pulling out 
regardless of the consequences would be foolish (and is unlikely). 
Pulling out without being prepared to pick up the pieces would 
similarly be wrong. Giving notice of withdrawal on the vague’. 
understanding that the decision might be reversed if UNESCO. 
mends its ways would be fruitless, as the experience of the United 
States in the past year has shown. The best course is to couple a 
declaration of an intention to withdraw (not necessarily a year 
from now) with a prospectus describing how UNESCO might be 
organized efficiently, and how its reduced budget might never- 
theless be spent effectively. The trouble, in the past year’s 
bickering, is that it has concentrated on attempts to reform a well- 
intentioned organization absurdly ill-suited to its purposes by 
tinkering with the administration. What UNESCO needs is not to 
be told repeatedly why it is absurd, but to be helped to understand 
what it is for, and how it might function well. g 
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Fifth generation computers 


NEWS 


Japan finds rivals treading 
uncomfortably close 


Tokyo 

JUDGING by the scale of Western 
governments’ reactions to the fifth 
generation computer project, described by 
representatives to the project’s inter- 
national conference which ended in Tokyo 
last week, Japanese officials must be 
wondering if they would not have been 
‘better off keeping quiet about the whole 
‘subject. 

> Just three years ago, the project was 
Jaunched in a storm of hyperbole that made 
it seem that Japan was about to seize world 
computer markets through a qualitative 
leap forward into a new world of super- 
intelligent computing systems. Now, Japan 
no longer looks the world leader as tough 
competing projects launched by the United 
Kingdom, the United States, France, 
Germany and the European Communities 
take off. Nor, despite earlier hopeful 
discussions between the United Kingdom 
and. Japan, does there seem to be any 
longer a significant chance that coop- 
eration will replace competition. 

a Strangely, the project that began it all, 
essor Kazuhiro Fuchi’s fifth gener- 
on computer project run from the Insti- 
e for New Generation Computing 
(COT), now looks academic and narrow, 
despite having been originally branded a 
teomputing apocalypse” that would 
destroy Western nations’ information 
technology industries. The explanation is 
Fuchi’s continuing belief that the next 
phase of computer history will come from 
computers that use predicate logic to carry 
out inferences at high speed. 

The language PROLOG, specially de- 
signed to handle such operations (see 
Nature 309, 198; 1984) has been taken as 
the project’s starting point, With an infer- 
ence mechanism at its core, the fifth gener- 
ation project will try to use high speed 
mechanisms for retrieval from massive 
knowledge bases, permitting the computer 
to function as a highly intelligent ‘‘expert’’ 
system, while intelligent interfaces allow 
users to speak to their computers. 

The intended results, very high speed 
inference and knowledge retrieval and 
intelligent man-machiné. interfaces, are 
what all the competing nations’ projects 
aim at. But not everyone believes that 
predicate logic — and PROLOG — is the 
way to achieve them. As Daniel Bobrow of 
Xerox’s Intelligent Systems Laboratory 
‘putit, “no single paradigm is appropriate 
to all problems. Just as there are many 
tools:in.a carpenter’s tool box, there must 
be many in the programmer’s kit.” Fuchi 
many other approaches as being 









is right, his institute may well be way out in 
front in a couple of years; if not it could be 
left trying to “‘pry up nails with a screw- 
driver’’. 

So far, anyway, ICOT has delivered on 
its promises. A working sequential infer- 
ence machine was on display at the con- 
ference and will provide the essential 
“programming environment” (essentially 
equivalent to a laboratory bench and 
equipment) for further research. But from 
now on, the really hard problems begin — 
particularly that of parallel processing — 
where there are few clues as to which path 
or even which general philosophy will 
prove most profitable. 

By contrast, Britain’s Alvey Program- 
me, although unashamedly inspired by 
ICOT’s project, now looks quite catholic. 
It centres on four themes: software 
engineering, man-machine interfaces, 
intelligent knowledge-based systems and 
the development of very large scale 
integrated circuits, but admits of a variety 
of approaches. To counter the criticism 
best expressed by Robert. Kowalski, one of 
PROLOG’s inventors, that “it can be 
argued that it is harmful to support British 
research, because it is more likely to be 
exploited abroad than at home’’, all 
projects involve industrial participation 
and (almost) half industrial finance — even 
university-based projects have to find an 
industrial ‘‘uncle’’. 

This in turn has led to an ICOT criticism 
of the Alvey project as ‘‘too incremental, 
too much aimed at short-term industrial 
application and lacking a basic research 
component” — exactly the complaints that 
have been flung at Japan’s research for the 
past decade. And the industrial link has 
smashed hopes of cooperation between the 
United Kingdom and Japan. ICOT’s pro- 
ject is 100 per cent supported by the govern- 
ment and ICOT will hold the patents. 

With a budget of £350 million for the five 
years of the Alvey Programme, expendi- 
ture is running at double the rate of ICOT’s 
project. But ICOT is only a tiny part of 
Japan’s advanced computing effort: the 
telecommunications monopoly NTT’s re- 
search laboratories have their own fifth 
generation project, and all of the large 
electronics manufacturers have artificial 
intelligence projects. 

Only the United States, in total, is 
exceeding Japan’s research efforts. Special 
projects launched there include the 
Defense Advanced Research Project 
Agency (DARPA)’s strategic computing 
programme ($600 million over five years), 
the very high speed integrated circuit 
programme ($100 million in 1984), other 


government programmes and new univer- 

















































sity centres ($100 million in 1984). There is. 
also the private sector Microelectronics. 
and Computer Technology Corporation. 
and of course AT&T and IBM whose. 
doings remain secret. i 
The West German response is more. 
recent, stemming from the March 1984 
government report on information tech- 
nology which sets aside DM2,640 million. 
over five years for information technology 
research. Collaboration between industry - 
and the universities is again specially 
emphasized: key projects are on computer 
aided design, new computer architecture 
and knowledge engineering. = 
France does not havea single gran pk 
but has ambitions (see page 297): In 
the French initiated seven national 
jects, involving both industrial and pi 
research laboratories, with themes broad! 
similar to those of the Alvey project. Now. 
in preparation is a much longer-term set-of | 
fundamental research projects, centred 01 
the Centre National de la Recherche Scien 
tifique but also involving industry. 
Finally, Esprit aims to overcome: the’ 
European Communities’ main weakness — | 
fragmentation of research efforts — and. 
rebuild the research base through cooper- 
ation in precompetitive research and. 
development’’. In 1984, 110 projects wer 
being supported at 500 companies, instit 
utes and universities, and expenditure 
200 million ECU approved. 
All countries report that their bigges 
problem is finding trained staff — Alvey 
director Brian Oakley made in plain 
anyone studying artificial intelligence wil 
not be joining Britain’s unemployed, 
Alun Anders 


Apartheid telescoped 


A PETITION signed by 156 UK astronom 
has been handed to the Science and Engi 
eering Research Council (SERC) callin; 
for its links with the South Afi l 
Astoronomical Observatory (SAAQ): be 
cul, in the belief “that the continued 
funding (sic) of SAAO by SERC amounts 
to acquiescence in apartheid”. SERC 
not respond to the petition because, 
according to a spokeswoman, such. 
decisions can be made by SERC only on the : 
basis of scientific considerations. 
SERC supports SAAO to the tune: of 
about £250,000 a year together with travel. 
and project grants to UK observers, who. 
make considerable use of its facilities. Con: 
tinuing use of the observatory is to be 
assessed next month as a matter of routine: 
— though in the context of unusually tight 
financial constraints — during a “forward 
look” review by a sub-committee of 
SERC’s Astronomy, Space and Radio 
Board. The controversy was last aired in: 
1982 when, as a result of a questionnaire 
circulated by SERC, it was reported thata 
majority of the community supported: 
continued use of SAAO (see Nature 298, 
698; 1982). Philip Campbell 














US research objectives 


Keyworth’s shopping list 


Washington 
MORE government support for research 
_and training in biochemical engineering is 

urgently needed if the United States is to 
lead commercialization of the new biology, 
according to advice given by an expert 
panel to the White House Office of Science 
¿and Technology Policy (OSTP). 
The panel, convened by the Committee 
on Science, Engineering and Public Policy 
-{COSEPUP), says the United States lags in 
asic chemical engineering expertise and 
that if the position is not corrected, “‘the 
Japanese and the Europeans will certainly 
take the leading role’’. 

The panel concludes that the govern- 
ment has a critical part to play in estab- 
“lishing US expertise in reactor design and 

urification methods and proposes a 
. variety of grants and awards to be adminis- 

ered by federal agencies. The number of 

seople graduating with higher degrees in 

iochemical engineering should be 

_ doubled or tripled from the present 60 per 
year. 

- The research briefing panel on chemical 

and process engineering for biotechnology 
he most outspoken of 9 separate panels 
ganized this year by COSEPUP. The 
efings were given to OSTP officials, 
sluding director George Keyworth, 
ring the autumn but published only last 





i COSEPUP briefings have over the past 3 
years had a significant effect on OSTP 
policy; the proposed Engineering Research 
Centers, for example, stem directly from a 
COSEPUP initiative. 
Dr. Keyworth has this year taken a more 
ictive part in selecting subjects than 
‘previously. But while pleas for financial 
support for particular areas are taken 
‘seriously, according to officials, it is 
hought that some of the matters taken up 
by this year’s briefing panels have already 
‘eceived special attention; in particular, the 
gineering. research centres planned for 
Ome university engineering departments 
may go along way towards meeting present 
eeds. 
< A panel on computer architecture has 
urged immediate efforts to accelerate deve- 
‘lopment of advanced software for the 
orthcoming generation of parallel pro- 
essing computers: several indicators sug- 
est that. Japanese activities in this field 
xceed present US capability. And 
ithough the United States hopes that it can 
etain its lead in parallel processing 
hardware, the panel recommends that a 
ody. of specialists should be brought to- 
gether to follow the Japanese technical 
literature to warn of any ‘‘technological 
surprises’? coming from the much-vaunted 
fifth generation computer programme. 
“The. British Alvey programme of research 
and development should similarly be 
“watched closely”. But the panel is ap- 








parently unimpressed by the potential of 
the European Esprit programme. 

Other areas where COSEPUP panels 
urge new federal initiatives include 
advanced polymer composites, laser- 
atomic interactions and relativistic plasma 
waves. Research on polymers is badly or- 
ganized, according to one panel, and there 
should be a new emphasis on interdiscip- 
linary training to bring together scientific 
skills needed for development of advanced 
organic polymers, possibly concentrated at 
special centres. 

Another panel, on physics, argues the 
likely future importance of accelerators 
based on electric fields produced in plasma 
waves, high resolution spectroscopy using 
relativistic particle beams, and two-dimen- 
sional structures. In plasma physics and 
astrophysics, there is a need for improved 
computing facilities. 





In marked contrast with the recommen- 
dations on technology, however, ‘panels. 
reporting on opportunities in basic biology: 
appear content with the existing federal 
role. An overview of the biology of 
oncogenes produced by a panel under the. 
chairmanship of Dr Robert Weinberg of 
Massachusetts Institute of Technology, for 
example, concludes that further progress 
towards an understanding of cancer ‘‘will 
depend on continuing support of the basic. 
biologic disciplines whose successes have 
proved so useful...” 

A report on interactions of blood and 
blood vessels stresses the potential health’: 
benefits to be gained and advocates more: 
research but demands no government 
action. The contrast has not been lost on 
OSTP. Parasitism, however, is identified 
as ripe for a major expansion, as molecular 
biology provides new techniques. Here, as 
in other areas, OSTP is told of a need to 
encourage more scientists to study the basic 
biology of the organisms involved. 

Tim Beardsley 





Australian pests 


Legal framework for control 


Canberra 

THE Australian government’s introduction 
of the Biological Control Bill 1984 is 
another milestone in the long struggle for 
supremacy over exotic pests. In the meat 
export trade, a large part of Australia’s re- 
putation as a reliable supplier of high- 
quality produce is the good health of its 
farm animals, with no outbreak of foot- 
and-mouth disease since 1872, rabies since 
1867 or rinderpest since 1923. 

By contrast, the difficulty in enforcing 
large-scale biological control of weeds and 
other crop pests in the Australian federal 
system is nowhere more clearly displayed 
than in the drawn-out conflict between bee- 
keeper and landowner over the relative 
merits of the purple-flowered Mediter- 
ranean plant Echium plantagineum — 
known as Salvation Jane or Paterson’s 
Curse, depending on one’s point of view, 
and introduced into Australia more than a 
hundred years ago. 

Since the turn of the century, various 
grazier groups in the sheep and cattle 
regions of southern Australia have had the 
vigorous exotic declared a noxious weed, 
claiming that it detracts from the fodder 
value of pasture land and produces pyroli- 
zidine alkaloids poisonous to cattle. 

In 1974, all state departments of agricul- 
ture responded positively to an inquiry 
from the Division of Entomology of the 
Commonwealth Scientific and Industrial 
Research Organization (CSIRO) to pre- 
pare the release of exotic insect agents to 
control Echium. In 1978, supported by 
graziers from lower rainfall areas, the bee- 
keepers protested that the proposed con- 
trol programme should not proceed, pro- 
claiming Echium the most important 
honeybee resource growing in south-east 





Australia and in some years the only spring 
crop available. 

The controversy seesawed for two years 
until, in 1980, the Echium leaf mining moth . 
Dialectica scallariella was released at three 
experimental sites in New South Wales. 
But later that year, the high court granted a 
restraining injunction on narrow grounds 
in favour of beekeeper and low-rainfall-" 
zone grazier plaintiffs. CSIRO was re-“ 
quired to halt importation of further Euro- 
pean insects and to destroy those already 
released. Another agreement was reached 
in June 1982 to set up a tribunal to deter- 
mine whether control of Echium should 
proceed at all, but this did not materialize, 

Throughout the whole litigation period, 
which ended in June 1983 with CSIRO 
agreeing to a permanent injunction, the 
federal government had only a limited 
capacity to enact far-reaching biological 
control laws. Except for quarantine, most 
constitutional power in the area of exotic 
disease control, prevention and compensa- 
tion resides with the states. 

In August this year, however, the 
government introduced the Biological 
Control Bill which has passed in both 
houses and will soon become law, but only : 
in the Australian Capital Territory. It pro- 
vides for widespread advertising of pro- 
posed control programmes and a commis- 
sion of inquiry and powers of review for 
individual cases. The bill in effect negates 
liability for the approved release of control 
organisms and is meant asa model for com- 
plementary legislation in the states. But 
because of the inability of either pest or bug 
to discern state boundaries, opponents of 
the bill will-have to lobby successfully in 
only one state to disable the entire scheme, 

cise Sellar 




















ropean computing 






“TOULOUSE in the south of France — a 
«French centre for the aerospace industries, 
biotechnology and astrophysics — is 
“making a serious play to become a major 
‘European focus for research and training 
in advanced ‘scientific computation. The 
aim is to bring together computer scientists 
interested in. new architectures (array or 
“parallel processing, multi-instruction- 
“stream computers and beyond), users and 
numerical analysts i ina melting-pot that 
‘would be unique at least in Europe. 
<The Toulouse centre as at present 
planned would at’ least match a combi- 
nation of the US National Aeronautics and 
Space Administration (NASA)’s Langley 
Institute. of Computer Applications in 
‘Science and Engineering (ICASE) at 
` Hampton, Virginia and the new NASA 
“Research Institute for Advanced 
Computer Science (RIACS), which started 
just a few months ago at Ames, California. 
This is not, however, a European “‘fifth 
generation” artificial intelligence (AI) 
experiment, although the Toulouse assoc- 
jation for the promotion of the Centre 
Européen de Recherche et de Formation 
Avancé en Calcul Scientifique 
-(CERFACS) wants to have available the 
: most advanced computer possible, and is 
aiming to have its real impact in the 1990s. 
he CERFACS objective is less amb- 
itious than AI, and possibly more realistic. 
< [tċstems from a growing feeling among 
“number crunchers’’ ofall kinds that the 
new computer architectures and com- 
ponents require radically new techniques, 
and that interaction between users and 
computer designers is becoming essential. 
«For example, says Professor Roger 
Hackney of the Department of Computer 
Science at the University of Reading, archi- 
tectures designed to match particular 
problems can now be ‘‘a very cost-effective 
way of getting large computer power to the 
~problem’’. 
©The best use of future and existing 
machines can be best learned and devel- 
Oped, it is felt, in a centre combining the 
disciplines of computer science (archi- 
tectures), numerical analysis (algorithms) 
and applications specialisms. CERFACS 
would be such a centre. Nothing like it 
exists in Europe, Hackney claims. 
Moreover, NASA’s ICASE and RIACS, 
while addressing ‘all the relevant issues, 
concentrate architecture on the west coast 
and applications on the east. 

Training and networking would also be 
“very important’? at CERFACS. Visitors 
would come for several weeks or months, 

< but then. return to their home institutions, 
om which.they would wish to keep in 
uch with CERFACS and use its comput- 
ng power. Soa satellite-based computer 
mmunications network is also proposed. 

ill CERFACS get off the ground? 























he: brainchild of Jean- Pau 


French bid to build centre 


Zahn, director of the Pic du Midi Obser- 
vatory near Toulouse, but it has now been 
taken up with enormous enthusiasm by 
local industry and politicians such as the 
local mayor and European parliamen- 
tarian Henri Sabi. 

However, the news from Brussels is not 
bright. Although the European Com- 
mission has set up a ‘‘study’’ of 
CERFACS, ‘‘we learned last week there’s 
little prospect of Brussels. cash in the next 
five years’’, said a CERFACS spokes- 
woman in Toulouse last week. ‘It just 
takes that long for the Commission to set 
up a programme.”’ 

So the hunt is on for support from the 
French government (said to be ‘‘very pos- 
itive” to the idea), and from elsewhere. A 
European support committee has been 
established with members from the United 





Kingdom, West Germany, the Nether- 
lands, Spain, Greece, Denmark: and 
Switzerland, which will report back ear 
next year with the results of its approaches 
to government and other agencies. = > 

CERFACS does have one guarantee: a 
purpose-built building. The Midi-Pyrenées 
regional government will pay for that. 
Internationally, Greece has already shown 
great interest, and smaller European 
nations may well prove more favourable 
than, say, Britain and West Germ: 
which already have large machines — even. 
if they do not use them in the CERFAC 
manner. 

France, however, is well behind. B itain 
and West Germany in scientific compu ng 
power, so a conceivable outcome is 
France will set up a joint arrangement. for 
CERFACS between itself and the smaller 
nations of Europe. Whatever emerges 
from present soundings, a formal proposal 
to the French government will: follo 
probably in February. Robert Walgate 











































NIH 


Academy recommends 2 


Washington 

A NATIONAL Academy of Sciences panel, 
after a year-long study, has suggested that 
the National Institutes of Health (NIH) 
might best defend themselves against the 
pressures of the ‘“‘disease of the month 
club” by the time-honoured government 
strategy of injecting a new layer of bur- 
eaucracy into the organization. In recent 
years, a growing number of disease lobbies, 
acting through Congress, have pressed for 
the creation of new NIH institutes bearing 
the, name of “their” disease. NIH has 
resisted these forces with varying success, 
but recently scored a victory when 
President Reagan. vetoed a bill that would 
have established new National Institutes of 
Arthritis and of Nursing. 

The academy recommendation is that 
there should be a new advisory body, to be 
called the Health Science Board, whose 
major purpose, it appears, would be to 
rechannel the public pressures that 
now find expression through Congress. 
The board would ‘‘communicate public 
perceptions of health research needs” to 
NIH and other Public Health Service 
agencies and would ‘‘assure the public that 
these needs are being . . . addressed’’. 

Proposals for new NIH institutes would 
be subject to a formal review by the board, 
which would apply five criteria that would 
specifically exclude institutes whose major 
function is regulation, health services or 
other non-research activities. By these 
criteria, the National Institute for Occupa- 
tional Safety and Health and the National 
Centers for Health Services Research and 
for Health Statistics —- all of which, at 
some time, have been considered for incor- 
poration into NIH — would be excluded. 

The academy pariel would not comment 


-on specific proposals, such as that for an 












































arthritis institute, but advised that. with 


new additions. The panel’s suivey of 
NIH’s organizational and budget histo 
failed to produce evidence to substantiat 
the most often-heard justification for ne 
institutes — that they boost support fo 
particular area of research and thus. | 
NIH as a whole. (A spokesman for the 
Arthritis Foundation, for example, told 
the panel at a public hearing last year that 
by so visibly responding to such politically- 
popular health issues as arthritis, NIH 
could only gain. ‘‘We must see how we can 
take advantage of the system.’’) 

By contrast, the panel concluded that 
new institutes add overhead costs, add to 
the administrative burden of an already 
overburdened NIH director (25 officials 
already report directly to him) and hinder 
scientific communication within NIH. : 

If the assurances of the Health Science 
Board are not enough to convince the pub- 
lic that their perceived health research 
needs are being met, NIH could avail itse! 
of a “continuum” of options short. o 
creating new institutes, the academy panel 
said. These options include “publicizing 
what scientific research has accom: 
plished”, holding conferences, naming 
special panels and creating new divisions 
programmes within existing institutes. 

A somewhat more tangible recommen 
dation of the panel in helping NIH tọ- 
respond to changing health research needs 
is for the creation of a contingency fund o 
1 per cent of NIH’s budget that the direct 
could apply to health emergencies. 
current spending, that one per cent equals 
about $50 million, which may be more ofa 
slush fund than Congress would-be willing 
tocreate. ; nsi 





Whaling 


NEWS 


US and Japan agree to disagree 


Tokyo 
ANGRY criticism from press and politicians 
has greeted the Japanese government’s 
decision to bow to US pressure and stop all 
sperm whaling by 1988. But there is some 
confusion over exactly what Japan has 
agreed to, with conflicting announcements 
in Washington and Tokyo, and protests 
from Greenpeace (the environmental 
pressure group) that Japan has got off far 
too lightly. 

According to US negotiators, Japan has 
agreed to end by 1988 not just sperm whal- 
ing but all whaling. With this agreement, 
the United States hopes to avoid the bad 
feelings that would arise if, instead, it tried 
to use cuts in fishing quotas to force Japan 








ree ee} 
to abide by the rulings of the International 
Whaling Commission (IWC) that sperm 
whaling should end this year, and all 
commercial whaling next year. But 
Japanese officials claim they have agreed 
to end only sperm whaling by 1988 and that 
a ban on whaling altogether is only a US 
offer. And an angry statement from 
Hiroya Sanyo, the Fisheries Agency 
director general who headed the Japanese 
delegation, adds that the talks had been 
“unfair’’ and ‘‘outside the bounds of 
normal diplomacy”. 

Anti-whaling groups in Western nations 
are equally angry that Japan is now to be 
given until 1988 to end sperm whaling. An 
injunction is to be sought to force the US 
government to obey the Packwood- 
Magnusson Amendment to the 1979 
Fishery Conservation and Management 
Act and impose cuts in Japan’s fishing 
quotas the moment Japanese boats catch a 
sperm whale — and there are unconfirmed 
reports that two whales have already been 
caught. 

The Packwood—Magnusson Amend- 
ment provides that when a nation ‘‘dimin- 
ishes the effectiveness’’ of an international 
whaling agreement, it must be ‘‘certified’’ 
by the US government, which means that 
that nation’s quota in the US 200-mile zone 
must be cut by at least half in the first year 
of certification and by 100 per cent in the 
second year. The outcome of court action 
is now likely to hinge on the meaning of the 
words ‘‘diminish the effectiveness”, with 
the US government arguing that with the 
new agreement the effectiveness of the 








IWC ruling is not diminished. 

Japan is, in any case, far more concerned 
about minke whales than sperm whales. At 
the same IWC 1984 meeting where the 
sperm whale quota was cut to zero, the 
Antarctic minke whale quota — upon 
which Japan’s offshore whaling industry 
depends — was cut to 4,224 to be shared 
between Japan, the Soviet Union and 
Brazil. Both the Soviet Union and Brazil 
have formally objected to the quota, thus 
freeing themselves from obligation to 
abide by it. Japan has not so far objected 
because of its fear that US fishery cuts 
would follow. But immediately after the 
new agreement with the United States was 
announced, the agriculture, forestry and 
fisheries minister Moriyoshi Sato stated 
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that Japan will file an objection to the 
minke whale quota before the deadline of 6 
January. The following year, the minke 
whale quota would automatically fall to 
zero as the total ban on whaling agreed by 
IWC in 1982 comes into effect. 

It seems clear that the minke whale quota 
has been the subject of a US offer that goes 
over IWC’s head: a blind eye would be 
turned to further whaling in the next three 
years and no fishing quota cuts would be 
imposed, provided Japan will compromise 
and agree to stop all whaling by 1988. 
Washington has apparently gone so far as 
to claim that Japan has already agreed to 
accept this offer. The subsequent an- 
nouncement from Mr Sato suggests, how- 
ever, that Japan will still fight on and try to 
win some further concessions from the 
United States — if legal action does not in 
the meantime undo what has already been 
achieved. Alun Anderson 


Around the world in four years 


OPERATION Raleigh, a four-year 
circumnavigation of the world that plans to 
mount over 150 scientific projects in more 
than 30 countries, was launched last week 
by its British patron, the Prince of Wales. 
The flagship of the expedition, named for 
Sir Walter Raleigh who sponsored the first 
English-speaking colony in North America 
400 years ago, sailed from Kingston upon 
Hull last week for the Bahamas, on the first 
of 16 three-month legs. 

The expedition is modelled on Operation 
Drake (1978-80) and is organized by the 
Scientific Exploration Society Lid, a 
registered charity. Operation Raleigh will 
involve over 300 scientists, assisted by 
4,000 selected young people, 75 per cent of 
whom will come from the United States 
and Britain. The ship is equipped with 
three scientific laboratories largely 
donated by Gallenkamp, diving facilities 
including a decompression chamber, a 
Marisat satellite communications system 
and a computer centre donated by Acorn 
Computers Lid and Centronics, and will 
support both marine and land-based 
projects. 

The first leg of the expedition to the 
Bahamas and Turks and Caicos Islands in 
the West Indies will include a biological 
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and geological investigation of the ‘‘blue 
holes” system of the Bahamian islands — 
underwater caves and tunnels carved out 
by the dissolution of limestone rocks by 
fresh water at a time (about 18,000 years 
ago) when the sea level was about 100 
metres lower than it is now. 

The Bahamas will also be the first site ina 
‘‘reefwaich’’ programme to monitor the 
effects of sediment pollution on coral 
reefs. Coastal accumulation of sediment 
resulting from forest clearance reduces the 
amount of light penetrating the coral, 
which has an adverse effect on the photo- 
synthesis of the symbiotic algae on which 
reef-building corals depend for their 
survival. 

Operation Raleigh, operating as it does 
mainly from tropical latitudes, might be 
considered a ‘‘jamboree’’ for the scientists 
involved, but the main criterion used by the 
Scientific Research Committee in selecting 
projects — which must be more or less self- 
financing — was that the work should 
produce results suitable for publication in 
research journals. The young people who 
will provide semi-skilled assistance on the 
expedition were also subject to rigorous 
selection procedures. 

Peta Pickering 
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NEWS- 


WHO to back vector vaccines 


-Washington 
A SPECIAL advisory group to the World 
«Health Organization (WHO) has approved 
an accelerated programme of research on 
“recombinant vaccines using viral vectors. 
‘Such vaccines, now under development, 
might be used in mass immunization pro- 
grammes where alternatives do not exist or 
are prohibitively expensive. Though yet to 
be approved by WHO’s regular scientific 
“advisory group, the decision puts to rest 
‘speculation that the reintroduction of vac- 
cinia immunization programmes might 
be thought unnecessarily dangerous. 
‘accinia (cowpox virus) has long been a 
favourite organism for virologists, being 
easy to culture and safe to handle. With the 
elimination of smallpox, its use in vaccina- 
tion: was discontinued, because of severe 
“reactions, sometimes fatal, that occur at 
“the rate of 1 or 2 per million vaccinations. 
Furthermore, vaccinia can be transmitted 
‘by skin contact between people and from 
animals, albeit rarely. 

Despite some reservations expressed at.a 
workship held last week jointly by WHO, 
the US Public Health Service and the 

“British National Institute of Biological 
' Standards and Control, the advisory group 
decided that the potential benefits of re- 
search into recombinant vaccines outweigh 











Israeli education 


the possible risk. Protection against a 
number of diseases has already been 
demonstrated in animals using vaccinia asa 
vector for antigens, including hepatitis. B, 
herpes simplex virus type 1 and rabies (see 
for example Nature 311, 67; 1984). 
Although the safety of these vaccines has 
not been systematically studied, it appears 
that deletion of the thymidine kinase gene 
of vaccinia — which is replaced by the 
foreign gene — may make the virus even 
less easily transmitted than the normal 
type. 

In its advice to WHO, the advisory group 
stresses the importance of developing alter- 
native vectors likely to be of use against dis- 
eases of the respiratory tract and enteric 
diseases, including bacterial, protozoal 
and helminthic diseases. Because much 
early experience will be with animal 
vaccines, WHO is urged to establish links 
with the United Nations Food and Agricul- 
ture Organization to monitor veterinary 
results. And to avoid countries using dif- 
ferent strains of vaccines haphazardly, 
WHO is invited to set up a collaborative 
centre for dissemination of information 
and storage of reference samples, probably 
to be located at thé National Institute for 
Allergy and Infectious diseases at 
Bethesda, Maryland. Tim Beardsley 


Palestinians push ahead 


Rehovot 
THE latest of Israel’s institutions of higher 
learning, Ben-Gurion University of the 
Negev, has finally begun its academic year, 
two weeks behind schedule. It remains to 
be seen, however, how long Ben-Gurion 
“and the others — all plagued by severe 
‘financial problems — will remain open. 
To be sure, Ben-Gurion University, with 
“an accumulated debt of US $15 million, is 
~-worse off than the older, better established 
institutions. And this presumably explains 
both the delayed opening and the resig- 
nation (later withdrawn) of university 
`. president Shlomo Gazit. But with govern- 
ment support for higher education having 
dropped by one-third in recent years, the 
other schools are not in much better shape. 
The president of the Haifa Technion, Pro- 
fessor Josef Singer, has stated that ‘‘the 
Technion is still $10 million short of even its 
reduced emergency budget and the condi- 
tions for an uninterrupted school year have 
not yet been guaranteed”. 
„<: There is greater sympathy for the plight 
_ of the universities among members of the 











e one, ‘and education minister Yitzhak 
: ‘on, for-one, has described their 
ion as ‘‘intolerable’’. But with all 
pending being drastically reduced, 


_ present government than existed in the last- 





al. cutbacks in even. 


defence and social welfare, it is unlikely 
that the government will be more generous 
than it has been in the past: in all pro- 
bability, support. will decline still further. 
This has forced the universities not only to 
undertake large-scale dismissals and 
reduce their purchases of vital scientific 
equipment, but also to shut down whole 
departments. 

This development is taking place against 
the background of a dramatic increase in 
the educational level of Palestinians, both 
in Jordan and in the West Bank. During the 
1983-84 academic year, 25,000 Jordanians 
and 13,000 West Bank Arabs passed the 
Jordanian matriculation examinations, 
about twice the number of matriculants as 
among the Jews of Israel, from roughly 
the same population of some four million 
people. 

Educational advancement has been 
particularly specatular in the territories 
under Israeli control since 1967. From 1967 
to 1982, the secondary school population 
in the West Bank and the Gaza Strip 
increased by 106 per cent, while the general 
population went up only 23 per cent; and 
while in 1967 there were justa few hundred 
students in post-secondary programmes in 
those two areas, this year there will be 
nearly 20,000, a very high proportion. 

..Nechemia Meyers 














































































Gromyko’s prize 
Tuts year’s Soviet State Prizes for scienc 
announced as usual to coincide with the 
anniversary of the 1917 October Revo- 
lution — in November — went almost 
entirely to ‘cycles of works’’ carried ou 
teams of up to 12 persons over a long 
period of time. Only four prizes of the 
fourteen went to monographs by a single 
author: Ilya N. Vekua’s ‘Some general 
methods of constructing different varian 
of the theory of shells” (1982), Dr Andrei. 
D. Ado’s ‘‘General allergology’’ (197: 
Dr Valentin V, Seldov’s ‘The East Slavs: 
the sixth to thirteenth centuries’’ (198 
and foreign minister Andrei A. Gromy 
“External expansion of capital: past. and 
present’’ (1982). 
Several of the ‘‘cycles’’ honored cover 
two decades or more including B.B. Bokut’ 
et al.’s ‘‘Highly effective nonlinear 
transformations of frequency in: crystals 
and the creation of returnable sources 
coherent optical radiation” (1963-82) 
I.N. Matrosov ef al.’s “Elaboration of the 
method of Lyapunov vector functions for 
the analysis of stability and other dynamic 
properties of nonlinear systems” (1962-81) 
and K. P. Belov et al. “Magnetism and the 
electronic structure of rare-earth 
uranium compounds” (1959-82), 
citation seems to have been overdue: 
of N. N. Bogolyubov, D. V. Shirko 
A. A. Logunov for their contribution 
“Method of renormalized groups in fie 
theory’’, which carries the date 1955-§ 
The citations do not make it clear 
how far a cycle of work consists of genuine 
collaborative undertakings and how far it 
relates to parallel but separate work on a 
common theme. Co-winners are frequently 
scattered throughout several institutes, and 
even republics. Thus Bokut’ et al. come 
from Gomel’ University (Byelorussia), the 
Vavilov State Optical Institute, Mosco 
State University, the Institute of General 
Physics of the Soviet Academy of Sciences, 
Vilnyus State University (Lithuania), t 
Institute of Electronics of the Uzbek 
Academy of Sciences and the Institute 0 
Applied Physics of the Soviet Academy of 
Sciences. On the other hand, the team of 
geologists honoured for their complex 
study of the Baltic regions of the Soviet 
Union were all, to judge from their names, 
native to the Baltic republics (Latvia, 
Lithuania and Estonia) and for the m 
part are employed in research institutions 
of those republics, although one holds an 
all-Union post, as deputy director of the 
Marine Scientific Research Association 
Engineering Geology. Likewise the team 
responsible for ‘‘Development of the theo- 
retical principles of Soviet criminology” 
(1961-82) — a unusual subject for a state — 
prize — all seem to be Moscow-based 
although affiliated to such diverse 
institutions as the Academy’s Institute of 
State and Law and the Moscow Poli 
College. Vera Rich 











: United States i in UNESCO 


AN a tesi PEER panel appointed to 
monitor the activities of the United 
Nations Educational, Social and Cultural 
Organization (UNESCO) has failed to find 
‘persuasive reasons why the United States 
‘should reverse its decision to withdraw 
-from the organization at the end of this 
year. A final decision on US participation 
in 1985 must be made within the next two 
weeks, and barring an unexpected change 
of heart by the State Department, the 
withdrawal will go ahead as announced at 
he end of 1983. 
<The US decision was made because of 
anagement inefficiency at UNESCO and 
 “‘politicization” of its programmes. The 
onitoring panel, chaired by Dr James 
_Holderman, chairman of the US National 
Commission on UNESCO and president of 
he University of South Carolina, makes 
oO specific recommendation on the ques- 
ion of withdrawal. However, its con- 
lusions are thought not to be so com- 
pelling as to demand the positive action 
equired to abort withdrawal at this late 
tage, 
UNESCO has made a number of 
és over the past year that go some 
y to answering the US criticisms. The 
ost important, from the US point of 
ew, was the recent agreement to freeze 
he 1986-87 budget at the 1984-85 level, a 
iove long demanded by the Reagan 
idministration. Furthermore, some of the 
iore ideologically inspired language used 
describe UNESCO ambitions on dis- 
fmament and human rights has been 
med down, and new efforts have been 
jade to evaluate programmes, both 
ictions that indicate some sensitivity to US 
concern. But recently agreed management 
orms are not thought by the United 
tates to go far enough and there is 
onsiderable scepticism about how rapidly 
id effectively the agreed changes will be 
plemented. 
Despite the partial successes, however, 
e United States has failed totally to bring 
about changes in the voting structure at 
UNESCO, and was deserted by its Western 
ies. on this issue. As in other United 
ations organizations, there is one vote per 
country, even though financial contribu- 
ions are in proportion to countries’ gross 
national products. The US contribution, at 
7 million, amounts to one quarter of 
NESCO’s total budget. Although 
NESCO officials express confidence that 
programmes will continue even if the with- 
drawal does go ahead, the impact will be 
serious — especially if other countries 
follow the US lead. Britain and West 
Germany are wavering. 
< A Separate assessment of how UNESCO 
has accommodated US demands is being 
undertaken by two subcommittees of the 












_ House of Representatives’ Foreign Affairs 


Committee, under Representatives Gus 
Yatron and Dan Mica. This assessment will 
not however be complete before February, 
and so will not bear on the withdrawal 
decision. In any event, the executive 
decision to withdraw would not easily be 
swayed by a congressional report. At one 
stage, the possibility was considered that 
the United States might delay its with- 
drawal by one year, which would bring it 
neatly to the end of a UNESCO biennial 
programme cycle, but that option has now 
been definitely discounted by Gregory 
Newell, Assistant Secretary for inter- 
national organization affairs at the State 
Department. 

The US decision had ‘dismayed many 
who were working on scientific projects 
administered by UNESCO, which were 
thought to be largely innocent of the faults 
levelled at other programmes. The Nation- 
al Academy of Sciences earlier this year 
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produced a favourable assessment of the 
scientific benefits obtained through the 
agency. But the State Department main- 
tains that in most instances US scientists 
will be able to continue their involvement 
with UNESCO programmes even after 
withdrawal, despite the lack of US repre- 
sentation at council level: domestic expen- 
diture on the Man and the Biosphere pro- 
gramme, for example, is scheduled to be 
doubled or tripled over the next few years. 
The State Department says it is also 
looking for ways to encourage technolo- 
gical development in developing countries 
that do not rely on UNESCO. How far 
these aims prove possible will depend on 
the seriousness they are accorded by the 
Office of Management and Budget, and on 
the willingness of UNESCO to cooperate 
after being jilted by its biggest paymaster. 
Tim Beardsley 














We est German forests 


Damage survey 
looks bad 


Munich 

This year’s inventory of damage to West 
German forests, the first results of which 
were published earlier this month, shows 
further deterioration since last year. A half 
of all forested areas are now believed to be . 
affected to some degree, compared with 34 
per cent in 1983. But as yet there are no: 
reports of forest areas in which the damage 
is complete. ; 

The Forest Damage Inventory now 
completed was initiated by the federal 
government in Bonn, and is the third ofa ~ 
series begun in 1982. For the first time, the- 
survey was based on a nationwide system of 
4km x 14 km plots. This year, however, 
the classification was refined so as to 
include five categories of damage (rather 
than three), numbered 0 (undamaged) to 3 
(severely damaged) and 4 (dead). 

The main criterion for assessing damage 
is the extent of loss of needles or leaves, 
with the discoloration of foliage a 
secondary consideration. The survey 
earlier this year was carried out by specially 
trained forestry personnel carrying colour 
photographs with which to check their 
observations. 

Between 1983 and 1984, the most 
obvious change has been the increase of the 
proportion of West German forests in 
which the damage is classified as slight or 
moderately severe. Between the two most 
recent surveys there has also been a 
dramatic increase in the extent of damage 
in some degree to broad-leaved trees, with 
the percentage of affected beech trees 
increasing from 26 to 50 per cent between 
1983 and 1984, and that of oak trees from 
15 to 43 per cent. 

In the latest survey, damage has been 
reported from throughout West Germany, 
but is most serious in the southern Länder 
of Bavaria and Baden-Wurtemburg. While 
the earlier surveys showed damage 
predominantly at high altitudes, the most 
recent survey shows darnage everywhere. 

As in previous years, the results of the 
forest inventory will not go undisputed. 
Although the methods used in 1984 have 
been more systematically applied 
throughout West Germany, the validity of 
needle loss as the main criterion for as- 
sessing damage is likely to remain 
controversial. But whatever is happening, 
there can be no dispute that the new type 
forest decline is increasing both in 
geographical extent and in severity. 

Although the cause of the damage 
remains open to debate, in the past few 
years increasing attention has been paid to 
the importance of ozone in conjunction 
with other stressing factors as the chief 
agent of damage. So far, there have been 


no reports of forest tracts i in which all trees 
have been killed ee Le 
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CORRESPONDENCE- 


Conditions for disarmament 


Sik — J.N. Barkenbus and A.M. Weinberg 
(Nature 310, 95; 1984) were right to object 
that Stephen Salter’s proposal for a super- 
powers disarmament negotiations algor- 
ithm (308, 490; 1984) assumes an unrealis- 
tič degree of collaboration between the 
protagonists. But it may slightly misleading 
to term the Salter scheme ‘‘original’’. Un- 
doubtedly it is Mr Salter’s own 
autonomous creation, and in its particular 
form it may also be entirely novel. It is cer- 
tainly both elegant and economically struc- 
tured. However, the ‘‘I cut — you choose” 
algorithm was suggested for this purpose in 
an article in Journal of Conflict Resolution 
11963 by E. Singer. 
- Themany differences between the Singer 
and Salter versions of what the former 
‘terms the ‘‘divide and choose’ approach 
‘are probably of little interest, except to 
those who set more store by the contempla- 
tion of abstract negotiation models than I 
do. Suffice it to notice here that Singer’s 
approach was to place all weapon reten- 
tions and weapon discards by both sides in- 
to a single population to be divided, and 
then to consider solutions to the difficulties 
this could pose. He also throws out the in- 
teresting suggestion that on-site inspection 
“tights could be bargained for in the same or 
other similar structure, after they had 
st been portioned out in territorial units. 
Unlike Salter, Singer did not so much see 
scheme as replacing the antagonistic 
conduct of international relations, but 
‘rather as having to take its chances within 
the sordid arena of diplomacy. Thus he 
concludes: ‘‘Eventually, the realities of in- 
ternational negotiations must be con- 
fronted, and the diplomatic foxes must be 
set free to see if they can, without too much 
difficulty, play havoc with a bargaining 
“model’’. 
~~ It isa pity that Barkenbus and Weinberg 
were unable to espouse the realism whose 
absence they regret in Salter. For it is cer- 
-tainly very naive to suppose, as their model 
_ does, that the arms race is about preserving 
‘a stable parity between the deliverable por- 
‘tions. of populations of militarily undif- 
ferentiated ‘‘warheads’’. Their second and 
probably related assumption, also hard to 
share, is that we are dealing always and on- 
ly with retaliatory forces. For once the idea 
of an attempted disarming first strike is ad- 
mitted into the strategic calculations (as it 
always has been on both sides), it is no 
longer possible to claim that erection of a 
defensive anti-missile system can be direct- 
ly offset by dismantling a proportion of 
one’s own offensive missiles, to match the 
“proportion of an enemy missile strike one 
_ expects to be able to block. For suppose 
_ Side A, with its new defensive system and, 
“say, a matching 10 per cent reduction of 
- Offensive forces, were now to initiate a stra- 
first strike. The 90 per cent offensive 
would be virtually as effective as be- 

























eduction, and the defensive f orce, 


facing only the decimated and disrupted re- 
mains of B’s strategic offensive capability, 
would be very much more than 10 per cent 
effective because it would be handling a 
much smaller salvo of incoming warheads. 

Since this is the worst-case scenario 
which would govern B’s perceptions of A’s 
new defensive deployment, it could be 
argued that the latter should be offset by a 
reduction of A’s offensive arsenal propor- 
tional to the hypothetical ‘“‘thinning’’ by 
which B’s offensive forces would receive by 
the two processes of, first, an attempted 
disarming first strike by A, and second, the 
anti-missile effects of A’s defences on B’s 
subsequent retaliation. Thus A would have 
to pay for its 10 per cent effective defences 
with, say, an 80 per cent reduction of its of- 
fensive forces. 

But of course A could not accept this, 
because it has to see the world as one in 
which B could be making the first strike, 
which demonstrates that there is no way to 
provide a ‘‘fair’’ mix of offensive and de- 
fensive deployments, except by making ar- 
tificial and unrealistic assumptions to the 
effect that all nuclear strikes will always be 
retaliations, which is of course a useless op- 
tion, despite Barkenbus and Weinberg’s so 
boldly having taken it. R.I.P. BULKELEY 
Department of War Studies, 

Kings College London, 
Strand, London WC2R 2LS, UK 


Sik — The leading article “Targets for 
future arms control’’ (18 October, p.591) 
was both pessimistic and realistic, In a 
climate of mutual and reciprocal suspicion 
between the nuclear armed states, perhaps 
we should look to small, but achievable, 
measures that both build confidence and 
reduce further escalation of the nuclear 
arms race. I propose a measure that might 
achieve this and at the same time bolster the 
Non-Proliferation Treaty (NPT), which, 
you rightly comment, mercifully still holds, 
but only tenuously. 

With 50,000 or so nuclear warheads 
worldwide, there is surely no need to add to 
this total. If so, then an effective ‘‘freeze’’ 
on fissile material production should be 
agreed to and implemented by each of the 
nuclear weapon states. A partial freeze of 
this sort was agreed by the US, UK and 
Soviet governments in April 1964. 

In order to implement this, the nuclear 
weapon states would have to open up their 
reprocessing plants and plutonium/ 
enriched uranium stockpiles to full 
inspection by a supra-national agency. 

In his book Face the Future (1981, pp. 
488-89), former British Foreign Secretary 
Dr David Owen has already argued this, 
basing his conclusions on his experience in 
office. With the Soviet Union recently 
accepting International Atomic Energy 
Agency (IAEA) safeguarding on some of 
its civil nuclear facilities and with the 


People’s Republic of China joining IAEA, 














































































the foundations of progress exist. 
The French and British dual- burps 
nuclear facilities, such as Marcoule and 
Phénix, and Sellafield remain a problem. 
Indeed Dr D. G. Avery, appearing ol 
behalf of British Nuclear Fuels PLC, told- 
the Sizewell B Inquiry (16 October) that th 
British Government and Euratom’ have’ 
been at loggerheads since 1973 over. th 
non-accessibility of the Sellafield: rep 
cessing line to physical inspection, despit 
Britain’s accession to the Euratom treaty as. 
a full partner. Peete 
Nonetheless, this problem. certain! 
seems surmountable. This being so, 
would surely strengthen the NPT, whos 
review conference in September. 1985 
surely going to demand more equitab 
behaviour by the nuclear weapon states. 
others are not to withdraw, with the di 
astrous consequence of a nuclear free-for- 
all. David LOWRY 
Energy Research Group, 
Open University, Walton Hall, 
Milton Keynes MK7 6AA, UK 
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Family planning | 
Sir — The reduction of the birth rate in 
China by one-half during the 1970s 
reported in Nature (310, 612; 1984) 
indeed welcome news. In view of high le 
of fertility persisting in many areas of 
world! , what are the prospects for this f 
to be duplicated elsewhere? 

The primary requirement for a succe 
ful population programme must surely p 
the participation of most of the popula on 
in the programme; yet even in campaigns as 
vigorous as that in India, fewer than bin 4 
eligible couples are protected’. So the 
choice of method may be of secondary 
importance — pills and rhythm, for 
example, seem to have a similar overall 
impact on the fertility of acceptors’. 

How can the scope of population. pro- 
grammes be broadened in societies wl 
are less highly centralized than China’ 
A mass-marketing approach may. be 
effective, as demonstrated by the unfor 
tunate popularity of artificial infant 
feeding formulas in even the poorest areas, 
A more beneficial twist of this technique 
might involve the use of some other highly 
marketable health product in conjunction 
with a family planning campaign. Due: 
the threat of anaemia (see for exam 
Nature 310, 615; 1984), iron suppleme 
would be beneficial and would have a high - 
level of appeal to women. By distributing 
supplements in packets of 28 and colo 
coding them for the safe and unsafe days of 
the menstrual cycle, for example, many 
more women might be introduced to the’ 
practice of family planning than have been 
reached by conventional programmes. 

STEVEN L. MARCU 
Department of Atmospheric Sciences, 
University of California, Los Angeles, 


Los Angeles, California 90024, USA 
1. McNamara, R.S. Foreign Affairs 62, 1107-1131 (1984). 
2. Basu, A. M. Stud. Fam, Plann, 18, 136-142 (1984). 

3. Laing, J. E. Stud. Fom. Plann, 18, 49-61 (1984), 






























Seer: Hee sy oye 
Foral responsibility 
Sir: —- In the leading article (Nature 25 
October, p.692) on the expulsion of the ex- 
Nazi scientist, Rudolph, from the United 
States, the statement is made that 
: “scientific research is a neutral, amoral 
< enterprise only in a free society, one witha 

democracy capable of exercising social 

judgement over the propriety of end uses”. 
“IT would contend that you let us scientists 
‘off too easy, that we all have a moral 
responsibility, maybe even a duty, not to 
-work on obviously immoral projects, such 
. as, for example, those involving the murder 
of innocent people by chemical, biological, 
atomic-nuclear and even ‘‘conventional’’ 
weapons. Indeed, in the present inter- 
ational situation where warfare is not 
ikely to be between individual soldiers 
-but between peoples of contending states, 
tis the moral responsibility of scientists 
everywhere not to work on any project 
connected with waging war. I know the 
_ answer to this: that we in the democratic 
‘societies leave ourselves open to ‘nuclear 
lackmail’’. But are you so sure of that, as 
much as you seem to be unsure of the great 
possibility that the ludicrous, to say the 
least, build-up of weaponry will not lead to 
a nuclear-driven mass destruction? 
PHILIP SIEKEVITZ 





Rockefeller University, 
30: York Avenue, 
New York, New York 10021-6399, USA 
























IR =- In the light of the discussions in 
Nature of Homer’s wine-dark sea during 
the past four months, it was almost inevi- 
table that the old problem of the red colour 
f Sirius would arise sooner or later 
Nature 6 September, p.8). 

However, the problem is soluble, from 
the testimony of several independent 
servers. 

Arguing for a red colour of Sirius, only 
wo. referees may be regarded as reliable: 

he Roman philosopher Seneca (~ 708c)! 
d the Alexandrine astronomer/ 
astrologer Ptolemy (~ AD150}?. Neither 
exis, however, gives particulars of how 
ese Observations were made. All other 
reek and Roman texts often presented as 
dditional evidence?, speak only of the 
fires” and ‘‘flames’’ of Sirius as it scor- 
ches the Earth during the ‘‘Dog-days’’. 

An Assyrian text (BM 118898)*, dating 
from the reign of Ashur-bel-kala (= 
10708), mentions a colour “‘red as molten 
opper”, but here Sirius is clearly stated to 
be rising and was therefore observed close 
to the horizon, The same applies to the ob- 
‘vations described by the Arab poet Ibn 
Alrakka (as preserved by al-Biruni 
(1000)*). 
<. Refuting such evidence are a number of 
contemporary texts citing a white or blue 
colour for Sirius. Astrological texts are 
very useful as stellar and planetary colours 





were closely observed for inferring future 


events. The Greek astrologer Hephaestion 
Thebanus (~AD400)6, citing older Egyptian 
sources (28C), discusses the various prog- 
nostications derived from the observed col- 
ours (golden, red, green and white) of 
Sirius at its heliacal rising. These colours 
clearly result from the effects of atmo- 
spheric extinction and scintillation on a 
white star near the horizon. Also, the 
Roman astologoer Manilius (~AD10)7 
refers to the cold sea-blue quality of the 
rays of Sirius. 

Most explicit are the observations found 
in the astronomical chapters of the ancient 
Chinese dynastical histories. Sima Qian (~ 
90BC)*, Ma Xu (~AD100)° and Li Shunfeng 
(~AD635)"°, discussing the colours of the 
planets and selected standard stars, all 
assign to Sirius a white colour. 

This evidence clearly shows that Sirius 
has never been intrinsically red during the 
past few millennia and is in full accord with 
the present evolutionary phase of the 
Sirius-system. 

R.H. VAN GENT 
Sonnenborgh Observatory, 
Zonnenburg 2, 
3512 NL Ultrecht, 
The Netherlands 
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Italian slur 
rebutted 


Sik — I was pleased to read in Nature (11 
October, p.501) a news item wishing well to 
the new president of the Italian National 
Research Council (CNR). Indeed, Luigi 
Rossi Bernardi is a scientist first and a 
science administrator second, and his 
previous record is one of achievement 
through hard work, determination to 
assess quality and ability to develop 
rational policies. It is on these objective 
grounds that his appointment deserves 
praise. The sensitive reader will perceive 
this from the report. But it is unfortunate 
that in his opening paragraph Robert 
Walgate gives the impression that a major 
implication of the appointment is a 
transition from the ‘‘underdeveloped 
south” to the “better organized north’’. 
To this the sensitive reader may react 


emotionally. However, since Nature is al 











scientific journal, let us look at the issue 
scientifically. 

In volumes 301-306 (1983) of your” 
journal, there are eight papers from Italian 
institutions. Of these two are from the 
south, four from central Italy, one from 
the north. The eighth paper, interestingly, 
was a collaboration among laboratories in 
the south, centre and north (Catania, 
Perugia, Torino). Such a small sample has 
no claim to statistical significance, but it 
does not support the notion of a north- 
south dichotomy with respect to research: 
output, whichis what CNR is about. More 
important, if we look for example to. 
modern biology, it is quite obvious that the” 
main thrust over the past twenty years has 
come from laboratories in Naples, which,- 
together with other CNR institutes that 
have developed from them, have today the 
highest concentration in the country of 
research and training programmes in 
molecular genetics and molecular biology. 

Nobody will deny the existence of a 
north-south gradient in economic develop- 
ment in Italy, the historical reasons for | 
which are complex and defy any facile” 
analysis. But it does not become Nature to 
perpetuate ill-founded clichés. The first: 
medical school in the Western world was 
established in Salerno, near Naples, more 
than a thousand years ago. Today, among 
the hardest-working scientists some are 
Neapolitans working in Naples. One of the © 
challenges facing the new president of 
CNR is to provide the physical facilities 
required for a more productive outcome of 
their efforts and of the talent of their young 
students. I am convinced that Luigi Rossi 
Bernardi will be equal to this challenge. 

LUCIO LUZZATTO 
Department of Haematology, 
Royal Postgraduate Medical School, 
Ducane Road, 
London W12 OHS, UK 


Sik — It is unpleasant to read in a scientific 
journal such as Nature an article carrying 
racist and superficial judgements about 
Italy and the state of its science (‘‘New 
Hope for Research Council’ Nature 11 
October, p.501). 

Phrases such as ‘‘colourful Neapolitan 
presidency” or ‘‘underdeveloped south of 
Italy’’ betray profound arrogance and 
ignorance. You also say that the new CNR 
president ‘‘as a scientist’? promises a 
scientific management of the research 
council that clashes with his political 
friendships (a truly scientific asset) and the 
most incredible statement of all —“. . . he 
comes from a medical department, medics 
being ‘the strongest mafia — in the best 
sense [my italics} in the Italian 
universities’ ’’. I agree on the strength of 
that particular mafia. But I am sceptical of 
any “best sense’? underlying that lobby. 
Mafia is mafia and no benefit can come 
from it to Italian science. 

FRANCESCO IZZO 
Casella Postale 87, 


7-05018 Orvieto, Italy ee 
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Genetic engineering and pharmaceuticals. 


from John Vane and Pedro Cuatrecasas 


Genetic engineering now allows biological synthesis and large-scale production of several proteins with therapeutic 
potential. The principal challenge in this sphere is to identify new, medically and commercially significant targets — the 
province of cell biologists, physiologists and biochemists, In the future, genetic engineering will surely provide in valuab. 

tools for the study of the molecular basis of cellular control and pathophysiology, which will permit biochemists d 


COMMENTARY- 


medicinal chemists to design novel medicines. 


THE essential ingredients of profitable new 
-ethical medicines are chemicals, which in 
“the past have been extracted from plants 
(digitalis), animals (insulin, vaccines), 
i living cell cultures (vaccines, interferon) or 
prepared. by the synthetic chemist (most 
“new drugs this century), What lies in the 
future with the advent of genetic engin- 
“eering? 





Medicines from organisms 

The extraction of chemicals. from organ- 
isms has been a source of important thera- 
pies for hundreds of years, giving us some 
of the most fundamental of today’s 
medicines, including digitalis, curare, 
ephedrine and atropine. Extraction of the 
ergot fungus growing on rye led to Henry 
~Dale’s discoveries and investigations of 
acetycholine, histamine and adrenaline. 

» More. recently, the extraction of moulds, 

iated by the penicillin saga, has 

culminated in a whole series of antibiotics, 

the -mycins and the -sporins, for example. 
‘Very recently, avermectins have been 
discovered in extracts from micro- 
organisms. 

_.. The surface of the Earth continues to be 
combed for further novel sources of 
therapeutic agents, although such efforts 
have become less productive in recent 
years. In the past 15 years, the search has 
even turned to the bed of the sea, but the 
Roche experimental marine station, set up 
in Australia for that purpose, has now been 
closed. The US National Cancer Institute’s 
search for natural products led to the dis- 

“covery of potent plant alkaloids but the 

“programme has been curtailed. Other 
interesting leads may arise from recent 
studies of Chinese medicinal preparations. 
But we may have to accept that the thera- 
peutic natural products have largely been 
discovered. 

How, if that should be the case, shall we 
maintain the therapies the natural products 
have provided? Digitalis, the cardiotonic 
drug, used in medicine in one form or 
another for at least 200 years and which 
stimulates the failing heart to beat better, is 
a good example. The ‘‘digoxin’’ of the 
1990s will come from one or more of the 

- following sources: 

_ @ The ground-up leaf of the foxglove, as 

© al present. 

i . ‘The leaves of “‘super-foxgloves’’ made to 

: “yield more digoxin than before, either 

‘sta dard -plant-breeding techniques 

manipulation. 






@ A tissue culture technique, based on 
growing foxglove cells as a slurry or on 
using immobilized plant cells. 

© Chemical synthesis of the complex 
active chemical in the laboratory and 
factory, provided that product is 
cheaper than the three above. 

© Replacement of digoxin by a therapeuti- 
cally superior simpler synthetic 
chemical that does a similar job, 
as evidenced by animal and clinical 
experiments. 

© The discovery of an endogenous 
digoxin-like substance that we all make 
when healthy, but which is deficient in 
disease. It is possible that such a 
substance exists (the natriuretic 
hormone)! and that digoxin 
stimulates the sites on cells designed to 
react to this natural substance. The 
identification of such a substance would 
provide a different starting point for the 
synthetic chemist. 

Digoxin is not a protein, and the genetic 
information required for its synthesis in the 
foxglove is probably so complicated that it 
is unlikely, in the foreseeable future, that 
gene transplants into other organisms will 
lead to cheaper synthesis. Thus, for 
digoxin, we can safely conclude that 
extraction of foxgloves (standard, super or 
slurry) will continue until such time as the 
medicinal and organic chemists provide 
better — cheaper, less toxic, more effi- 
caceous — alternatives. But that is likely to 
happen during the next decade. 

The same general conclusion can be 
extended to other natural products, bleo- 
mycin or adriamycin, for example, for the 
skills and power of the medicinal chemists 
have now outstripped nature. Computer 
chemistry will speed this process. 


Animal sources 


Other natural medicines are extracted from 
animal tissues or animal cell cultures. Two 
kind of extracts are possible. The first is 
typified by insulin, where a useful chemical 
is produced from the glands of animals 
(cows or pigs) which are bred and killed for 
other purposes. Thus, insulin is a valuable 
by-product of a different industry. 
Fractions of different components are also 
made from human blood. A more macabre 
example is the extraction of human growth 
hormone from the glands of dead people. 
The second kind of extract is the basis of 


the vaccine industry, which has tradition- 






































































ally relied on growing bacteria or viruses 
enormous quantities, treating them ji 
a way that their pathological activi 
but their capacity to immunize (imm 
genicity) retained. When the resultant 
“soup’’ is injected into animal or ma 
immune system reacts defensively to the 
antigenic content (usually a protein 
carbohydrate) in such a way that the who 
organism is prepared to defend itself 
against invasion by the living bacteria or 
virus. The soup sometimes contains live 
attenuated viruses which lead to actual 
viral replication in the host, thus eliciting a 
productive antibody response’ (as in 
mumps, measles, rubella, polio, yellow 
fever); such vaccines could not easily be 
supplanted by synthetic approaches, an 
they exhibit potent adjuvanticity. and lon 
term protection. 

Somewhere between the two exam 
are substances like interferon, interle 
urokinase and tissue plasminogen act 
with actual or potential thera) 
actions, Thesé can be produced in quantity 
from human cells grown in vitro. F 
example, human a-interferon can. be 
produced in commercial quantities by deep 
cell culture methods pioneered by Th 
Wellcome Foundation. 

Traditionally prepared vaccines would 
never meet the standards required of syn 
thetic medicines, with the demand that the 
inactive ingredients should be characte 
ized and that the active principle should be 
more than 90 per cent (and sometimes more 
than 99 per cent) pure. The antigen’ 
active ingredient of a vaccine may represen 
less than 1 per cent of the material in a 
mixture of hundreds of unknown’ by 
products of the bacterial, viral and animal 
material used to generate them. : 

It is in this overall field of- protein 
chemistry that genetic engineering offers t 
provide directly applicable products o 
therapeutic value and commercial: reward 
Large protein molecules are, at present, 
too complex for the synthetic chemist: to. 
tackle, so that the biosynthetic route 
offered by gene-splicing is enormously 
promising for the large-scale production of. 
these proteins. Furthermore, proteins of : 
animal origin often differ slightly i 
chemical structure from those of humar 
origin, so that when given to man- for- 
replacement or other therapeutic use, they. 
may be recognized as ‘‘foreign’’ and thus. 
lead to unwanted reactions. For. this. 
reason, an additional attraction of the 









gene-splicing route is that it can provide 
human proteins. Many of these, such as 
insulin, interferons and growth hormone, 
have already been successfully prepared 
and are either on the market or in clinical 
trial. The major challenges lie within a 
limited number of potential candidates 
from which only a few may offer signifi- 
cant medical value and commercial 
potential. 


“Gene products 


. We are now seeing the commercialization 
of insulin and interferons derived by gene- 
_ splicing techniques. Human insulin is 
already on the market. However, it is still 
not.clear whether the investment that has 
been made to fulfill this specific purpose 
will ever be justified by sales of human 
insulin alone. Immunogenic intolerance to 
bovine or porcine insulin (requiring treat- 
ment with human material) is extremely 
rare, the synthetic insulin appears to 
produce immunological problems of its 
own and, in any case, the present pancreas- 
extracted insulins are cheap. The 
extraction from the pancreas of animals is 
not only a side-product of the meat 
industry, but has also become a multi- 
faceted industry in its own right, yielding 
enzymes as well as insulin; until the 
zymes as well as the insulin are more 
aply available from gene- -splicing 
chniques, the very slight differences in 
ide effects predicted for human insulin 
y not provide the necessary commercial 
edge. Moreover, some of the goals of 
netically engineered “new” or different 
proteins can also be achieved by chemical 
modification (by traditional techniques) of 
vailable proteins (such as bovine insulin). 
uman insulin derived from gene splicing 
nay turn out to be a ‘‘loss leader’’. 

Biosynthetic interferons could well be 

ferent. There are aspirations that if a 
ene-spliced interferon can be made pure 
and commercially viable, it may be used in 

-onditions such as the common cold? and 

or other viral diseases, including in- 

luenza, although present experience 
uggests that the side effects may not be 
cceptable for most of the self-limiting and 
id viral diseases. Given that more re- 
ictory medical conditions (such as 
epatitis and solid tumours) respond to 
erferons, they may be particularly 
{tractive targets for, unlike insulin, (1) 
hey are not available in any single tissue or 
gan for simple extraction (they are not 
red in tissues); (2), they have proved 
remely difficult to purify in significant 
juantities; (3) there are several chemically 
istinct classes (and probably subclasses) 
f the hormone and, (4), large amounts are 
needed for clinical experimentation simply 
0 determine their specific utility. 

Other human proteins also in the sights 
oof the genetic engineers include growth 
‘hormone (but will it be commercially 
viable?), serum albumin, urokinase, plas- 
-aminogen activator, factor VIII and 








lymphokines (the potential applications of 
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which are presently unknown). Most such 
potential medicines will need to be injected 
because of their chemical nature. Drugs 
available orally will always have more 
appeal than drugs given by other routes. 
Simpler but equally effective small 
molecules capable of synthesis by chemists 
will always be more attractive than 
complex proteins, no matter how synthes- 
ized. It is for these (and other related) 
reasons that the biosynthetic route, 
including gene-splicing, will always be 
threatened by advances in biology and 
biochemistry and by chemical techniques. 
In fact in most spheres of activity, the 
genetic engineering approach to the bio- 
synthesis of specific molecules is a prelude 
to (and will encourage) development of 
superior and less expensive alternatives by 
organic chemists and biochemists. 

The genetic engineering approach, coup- 
led with Milstein’s monoclonal antibodies! 
and affinity methods for protein purifi- 
cation’, already offers an alternative 
method for the characterization of protein- 
aceous hormones, transmitters and 
neuropeptides of potential therapeutic 
importance. Many such hormones (enke- 
phalins, endorphins, interleukins, morphi- 
ceptin, lymphokines, transforming pep- 
tides, macrocortin) have been recognized 
in the past few years, and there are clearly 
many more to come. The tools of the 
genetic engineer will provide reagents that 
will contribute greatly to this field. Not 
only will the new techniques provide large 
quantities of pure peptides for study, but 
they will also assist in identifying and 
isolating the targets, or receptors, of their 
action. New and important therapeutic 
avenues must arise from this work, Recom- 
binant genetic approaches will be invalu- 
able for the study of cellular control 
mechanisms. Furthermore, recent 
advances in understanding the nature, 
chemical structure and function of 
numerous receptors provide essential 
information for the medicinal chemist. The 
ultimate therapeutic value of highly active 
molecules such as interferon, insulin, 
growth factors and lymphokines lies not so 
much in their end-use as therapeutic 
agents, but more in what they teach us 
about the disease process. It is in this 
context of new knowledge and understand- 
ing that truly selective and rationally 
derived new therapeutic agents will arise. 
Thus, understanding of the mode of action 
of peptide transforming growth factors, 
and the expression and target activity of 
oncogenes, may ultimately lead to the 
selective control of the malignant state. 


Vaccines 


Genetic engineering offers many oppor- 
tunities for the development of new and 
improved vaccines. Some, like foot and 
mouth disease vaccine (FMDV) and 
hepatitis, are near at hand. Others, like a 
human malaria vaccine, are within sight*. 
The targets range from an attack on present 


markets such as FMDV through a range of | 
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achievable new human and animal vaccines 
against bacterial, viral and protozoal. - 
infections, to still hypothetical vaccines 
that might make sheep the size of | 
elephants, or prevent pregnancy. Those 
who side with prophylactic rather than 
therapeutic medicine can only be 
strengthened by the reality of gene- 
splicing. The progress that may be expected 
in the vaccine field is shown in Fig. 1. We 
are through phases A and B and into phase 
C. To understand the further progress 
which is possible needs only an elementary 
understanding of protein chemistry. The < 
amino acids from which proteins are strung 
together are each about the same chemical 
size (molecular weight about 150) as one of 
Dale’s transmitters, such as histamine or 
adrenaline. While the smallest of the 
proteins (or peptides) of 1 to 50 amino 
acids, such as angiotensin, may retain a 
linear structure, larger proteins (several 
hundred amino acids) wrap up into a three- 
dimensional complex, each with its own 
geographical characteristics determined by 
the type and number of amino acids. 

Although it was originally thought that 
the ability of foreign proteins to stimulate’: 
the body to react defensively by producing 
antibodies (their immunogenicity) was 
linked primarily to the shape or tertiary 
structure of the whole molecule, studies 
with plant and bacterial viruses have shown 
that antiviral activity can be elicited by a 
small synthetic peptide corresponding to a 
region of the antigen involved in virus 
neutralization®. This work has been 
extended to animal viruses to induce an 
immune response to FMDV using a small 
linear part (14 amino acids) of the protein 
antigen’, This suggests that “a small 
peptide may be able to adopt a confor- 
mation approximating that which it 
assumes in the virus particle”, Similarly, 
total synthesis of a diphtheria vaccine 
based on fewer than 20 amino acid residues 
has been achieved’, 

Whatever may be the conformation 
needed to elicit antibody activity with such 
peptides, these results imply enormous 
consequences for the production of anti- 
gens by gene splicing techniques. For a pep- 
tide consisting of a score of amino acids is 
well within the scope of synthesis by 
medicinal chemists, and so is potentially a 
synthetic chemical rather than a bio- 
synthetic chemical or a ‘‘biological’’. 
Clearly, should this work be predictive for 
other single protein vaccines, the transition 
from phase C to phase D (Fig. 1) could well 
take place in the next few years. 

Ten years ago, the idea of a peptide 
carrying activity into the body via the oral 
route was totally unrealistic, simply 
because the gut is designed to break down 
and provide'a protective impermeable bar- 
rier for larger molecules (with, say, mole- 
cular weight exceeding 1,500). Now, orally 
active molecules based on a peptide 
structure are becoming common, through 
the skilful insertion. of ‘‘unnatural’’ 


substituents. Two examples will illustrate 


Relies on: 


Empirical knowledge 
Living atrenuated and 
crude killed vaccines 


A) Cotiventional vaccines 


Large scale culture 
including mamalian cell 
culture 
Purification of antigens 
Genetic basis for virulence 
immunological understanding 


B- Improved vaccines 


Monoclonal antibodies 

Pure antigens 

Gene cloning and sequencing 
improved adjuvants 


C. Single-protein vaccines 


D: i-Simpler synthetic peptide vaccines Immunochemistry 
i Computer chemistry 
Understanding of basis of 


adjuvanticity 


“E: Simpie synthetic peptide vaccines. 
ocuattive orally 


Medicinal chemistry 
i Me 1 ‘The pattern of progress in vaccine production. 


the point. The first is the development of 
the drug Captopril, an antihypertensive 
agent based upon inhibition of angiotensin 
converting enzyme. The first such inhibi- 
‘tors were peptides extracted from snake 
venom’, Knowledge of their structures led 
to. the synthesis? of a hybrid molecule 
which retained the required activity, but 
was orally active. The second example is in 
the field of enkephalins, where replace- 
ment of the naturally occurring L-amino 
«acids (such as alanine) in the pentapeptide 
«by the unnatural D-isomer'' conferred a 
stability against enzyme degradation which 
‘allowed oral activity. 

<c Thus, the transition from phase D to 
ase E (Fig. 1) is already theoretically 
ossible. But a serious limitation to 
progress (even from B to C) is the need to 
strengthen the body’s immunological 
recognition of and reaction to antigens by 
-the use of adjuvants. This is easier to do in 
animals because adjuvants of a more toxic 
(or inflammatory) nature can be used. In 
man, anything worse than a sore arm for a 
“few days would be unacceptable. For this 
‘reason, it is essential that better adjuvants 
-be found. Perhaps even more important, 
we need to understand the mechanism of 
action of adjuvants in order to go to phase 
“Ey This has, surprisingly, been a generally 
refractory field of research. 


‘Chemical synthesis 
Virtually all new chemical entities of major 
-therapeutic importance in the immediate 
past (such as propranolol, allopurinol, 
acyclovir, cimetidine) have arisen from 
chemical synthesis, and will do so in the 
future. There have recently been 
stupendous advances in biology and medi- 
cine, and numerous new molecular targets 
(enzymes, receptors, transmitters, 
mediators) are presently being identified as 
attractive and rational therapeutic points 
of leverage. At the same time, the ancillary 
tools are becoming ever more powerful. 
_ Furthermore, the automation of chemical 
eactions is allowing the synthesis of 
olecules of -a type, and on a scale, 
eard of even 20 years ago. This is 
pecially true of the peptide field. On the 
the synthetic chemist is able to 
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the peptide needed to convey a specific 
antigenicity as a vaccine is getting smaller. 
It seems inevitable, therefore, that the 
medicinal chemist will eventually dominate 
prophylaxis as well as therapeutics. 

Another enabling method that rein- 
forces this conclusion is the computer 
chemistry or computer graphic tech- 
nique”. By visualizing the actual tertiary 
structure of receptors (also proteins), and 
the ways in which drugs interact with their 
active sites, the rate at which the chemist 
will be able deliberately to design 
heterocyclic molecules to fit into or modify 
such sites will be increased dramatically. 
These methods should yield standard 
principles applicable to the synthesis of 
unique custom-made molecules. For 
example, sufficient knowledge regarding 
the manner by which insulin (or interferon) 
interacts with its receptor at the molecular 
level should lead chemists to the design and 
synthesis of simpler, yet specific small 
molecules, not necessarily peptides, which 
will do the same (or a better) job as insulin 
{or interferon). The complex biological 
molecules will then no longer be needed as 
medicines. 


Drug delivery 


A new chemical entity, whether synthetic 
or biosynthetic, not only has to be active 
but also has to reach that part of the body 
where it is needed. Where an illness is asso- 
ciated with a particular organ (such as the 
liver or lungs), or with a discrete site (such 
as a solid tumour), it is advantageous to try 
to concentrate the drug in that tissue 
needing treatment, so that adverse effects 
on other tissues are minimized. 

Simple ways of localizing or concen- 
trating drugs have been known for many 
years. The inhalation of anti-asthmatic 
drugs theoretically takes substances 
directly to the organ concerned. A more 
exotic way of delivering drugs to a 
particular site or organ is to tie them to a 
messenger addressed to that organ. Anti- 
bodies directed at particular tissues have an 
obvious potential, and many groups are 
now searching for monoclonal antibodies 
that will attach specifically to cancer cells. 
A general antibody that reacts with cancer 
cells but not with normal cells will have not 
only diagnostic application but also the 
potential to carry a toxic message directed 
only at cancer cells. A further advance (if 
not a requirement, for selectivity) will be to 
direct the messengers to molecular entities 
on the cell surface which are normally 
destined to be internalized, or directly to 
the interior of selected cells, where they can 
do their damage. 

This is an area of development in the 
biotechnology field of substantial 
importance. It is unlikely that, in the 
forseeable future, medicinal chemists will 
find better messengers than can the 
immunologists. But the skills of the 
medicinal chemist will be needed to put the 
message into the hands of the specific 


chemical messengers and even to devise the 
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nature of the message, which’ may ‘be 
radiochemical. 


Future prospects 


Over the next 20 years the vario 
techniques associated with ‘‘gene! 
engineering” will infiltrate all fields o: 
industry and science. Agriculture, energy 
supply and farming will all become more 
efficient. In science in general, and in tho: 
sciences applicable to the pharmaceutical 
industry in particular, there will: be 
substantial acceleration in the acquisiti 
of knowledge of the working of differen 
cells, and of the ways in which they co 
municate with each other. Monocle 
antibodies and gene cloning will: 
contribute significantly to the diagnosis 
and correction of genetic disorde 
Importantly, the very knowledge: which 
will be generated by the techniques wil 
enable other disciplines, such as phar 
macology, biochemistry and chemistry, to 
reap the fruits of progress. : 

At the same time, however, the synthe tic 
chemical routes will eventually replace the 
biosynthetic routes offered by gene 
splicing. For example, breakthroughs with 
synthetic chemical antiviral agents, suchas 
Wellcome’s new antiherpes drug, acyclo: 
vir”, will be followed by others that could 
make interferon obsolete. Similar! 
insulin will be supplanted when the 
discovered small molecules which mi 
action (as opioids, enkephalins ande 
phins can resemble each other at recep 
sites). Other simpler molecules will surel 
replace macrocortin, interleukins 
endorphins, peptide hormones and so on. 

From all this, it should be evident. thai 
the thrust of innovation depends on man 
disciplines working together. Creatis 
biology and medicine must be the enablin; 
force, by providing a body of knowledg 
which can be exploited by chemistry. 
addition, the skills of the genetic engineer 
and the immunologist are essential not only. 
to provide new (if temporary) prophylaxis 
and therapy but, much more importantly, 
to contribute to fundamental knowledge 
For this reason, they should be integrated 
as closely as possible into the existin, 
patterns of discovery rather than. be 
isolated, as means to commercial ends, in 
their own compartments. i 
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NEWS AND VIEW 





‘ho will clone a chromosome? 


The cloning of factor VIII, on which most haemophiliacs depend, is a technical triumph without parallel, 
but has left important questions unanswered. They rest for others. 


By sad coincidence, this week there may be 
special interest in the publication of four 
long articles (pp.326 et seq.) describing 
how. two groups in the United States have 
been able to isolate the gene responsible for 
human factor VIII, one of the essential 

‘omponents of the blood-clotting system. 
The significance of this development is 

escribed on p.326 by Professor George 
Brownlee and Dr Charles Rizza. 

They explain that Genentech and the 
: Genetics Institute have been able to clone 
the gene for factor VIII, to work out its 
mucleotide sequence, to infer the way in 
which the corresponding very large protein 
molecule is put together from amino acids 
and even to devise a system by means of 
which. factor VIII may eventually be 
anufactured in large quantities. 
This is also the week in which people in 
stralia have been startled by the news of 
death of at least three infants as a 
équence of tranfusion with blood now 
pected of being contaminated with the 
s (called HTLVHI) responsible for 
quired immune deficiency syndrome 

IDS), and in which a British 

emophilia patient died from what 

pear to have been similar causes, the 
‘ontamination of supposedly pure factor 
VIT by the same virus. 

Although people in the United States 
ave been familiar with such tragic 
appenings for at least two years, the 
spread of this bad news is a chilling 
eminder both of the dangers to us all 

ibodied by the virus responsible for 

IDS and of the urgency of the need for a 

‘ocess. for producing factor VIH that 
may be free from risks of that kind. It is 
especially cruel that people suffering from 
jaemophilia, already a sufficient hazard to 
eace of mind, should now be exposed toa 
urther risk over which they have liter- 
ily no control. Whatever the commercial 
interests of those responsible for this 
week’s reports, their fleetness of foot will 
arn full-throated congratulation. Such is 
he promise of what we call genetic 
ngineering. 

Unfortunately, this week’s clutch of 

papers will also help to give that field a less 

nviable reputation. In the application of 
molecular biology to practical affairs, it is 
for the time being clear that bigger battal- 
“tons move faster. So is there a danger, 
_already explicit in high-energy physics, that 
the list of the names of the authors of a 
scientific article will be longer than a 
reasonably succinct listing of its 





conclusions? Readers must judge for them- 
selves, recognizing as they do so the 
extraordinary character of what has been 
accomplished. 

Hitherto, even the natural site at which 
factor VIII is synthesized has not been 
known (but the liver was always a can- 
didate), the protein molecule is the largest 
whose genetic origin has yet been 
characterized and the circumstance that the 
protein (but not, yet, the glycosylation 
parts that naturally go with it) can actually 
be manufactured on a laboratory scale 
would not have been thought possible even 
at the beginning of this year. 

Two sceptics’ questions nevertheless 
arise, the first of which is whether, in the 
single-minded pursuit of something of un- 
doubted value, those responsible for this 
staggering exploit may have neglected 
tantalizing scientific issues that could in the 
end turn out to be more interesting. And, 
perhaps, even more important. 

Here is an example. To many readers, 
the most arresting feature of the stack of 
papers now published will be the informa- 
tion, mentioned almost in passing by both 
groups, that part of the factor VII 
molecule now synthesized resembles in its 
amino acid sequence part of the molecule 
of a quite unrelated protein, the plasma 
protein called ceruloplasmin, whose 
function is for the time being largely 
unknown. Ceruloplasmin has two unam- 
biguous properties — it is blue in colour 
(which is what its name implies) and it 
binds copper atoms (between four and six 
per molecule). But properly supplied with 
copper, ceruloplasmin is an oxidizing 
enzyme, The common guess is that its 
function in the human plasma is to convert 
ferrous (Fe?* ) into ferric (Fe?*) ions. But 
nobody seems to have conclusive proof. 

So why, teleologically speaking, should 
factor VHI resemble such a molecule? 
There are obviously several candidate 
answers. Perhaps factor VIH, like cerulo- 
plasmin, also binds copper atoms in ways 
that are important to its function. 
(Molecules of factor V, the analogous 
component of the blood-clotting system, 
have at least one copper-binding site.) As 
yet, it seems, nobody has checked. 

It is also, however, possible that 
evolution, always ingenious, may have hit 
on a way of using a pre-existing molecular 
structure (ceruloplasmin) as a way of 
helping blood to clot rather than its normal 
function, for the sake of argument that 


defying the second law of thermo- 








dynamics, by banishing ferrous ions when: 
they would normally occur. (Ferrous ions 
are an obvious threat to living things; 
ferrous chloride is virtually insoluble, they |. 
form free radicals easily.) The trouble is”. 
that is nobody, even now (and after reading © 
pp.326 et seg.) can know whether factor ` 
VIII is a copper binding protein. Factor V 
is, but that could be a different matter, 

In normal times, if the field were stag- 
nant, these speculations would have been 
suitable material for a successful grant 
application (or several). So too would have 
been some of the other questions not 
merely unanswered but unasked by pp.326. 
et seq. Why (or, rather, how) does it come.” 
about that such a basic system as that re- 
sponsible for the clotting of blood should. 
require not one enzyme but several? = 
(Because evolution has found it to be worth- 
while, at the margin as the economists |. 
would say, to win a little extra efficiency at | 
the cost of a great deal of extraelaboration, - 
perhaps because the molecules required for . 
these marginal purposes were already in 
essence available.) Why are the compo- 
nents of the blood-clotting system distri- 
buted so widely on the human chromo- 
somes? (The same answer applies; they are 
where they happened to be, so to speak.) 

But how does factor VIH function? 
What is the mechanism by which, in human 
plasma (and in association with another 
shadowy plasma protein, von Willebrand’s 
factor) it catalyses the tranformation of 
factor Xa? Nobody has begun to guess 
what may be at the bottom of this process. _ 
Nobody can be blamed, for even a few: 
months ago the question would have 
seemed insufferably impertinent. Yet it 
needs to be answered, and quickly. ae 

That raises the second question about . 
the balance of this triumphant effort in the 
cloning of factor VILI that may yet come 
round to haunt the cloners — is it feasible 
to think of manufacturing by the kilo a 
molecule as large as that of factor VILL. 
without risking that it will emerge cor- 
rupted, or as bad, ineffective, from the 
production line? Obviously, the genetic 
engineers would prefer to be manufac- 
turing a simpler molecule, one related to 
the molecule whose structure had now been 
described, as a few amino acids in an 
antigenic molecule may represent the bio- 
logical activity of the entire structure, Will 
that be feasible? Time; at the worst, will 
tell. Otherwise, a little research may make 
the question answerable. oe 
John Maddox 
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Clotting factor VIII cloned 


from George G. Brownlee and Charles Rizza 


ONE of the most exciting and ambitious 
goals of the biotechnology industry has 
‘been achieved. In papers that begin on page 
326 of this issue, both Genentech, assisted 
by Tuddenham and colleagues of the Royal 
‘Free Hospital, London, and Genetics Insti- 
tute, assisted by Fass and Knutson of the 
Mayo Clinic, Rochester, report the cloning 
‘of DNA for human blood clotting factor 
VIII:C and the production of the factor 
‘from cloned DNA expressed in mam- 
malian cell lines. 

: Clotting factor VIII:C is the name given 
to the protein that is absent or defective in 
patients with classical haemophilia (hae- 
mophilia A), a'sex-linked bleeding disorder 
-of about 20 per 100,000 males. In the blood 
Stream, factor VIII:C is associated with 
‘another protein, known as von Willebrand 
protein or factor VIII-related antigen, but 
factor VIII:C is solely responsible for the 
clotting activity of the complex (which is 
loosely termed factor VIII). Injection of 
factor VII obtained from donor blood 
‘allows haemophiliacs to be successfully 
managed. But, unfortunately, the factor 
‘VIII preparations in use at the moment 
carry a high risk of transmitting blood- 
me viruses such as non-A, non-B hepa- 
titis virus. The virus that is thought to cause 
‘AIDS may also contaminate preparations 
and, although relatively few haemophiliacs 
have been affected so far, the fear of the 
disease has caused great anxiety to patients, 
their families and their doctors. A 
genetically-engineered. factor VIEI:C 
derived from a source other than blood 
should be free of such viruses. It should 
also be cheaper. 

Both groups have used similar methods 
for the DNA cloning and expression of 
factor VII:C and report very similar 
results. Oligonucleotide probes were syn- 
thesized on the basis of small sections of 

the amino acid sequence of purified factor 
“VHEC (either pig or human in origin), and 
used to screen an appropriate library of 
genomic clones to identify part of the 
factor VIII:C gene. The gene itself turned 
out to be extraordinarily long (180 kilo- 
bases), to have 26 exons and to occupy an 
estimated 0.1 per cent of the X chromo- 
some (see Gitschier ef a/,on page 326 for 
further details). 

For expression of protein it was 
necessary to isolate cDNA clones. These 
were obtained either from a human T-cell 
hybridoma line (Genentech) or from 
















schuman liver (Genetics Institute) and. 


Sequence analyses allowed the derivation 
_of the entire 2,332 amino acid sequences of 
mature protein. Both groups (but see 
ar et al. on page 337 for an extended 
ssion), note that the protein is highly 
and has: an obvious domain 













structure with predictable homology to 
another clotting factor, factor V, but also 
an unpredicted homology to ceruloplasmin 
~~ a serum protein believed to be involved 
in copper ion transport in the blood. The 
protein sequence also allows the definition 
of the main sites that are cleaved by 
thrombin in the process of activation of 
factor VIEC. 

The expression of factor VII:C in mam- 
malian cells required the reconstruction of 
a full length cDNA clone and its attach- 
ment to a viral promoter sequence. When 
this construction was introduced into 
either a hamster kidney cell line (Genen- 
tech) or a monkey kidney cell line (Genetics 
Institute), a human factor VIII:C-like 
activity was secreted into the media in 
which the cells were grown. The concen- 
trations of factor VIII:C-like activity in the 
media were about one per cent (Genetics 
Institute) or seven per cent (Genentech) of 
the normal plasma concentration as 
assayed by a sensitive biochemical test 
based on the activation of factor X and 
hydrolysis of a chromogenic substrate. 
Furthermore, both groups showed that the 
secreted activity (further purified by 
affinity chromatography at Genentech) 
was able to correct the clotting time of 
plasma from a haemophiliac. Evidence 
that these assays are indeed a measure of 
factor VIII:C and not of some other 
clotting factor or non-specific activity, was 
provided by two additional tests carried 
out by both groups. In the first, the clotting 
activity was shown to be increased by 




































thrombin, a normal physiological activat 
of factor VIII:C. In the second, it wi 
shown to be inhibited by specific fact 
VHI:C antibodies. The Genentech group 
also showed that, like authentic fact 
VIII:C, their substance bound reversibl: 
the von Willebrand protein immobilized on 
an affinity column and that its activity wa: 
destroyed by protein C — a serine protease 
of plasma that can inactivate factor 
VHC. 
What is the outlook for treatment 
haemophiliacs? It is clear from previo 
experience with genetically-enginee 
products that we must anticipate som 
delay, perhaps 3-5 years, before a saf 
effective and clinically-tested product iso 
the market. The expression .of 
VIII:C reported by both groups is very lo 
and it is probable that more effecti 
vectors or host-cell systems will have to t 
devised. Effective large-scale tissue cultur: 
and purification methods will also have 
be developed. These may differ from € 
ing procedures for purification of factor 
VIL from blood. We emphasize the n 
for a high purity product to guard against 
the possibility of any pathogenic material 
from the culture being introduced. 
haemophiliacs. It would be unacceptab 
to eliminate the risk of AIDS but sub: 
anew hazard. There remains the possibili 
that the genetically-engineered fa 
VHI:C, although of proven activity in 
test-tube assay, may not be as effect 
vivo. This can only be adequately teste: 
clinical trials of the product, the oute 
of which must be eagerly awaited. 
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Astrophysics 


Evolution of star-planet systems 


from Geoffrey Bath 


A PROBLEM at the heart of stellar astro- 
physics is the role of angular momentum in 
the evolution of stars. This statement may 
seem controversial, given the profound 
success of stellar evolution theory in des- 
cribing quantitatively the nucleosynthesis 
of the elements and the evolutionary 
transformation in the structure of stars as 
they perform their function as cosmic 
alchemists. The theory of stellar evolution 
has been largely developed without 
involving rotation in any major way. But a 
recent paper by M. Livio and N. Soker 
(Mon. Not. R. astr. Soc. 208, 763; 1984) 
raises the dramatic possibility that the evo- 


“lutionary fate of many single stars accom- 


panied by planets could be both binary star 
systems and exploding variables. 
Certainly, in the case of the Sun, present 


angular momentum, if rotation is uniform, 




















is quite unimportant in determining 
structure or immediate evolutionary 
future. The Sun cannot, however, be 
considered as an isolated unit; it is only o 
part — albeit by far the most massive part 
— of the Solar System. The angular 
momentum of the planets is sixty times 
greater than that of the Sun’s own, 
assuming solid-body rotation in the inner 
core. Furthermore, the initial solar nebula, 
with a minimum mass of some 3 per cent 
of the Sun’s mass, must have possessed 
an even greater fraction of angular 
momentum. 

In the case of binary stars, angular 
momentum plays a very important partin 
determining their present binary state and 
subsequent evolution. In binaries, angul 
momentum decreases with decreasing — 
separation. Even for W Ursae Majoris — 





ss and approximately main-sequence 
rs are orbiting in physical contact, 
changing energy and surrounded by a 
mmon envelope, the angular momentum 
hundreds of times greater than that of the 
sun. Since more than one-half of all starsin 
the Galaxy are binaries, then if potential 
planetary systems around single stars are 
ignored, the significance of angular 
momentum is evident. 

It was angular momentum considera- 
tions of these sorts that led Otto Struve in 
the 1940s to make the radical hypothesis of 
an evolutionary sequence that goes from 

iant- binaries to dwarf binaries, and then 

single stars with accompanying planets. 
He envisaged this being a result of the 
progressive dissipation of energy and loss 

f angular momentum associated with 
turbulence and differential rotation that 
von Weizacker was then advocating. As a 
general evolutionary theory Struve’s 
notion has to be rejected, largely on the 
grounds that the dissipation time scales are 
too long in general to compete with nucleo- 
synthesis as the main process of stellar 

geing. There is incontrovertible evidence, 
however, that at least some stages of 

truve’s sequence have been significant 
nd.account for the formation of at least 
he important class of stars, the 
aclysmic variables — though how is still 
atter of debate. 
‘ataclysmic variables are binaries 
posed of a main-sequence star and 
te dwarf companion. The stars are so 
e that material from the surface layers 
the distorted, pear-shaped, but other- 
e apparently normal main-sequence 
ar is being gravitationally captured by 
ie white dwarf. Cataclysmic eruptions 
haracterize these stars as novae and 
lated exploding stars, generated both by 
unstable bursts in the mass transfer process 
ind. through runaway nuclear fusion 
actions in the accreted hydrogen-rich 
aterial-on the white dwarf surface. 
One outstanding problem is the origin 
of these variables. Why is a white dwarf, 
hich is formed in the deep interior of a red 
ant, now so close to a main-sequence 
tar? In.order to allow its precursor giant to 
form, the separation there must have been 
200 solar radii (RJ, whereas now it isœ2 
Evidently either angular momentum 
has been lost, and lost relatively rapidly, or 
in extreme mass ratio originally allowed 
large separation with the present quota of 
angular momentum. 
Livio and Soker have been exploring in 
some detail the second hypothesis, as 
‘iginally advanced by P. Eggelton. They 
have examined the interaction of a planet 
mersed within a red giant’s extended 
velope. As it orbits within the envelope, 
es are raised, viscous drag leads to 
ssipation and loss of orbital energy, and 
in certain conditions mass may be accreted 
efficiently. As a result, the planet acts as a 
_ catalyst, spiralling in through the envelope 
“and accreting some fraction of the stellar 


owever, in 1 which Iwo yo relatively low- ‘ 


material as it does so. Livio and Soker find 
that the final mass of the planet is almost 
independent of the initial planet’s ‘seed’ 
mass and is ~ 0.14 Me, whereas the 
separation falls from 400 Rẹ to the range 
8.6-0.5 Ro. In this model for the creation 
of cataclysmic variables, loss of angular 
momentum is not invoked. Rather it is the 
change from the extreme mass ratio of a 
planet-giant system to the less extreme 
dwarf-white dwarf system that drives the 
two components together. 

The present treatment is limited to 
somewhat ad hoc envelope conditions 
and assumptions of angular momentum 
conservation. Nonetheless, the principles 
by which a planet or intermediate dwarf 
may be converted into a low-mass main- 
sequence star, via the stripping of a red 
giant envelope to expose the degenerate 
core, are clearly revealed. More recent 
work by the same group shows that the 














same features are present when the giant — 
envelope reacts self-consistently to the 

spiralling process: If this is proved by — 
future observational tests to be the origin 
of cataclysmic variables, Struve’s ideas will. 
have found some support, but with the. 
important difference that the evolution 
from a wide planetary system to close“ 
interacting binary is in the opposite sense 

to Struve’s early thesis. But then stellar 

evolution of single stars was long thought, 

erroneously, to proceed from red giant to 

main-sequence dwarf. With the idea that- 
the fate of our own Solar System might.” 
conceivably lie as a cataclysmic nova, a` 
new possible future for the Sun has to be: 
confronted. ee 
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Molecular biology 


Multiple levels of gene 
control in eukaryotic cells 


from Geoffrey North 


How can a gene be regulated by steroid 
hormones in some cells of a chicken and 
not in others, in which it is either expressed 
constitutively or not at all, even though 
both categories of cells may contain 
perfectly functional steroid hormone 
receptors? And how is the level of expres- 
sion of immunoglobulin heavy-chain genes 
increased approximately 30-fold when B 
lymphocytes differentiate into antibody- 
secreting plasma cells? The possible 
answers to these puzzles, which emerged at 
a recent meeting’, illustrate how multiple 
levels of control combine to ensure that the 
right genes of eukaryotes are expressed at 
the right times, in the right amounts and in 
the appropriate cells. 

The pattern of immunoglobulin heavy- 
chain gene expression in B cells has been 
presumed to be at least partially accounted 
for by the ‘enhancers’ that were discovered 
last year between the joining (J) and first 
constant (Cy) exons of both human and 
mouse genes'-}. These were the first gene- 
regulatory sequences of eukaryotes to be 
discovered that manifest cell-type 
specificity. Typically for enhancers, they 
can stimulate transcription of a gene 
whichever orientation they are in and at 
variable distances upstream or down- 
stream from the gene. However, as W. 
Schaffner (Institute fir Molekular- 
biologie, Zürich) explained in Heidelberg, 
this clearly cannot be the whole story. 

The original evidence that these 
enhancers are cell-type specific came from 
experiments in which they were linked in 





“The Control of Transcription m Eukaryotes, 
EMBO symposium, 24-27 September 1984, aes 
Molecular Biology Laboratory, Heidelberg, FRG. 
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dito a promoter © o ‘the immunoglobulin 


various ways to a test gene, such as that 
encoding f -globin, which was subse- 
quently shown to be efficiently expressed in ` 
transfected B cells but not in other cell- ` 
types, such as fibroblasts or epithelial cels. ` 
However, Schaffner reported that a test 
gene (the T-antigen gene) linked to a mouse 
immunoglobulin heavy chain gene en- 
hancer is expressed as efficiently in pre-B 
and B cells as in plasma cells, even though 
the level of expression of the endogenous 
immunoglobulin heavy-chain gene increases 
dramatically as B cells are stimulated to 
differentiate into plasma cells. 

This observation has led Schaffner and 
his colleagues to investigate just how the 
rates of transcription of the immuno- 
globulin heavy-chain gene compare in. 
pre-B, Band plasma cells, Surprisingly, the 
rates turn out to be identical at each stage 
of B-cell differentiation, so the higher level 
of immunoglobulin heavy chain mRNA in- 
plasma cells than in pre-B and B cells must * 
be the result of some post-transcriptional 
control mechanism, such as a change in 
RNA stability. 

Further support for this inference comes 
from the observation reported by M. 
Neuberger (MRC Laboratory of Molecular’ 
Biology, Cambridge) that when the. 
immunoglobulin heavy-chain gene itself is 
reintroduced into pre-B, B or plasma cells 
under the control of its own enhancer, its 
level of expression reflects that of the 
endogenous gene, Neuberger also reported 
evidence that the enhancer is not the only 
component of the immunoglobulin heavy- 
chain gene to manifest cell-type specificity: 
the coding region of a Bf globin gene linked 
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heavy-chain gene (which flanks the 5’ side 
of the variable, V, region) is properly 
‘transcribed only in B cells, even when 
linked to the SV40 enhancer, which is 
known to work in many different cell- 
types. Neuberger suggested that this 
specificity may be conferred by the 
conserved sequence that has been found 
upstream of all immunoglobulin gene V 
regions sequenced to date*. 

The precise role of enhancer sequences in 
immunoglobulin gene expression has also 
been brought into question by two 
observations. First, the À light-chain gene 
does not seem to have one, and second the 
‘translocations that frequently have 
: juxtaposed immunoglobulin genes with the 
‘c-myc gene in B-cell malignancies more 
often than not have removed the enhancer 
to the reciprocal translocated chromosome 
(sees ref.7 and references therein), The 
implication of the latter observation is that 
the immunoglobulin gene enhancer cannot 
be directly responsible for the deregulation 
of the c-myc gene that is thought to have 
played a key role in these types of cellular 
transformation’. 

A similar apparent lack of a requirement 
for an enhancer is shown by the continued 
heavy-chain gene expression after spontan- 
eous deletion of regions of the gene that 
include the enhancer®”. For one of these 
cases, that of a 6 heavy-chain-producing 
‘mouse hybridoma cell line’, Schaffner’s 
group has preliminary evidence that the 
Joned enhancerless gene must be linked to 
“a new enhancer in order to be expressed 
when it is reintroduced into B cells. On that 
basis, Schaffner suggests that enhancers 
are perhaps required for the establishment 
` of transcription, but are not essential for its 

maintenance. As Schaffner pointed out, 
this could account for the apparent lack 
of requirement for an enhancer for the 
deregulation of translocated myc genes. 

If this is so, then why are genes that are 
turned on by steroid hormones turned off 
again when the hormone is withdrawn, 
given that the sequences upstream of genes 

that confer steroid-responsiveness now 

seem to be just like the inducible enhan- 
ccers!®™!!? A possible clue may be in some 
results reported in Heidelberg by P 
Chambon (Institut de Chimie Biologique, 
Strasbourg). 

The principal aim of the experiments 
reported by Chambon, like those reported 
by G. Schutz (Institute of Cell and Tumor 
Biology, Heidelberg) was, however, to 
answer the puzzle posed in the first 
sentence of this article — how can one 
account for the different patterns of 
expression of steroid-inducible genes in 
different cell types, all of which contain the 
appropriate steroid hormone receptors. 

“For example, the chicken ovalbumin 












cells, in. which the vitellogenin gene. is 
a permanently inactive, whereas in liver cells 
valbumin gene is permanently i inactive 
d the vitellogenin gene. is oestrogen- 
nducible. Perhaps even t more ae is 








gene is induced by oestrogen in oviduct 
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the chicken lysozyme gene, which can be 
induced by oestrogen, progesterone, testo- 
sterone or glucocorticoids in oviduct cells, 
but is permanently inactive in fibroblasts 
(which contain glucocorticoid receptors) 
and is expressed constitutively, albeit at a 
tow level, in macrophages. 

From an analysis of the expression in 
cultured cells of microinjected hybrid 
genes comprising the SV40 T-antigen cod- 
ing region linked to flanking sequences of 
the chicken ovalbumin genes (Chambon) 
or lysozyme genes (Schutz), it seems that, 
in addition to hormone-responsive 
sequences, the genes are controlled by 
other cell-type specific sequences that 
further restrict their expression. However, 
in view of the observation of Chambon’s 
group that the ovalbumin flanking 
sequences allow constitutive gene 
expression in injected liver cells, the 
inactivity of the endogenous gene in liver 
cells remains a puzzle. Chambon suggests 
the answer may lie in the establishment of 
domains of permanently inactive and 
potentially active chromatin during 
development. 

Chambon also reported that hybrid 
genes containing up to 295 base pairs of the 
upstream flanking sequences of the oval- 
bumin gene are constitutively expressed in 
oviduct and liver cells, but that if 420 base 
pairs of flanking sequence are used, ex- 
pression is blocked in oviduct, but not in 
liver cells. This block can be overcome by 
steroid hormones or by including an SV40 
enhancer element in the microinjected 
construct. On the basis of these data, 
Chambon postulates that oviduct cells 
contain a repressor that recognizes the 
upstream ‘blocking sequence’ and keeps 
the level of expression of the ovalbumin 
gene minimally low in the absence of 
hormone. Could it be that such a repressor 
also has the role of re-establishing a 
requirement for enhancer-induction 
following hormone withdrawal? 

The notion that enhancers may be 
required only for the establishment, and 
not for the maintenance, of a state of 
transciption is, however, somewhat dif- 
ficult to reconcile with a model put forward 
by K. Yamamoto (University of Cali- 
fornia, San Francisco) to account for some 
recent results obtained by his group and 
which may also provide an explanation of 
some of the remaining puzzles of the 
regulation of steroid-inducible genes. In 
essence, Yamamoto reported that pairs of 
different enhancer sequences in combi- 
nation can have synergistic effects on the 
genes to which they are linked, and that 
these effects depend on the precise nature 
of the promoter from which transcription 
of the gene is initiated. 

Yamamoto suggests that these obser- 
vations can be explained if different enhan- 
cers stimulate the supply to the promoter of 
different specific transcription factors, the 
synergism resulting from a change in 
the factor that is rate-limiting for 
transcription in the presence of one or 



























































other, or both, the different: types 
enhancer. Following this line of argument, 
then, the failure of steroid hormones. to 
increase the low constitutive level. of 
lysozyme gene expression in macrophage 
could be due to the absence of some other 
factor which is necessary, though not: 
sufficient, to enhance transcription. -> 
This is all speculation, however, and 
truth we still have little idea how eve 
steroid hormone-induced enhancers act 
vate transcription. Even the role.of th 
steroid hormone is still obscure for, 
M. Beato (Institut für Physiologisch 
Chemie, Marburg) and W. Schrade 
(Texas Medical Center, Texas) expl 
although the presence of hormone 
required for the stimulation of tri 
scription, the hormone-receptors b 
quite happily to their specific sequen¢ 
the absence of hormone. Hopes that som: 
of this ignorance might soon be dispelled. 
were raised in Heidelberg by Yamamot 
news that his group has cloned cDNA 
encoding the rat glucocorticoid receptor. 
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100 years ago 
BACTERIOLOGY 


A\monc the most striking of the recent rapid 
advances of science is the development of what 
we may term bacteriology. While some of this 
work has been done in this country, by far the 
greater part has been done abroad, more 
especially in Germany and France, where 
importance is recognised, and where special 
facilities are afforded by the Governments and 
various public bodies. In Germany especially, 
besides the laboratory, supported by th 
Government, in which Dr Koch works, 
number of similar institutions are beini 
established throughout the country; and in. 
France the laboratories of Pasteur and others. 
are established and supported by the. 
Government and by various municipal 
authorities, every facility for carrying on these 
researches, and the necessary funds, being. 
provided, In this country, on the other hand, 
there is no laboratory of the kind, and what. 
work has been done has been by individual 
investigators working at their own expense 
and often without suitable accommodation, 


From Nature 31, 49, 20 November 1884. 






Surprise from the shallows 


from M. Whitfield 


A RARE new insight into the workings of 
he carbon dioxide cycle is offered by the 
per of Byrne ef al. on page 321 of this 
ssue and its companion, from the same 
group, which is published in this week’s 
Science (226, 1074; 1984). In suggesting, 
from observations in the North Pacific, 
that the flux of calcium carbonate shells 
from the surface layers into the deep oceans 
hasbeen grossly underestimated, these 
papers imply a significant shift in our 
derstanding of the oceanic carbon di- 
oxide system. 
From an analysis of the particles that set- 
d in large conical traps, deployed at 
rious depths for only a day or so, Byrne 

d his colleagues were able to show for the 

st time that pteropod shells, which are 
ade of aragonite — the most soluble form 
foceanic calcium carbonate — contribute 
a flux of calcium carbonate to the deep 
ean which is at least as great as that 
provided by the calcite shells of the for- 
linifera and coccolithophorids. Further- 
re they show that, unlike calcite shells 

h fall into the sediment and then 
solve only slowly, most of the ptero- 
hells dissolve in the water column. 

rt measurements had been inconclus- 
“tow-net sampling had allowed no 
imate to be made of the settling rate of 
eropods, and long-term sediment traps 

id inadequately registered the presence of 

eropods because their shells had dis- 
ved in the weeks or months before the 
raps were recovered. 

\s the shells settle out of the surface 
layers into deeper water, they resist pro- 
essively more corrosive conditions until 

‘aching their lysocline, where they begin 
o dissolve. Typical lysocline depths for the 
th Atlantic are 3.2 km for aragonite 
4.6 km for calcite. For the older and 
ore acidic deep waters of the North 
cific, the lysocline depths are typically 

‘km for aragonite and 0.8 km for calcite, 

ough’ calcium carbonate dissolves at 

d below the lysocline it can still be found 

n sediments down to the compensation 
epth, where rates of settling and dis- 
olution just balance. 

For each mole of calcium carbonate 
lissolved, one mole of carbon dioxide is 
“onverted into bicarbonate (resulting in an 
nerease in oceanic alkalinity). The new 

dings make it possible to establish a 

listic alkalinity balance for the oceans. 

oreover they suggest that the oceans 
ghtactas amore rapid and effective sink 
fossil-fuel carbon dioxide than had 

een thought possible when attention was 
‘ocussed on the dissolution of calcite from 
he -océan sediments, In that case the 
_yesponse time is measured in centuries or 
-millenia because of the slow circulation of 

















the carbon dioxide-rich waters down to the 
compensation depth. To dissolve a signifi- 
cant amount of calcium carbonate, these 
acidic waters must penetrate the sediments, 
still further slowing down the process. 

The new observations indicate that 5-20 
per cent of the smaller pteropod shells will 
have dissolved by the time they have 
reached a depth of 1,000 m. This dis- 
solution provides a ready explanation for 
the mid-water alkalinity maximum that is 
observed in North Pacific waters substan- 
tially supersaturated with respect to calcite, 
which has previously been ascribed to the 
possible, but rather unlikely, long-distance 
transport of high alkalinity water from the 
edges of the ocean basin. 

To close the circle, it is also necessary to 
consider the enhancement of shell dis- 
solution by the increasing oceanic concen- 
tration of carbon dioxide that is resulting 
from the burning of fossil fuel. The new 
observations make it clear that this carbon 
dioxide has only to penetrate to the ara- 
gonite lysocline for it to have an effect. 
Model calculations suggest that it has 
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already reached adepth of 300m —closeto 
the aragonite lysocline in the North Pacific - 
~- as the result of the slow. downward mix- 
ing of surface waters, If the dissolution of 
pteropod shells in relatively shallow waters 
is enhanced in this way, there will be acor- 
responding reduction in the alkalinity of | 
the deeper water. In turn, this will accel: 
erate the dissolution of the calcite shells 
and the larger aragonite shells in the 
sediment. Furthermore, as the failing shells 
begin to dissolve, their rate of fall will be 
reduced and hence their dissolution will © 
become progressively more complete. : 
On a global basis, this process could’: 
accommodate up to one fifth of the current 
flux of fossil-fuel carbon dioxide and.” 
would therefore be much more important’ 
than the dissolution of shallow-water, | 
magnesium-rich calcites that has 
previously been considered the best candi- 
date to account for any rapid response. As 
oceanic carbon-cycle models become 
sufficiently sophisticated to incorporate ` 
biological processes in a realistic fashion, it 
will be instructive to see to what extent the 
oceanic uptake of fossil-fuel carbon. 
dioxide will be influenced by the shiftinthe:. 
alkalinity balance implied by the flux of 
pteropod shells to the deep ocean and by 
their tendency to dissolve in transit. g 


M. Whitfield is ai the Marine Biological — 
Association of the UK, Plymouth PLI 2PB, UK. 


A spectrum of spectrins 


from A.J. Baines 


SOME two years ago I alluded in these 
columns to the discovery of analogues of 
the red cell membrane skeleton protein, 
spectrin, in unexpected places'. Since then 
they have been looked for and found — at 
least by the somewhat rudimentary tech- 
nique of immunological cross-reaction — 
in almost every kind of cell that the 
imagination of cell biologists can run to. 
The outsider, trying to follow the trail of 
discovery, is apt to be put off the scent by a 
multiplicity of terminologies. Not only are 
several names (tissue spectrin, calspectin, 
and fodrin) still in use for the spectrin-like 
proteins of non-erythroid cells, but we now 
have multiple names for their subunits too. 
For instance, the smaller subunit of brain 
spectrin, because it binds to the membrane- 
associated retaining protein, ankyrin, and 
hybridizes with the larger, alpha subunit of 
either brain or red cell spectrin, is some- 
times termed beta by analogy with the ery- 
throcyte beta chain (for example ref,2). On 
the other hand, its electrophoretic mobility 
in SDS differs from that of erthrocyte beta 
chain and peptide maps of the two are quite 
distinet, so what seems to be the same pep- 
tide turns up elsewhere under the designa- 
tion gamma (for example, ref.3). Ulti- 
mately, the relationship between these 
polypeptides will need to be resolved. by 





also binds to microtubules*, although in 


direct comparison of sequences, using that 
of the greater part of the red cell spectrin 
molecule‘ as the standard. 

So what does spectrin do in different 
cells? In parallel with its tissue distribution, 
some indications of the cellular functions 
in which it may be involved have accrued. 
Originally it was supposed that spectrin 
and its associated proteins, which together 
make up the red cell membrane skeleton, 
would perform much the same function in, ` 
say, a brain cell. as they would in a red cell.» 
Thus it was conceived that a plasma mem- = 
brane needed a supporting cytoskeletal 
apparatus to prevent its disintegration, al- 
though, to be sure, no brain cell has to 
withstand the rigours endured by the red 
cell in circulation. 

Complicating this attractively simple 
model has been the discovery that tissue 
spectrins are able to enter into associations 
with proteins not present in the mature red 
cell, as well as being able to bind protein 
4.1, actin, ankyrin and calmodulin. They 
can bundle microtubules? and bind to at 
least one of the microtubule-associated 
proteins (tau)®, activities which may be 
reflected in the antigenic cross- reactivity of 
spectrin with MAP I, another micro- 
tubule-associated: protein’. Brain ankyrin. 
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this case an interaction with tubulin dimer 
is suspected as well: here again there is 
cross-reaction with another microtubule- 
associated protein, MAP I’. Brain spectrin 
and ankyrin may indeed be the first 
examples of membrane-associated micro- 
tubule-binding proteins. An indication of 
an interaction between spectrin and inter- 
mediate filaments has come from evidence 
that when anti-spectrin antibodies are 
microinjected into cultured cells, not only 
is spectrin precipitated, but the organiz- 
ation of the intermediate filaments is 
disrupted "°. 

Support for the idea that spectrin is 
somehow involved in maintaining the 
physical state of membranes comes from 
the elegant immunofluorescence studies of 
Koenig and Repasky'', who show that 
isolated axons are enriched in spectrin 
where they are not enclosed by a myelin 
sheath, that is at the nodes of Ranvier and 
the synapses. It therefore seems that spec- 
trin is involved in the generation and main- 
tenance of plasma membrane domains. 
However, this cannot be the whole story 
since the same group has discovered an 
association between spectrin, as well as 
calmodulin and F actin, and the rapidly 
moving axonal particles (motile varico- 
sities), which are seen in axons regenerating 
in vitro. This suggests that the role of 
spectrin also encompasses the linkage of 
organelle membranes with cytoskeletal ele- 
ments. Aunis and Perin'? have added a 
further twist by suggesting the implication 
of spectrin in chromaffin granule exocyto- 
sis. If spectrin is indeed involved in 
exocytosis then its concentration at the 
synapse could be taken to imply a role in 
neurotransmission. A further recent 
conjecture is that the cleavage of spectrin 
on post-synaptic membranes, triggered by 
depolarization-induced events, may be 
involved in memory storage". 

So in answer to the question of the 
cellular functions of spectrin, a general role 
is now discernible. Spectrin seems fre- 
quently to link cytoskeletal elements to 
plasma or other (for example exocytic) 
membranes, or to regulate that linkage. 
Cells may use the linkage in a variety of 
ways, including the generation and stabili- 
zation of plama membrane domains, the 
facilitation of intracellular transport 
(leading in certain cases to exocytosis) and 
the regulation of the activities of trans- 


membrane proteins. Watchthisspace. O 

. Baines, A.J. Nature News and Views 301, 377 (1983). 

. David, J. & Bennett, V. J. biol, Chem. 258,7757 (1983). 

. Nelson et al. J. Cell Biol. 97, 1271 (1983). 

Speicher er al. J. biol. Chem, 258, 14931 (1983). 

Ishikawa, M. J, Biochem. 94, 1209 (1984). 

. Carlier, M.F. et al. Biochimie 66, 305 (1984). 

David, J. & Bennett, V. J. biol, Chem. 257, $816 (1982). 

. David. J. & Bennett, V. J. biol. Chem. (in the press). 

. Bennett, V. & David, J. Proc natn. Acad, Sci. 78, 7550 
(1981). 

10. Mangeat, P. & Burridge, K. J. Cell Biol, 98, 1363 (1984). 

11. Koenig, E. & Repasky, E. J. Neurosci. (in the press). 

12. Koenig, E. et al. J. Neurosci, (in the press). 

13. Aunis, D. & Perin, D. J. Neurochem. 42, 1558 (1984). 

14. Lynch, G. & Baudry, M. Science 224, 1057 (1984), 


CeOIAVEwn— 


A.J. Baines is in the Department of Cell Biology 


and Anatomy, Johns Hopkins University Medi- 
cal School, Baltimore, Maryland, 21205, USA. 


NEWS AND VIEWS 


uu 





Devonian vertebrates from South America 


DEVONIAN vertebrates have been recorded 
from every continent except South 
America, where only a few fossils have 
been tentatively referred to this group 
(Janvier, P. Program. intern. Correlat. 
geol., La Paz 44 1; 1978). The most 
convincing of these is a footprint of an 
amphibian, from the Devonian of Brazil. 
Lower and Middle Devonian sites of 
western and central Bolivia have now 
yielded scales of agnathans, spines and 
scales of acanthodians and sharks, and a 
skull and plates of a placoderm. 

The figure illustrates two of the 
Devonian fishes we have excavated. The 
Middle Devonian Sicasica Formation, 
which extends south of La Paz on the Alti- 
plano (site 1 on the map) yielded a well pre- 
served braincase and the jaws of a rhenanid 
(a), a rare group of placoderms (armoured 
fishes) known from the Devonian of 
Europe and North America. There are 
close similarities between these fossils and a 
complete rhenanid, Gemuendina stuerzii 
(b) excavated from the Lower Devonian of 
Hunsriick, FRG. South-east of the Alti- 
plano in the Chuquisaca district (site 2 on 
the map), the Lower Devonian Catavi For- 
mation crops out along the Rio Grande at 
Seripona. There, a rich bone-bed has 
yielded remains of acanthodians, sharks 
and thelodonts, a group of jawless verte- 
brates. Two types of thelodont scales (c,d) 
from this locality may have belonged to a 
form resembling Turinia (e), known from 
the Lower Devonian of Scotland. The 


scales also resemble those of a thelodont 
recently decribed from the Devonian of 
Australia, Australolepis seddoni. 
Similarly, peculiar shark spines from the 
locality recall those of Antarctilamna, 
from the Middle Devonian of Antarctica 
and Australia. 

Moreover, large acanthodian spines 
from Seripona, as well as from several 
other Lower Devonian localities in Bolivia, 
display the same superficial ornamen- 
tation, with alternating broad and narrow 
ridges without nodes, as the spines of 
Sinacanthus, a large climatiid acanthodian 
from the Middle Devonian of south China. 

Any large-scale biogeographic conclu- 
sions would be premature. But at a time 
when the early history of the Pacific is 
being vigorously discussed by geophysicists 
and palaeobiogeographers (Nur, A. & Ben- 
Avraham, Z. in Vicariance Biogeography, 
a Critique, 341 (Columbia University 
Press, 1983), the Devonian fishes of South 
America should provide a valuble tool for 
estimating Palaeozoic trans-Pacific 
relationships, particularly since most of 
them lived very near to the continental 
shore. 

Daniel Goujet and Philippe Janvier, 
Centre National pour la Recherche 
Scientifique Institut de Paléontologie, 8 
rue Buffon, 75005 Paris, France; M. 
Suarez-Riglos, Centro de Tecnologia 
Petrolera, Yacimientos Petroliferos 
Fiscales Bolivianos, Casilla 7272, Santa- 
Cruz, Bolivia. 











Cell activation 


The ‘basic’ connection 


from Walter F. Boron 


CHARACTERIZATION of a new biological 
process almost always includes a descrip- 
tion of how it is influenced by changes in 
pH. In the case of the processes controlled 
by the enzyme protein kinase C, the tables 
have been turned; current emphasis is 
. placed on how activation of this kinase 
affects the pH within the cell (pH,). Any 
process that alters pH, is of potential inter- 
est inasmuch as a shift in pH; could act asa 
“signal to modulate a host of pH-sensitive 
“processes. Activation of protein kinase C is 
of special interest, because it is believed to 
< mediate the intracellular effects of a wide 
variety of extracellular signals. On page 
_-371 of this issue Moolenaar et al. present 
‘evidence that activation of protein kinase C 
. stimulates the plasma membrane Na-H 
exchanger — which is responsible for the 
exchange of sodium ions for hydrogen ions 
across the outer membrane of cells — and 
| thereby leads to an elevation of pH; in 
human fibroblasts, HeLa cells and mouse 
neuroblastoma cells!. Grinstein ef al. have 
reached similar conclusions in experiments 
¿rat thymic lymphocytes? The impli- 
cation of these data is that the intracellular 
kalinization induced by the activation of 
otein kinase C is an important step in the 
‘ocess by which certain extracellular 
signals elicit their physiological effects. 
The Na~H exchanger ultimately affected 
by protein kinase C is normally involved 
in the active regulation of pH;, a house- 
keeping function performed by all studied 
animal cells except the erythrocyte. The 
indamental acid-base problem faced by 
these cells is their chronic tendency towards 
tracellular acidosis, usually caused by the 
passive influx of acids, such as H*, or 
efflux of bases, such as HCO, , but 
ometimes caused by the metabolic gener- 
jon of acid. Uncontrolled falls of pH, are 
evented by ion-transport systems that 
have the effect of extruding acid from the 
ell. The invertebrate system appears to 
change external Na* and HCO, for 
ternal Cl’ and H*, whereas most verte- 
brate cells use a transporter that exchanges 
xternal Na * for internal H *. Both acid- 
extrusion mechanisms are ideally suited to 
_ their role by being virtually inactive at high 
pH, values, and progressively stimulated as 
PH, falls below a certain ‘threshold’?. This 
sat least in part due to an intracellular 
H.*-binding modifier site, distinct from the 
_ Site that binds H* for transport*>. The 
-first evidence for modulation of a pH; 
regulator was that cyclic AMP stimulates 
the Na*/HCO, - Cl/H* exchanger of 
barnacle muscle*. Part of the action of 
parathyroid hormone on the renal 
proximal tubule may be due to the inhi- 
bition of Na~H exchange by cyclic AMPF, 
A possible role for Na-H exchange in the 














regulation of cell growth by extracellular 
signals was suggested by experiments in 
which exposure of quiescent Swiss 3T3 cells 
to a combination of platelet-derived 
growth factor (PDGF), vasopressin and 
insulin, caused a Na*-dependent rise in 
pH, of about 0.15, as well as a marked 
stimulation of Na* uptake’. Subsequen- 
tly,epidermal growth factor (EGF) was 
shown to increase pH; by 0.1 - 0.2 within 
ten minutes, but not in the presence of 
amiloride, an inhibitor of Na~H 
exchange®*. Activation of the quiescent 
cells culminates in cell division several 
hours later. The notion that an early rise of 
pH, plays a role in triggering the cell into 
division is supported by the observation 
that the degree of intracellular alka- 
linization induced by growth factors 
closely parallels the subsequent stimulation 
of DNA synthesis!®. Thus, the Na-H 
exchanger, via its effect on pH;, may be a 
critical regulator of cell growth. 

The cascade of events by which growth 
factors stimulate Na~H exchange may be 
as follows: a growth factor, such as EGF" 
or PDGF, binds at the plasma membrane 
to a specific receptor (that also has the 
activity of phosphorylating proteins at 
tyrosyl residues). A consequence of the 
binding is the release of Ca** and increased 
breakdown of inositol phospholipids. The 
latter results in the production of diacyl- 
glycerol, a potent activator of protein 
kinase C'', which phosphorylates proteins, 
including the receptor for EGF (see ref. 14), 
at seryl and threonyl residues. Finally, as 
indicated by the new data of Moolenaar et 
al.', protein kinase C somehow stimulates 
the Na-H exchanger. 

Certain phorbol ester tumour promoters 
that bear a structural similarity to diacyl- 
glycerol are commonly used to stimulate 
protein kinase C in laboratory investiga- 
tions. Moolenaar et al. show that one such 
phorbol ester, 12-0~—tetradecanoyl- 
phorbol-13-acetate (TPA), but not a 
biologically inactive analogue, causes pH, 
to increase by about 0.15 within ten 
minutes, much as it changes after direct 
stimulation of fibroblasts by polypeptide 
growth factors, The TPA-induced increase 
of pH, is Na* dependent and is blocked by 
a potent amiloride analogue, indicating 
that it is caused by stimulation of a Na~H 
exchanger. Furthermore, TPA does not 
induce a pH, increase in fibroblasts that 
have already been stimulated by PDGF. 
Inasmuch as TPA bypasses the growth- 
factor receptor/kinase step of the 
proposed cascade, a simplistic view. would 
be that stimulation of the Na~H exchanger 
does not require the release of either Ca*? 
or diacylglycerol per se, but only the 
activation of protein kinase C. Indeed, the 

















observations of Moolenaar ef al on Na-H_ 
exchange, as well as those of others on- 
secretory processes (see ref. 15), indicate 
that TPA can produce its pharmacological 
effect without a measurable rise of- 
intracellular Ca*+ 

The simplest explanation for the effects 
of TPA on pH,, and the one proposed by 
Moolenaar ef al., is that protein kinase C 
directly phosphorylates the Na-H ex- 
changer. This remains to be established! 
The kinetic effect of TPA on the Na-H> 
exchanger could be to increase its pH, | 
threshold — that is to increase the value to: 
which pH, must rise before the Na~H ex-. 
changer shuts off — and/or to increase its- 
sensitivity to acidosis once pH, falls below.’ 
the threshold. Moolenaar ef al. favour the 
former. This is an attractive possibility, 
although it is easy to imagine how phos- 
phorylation near the intracellular modifier 
site could alter either the pH; threshold or 
the sensitivity of the Na-~H exchanger. 

Finally, it is intriguing to speculate on 
the possible physiological role of the 
stimulated Na~H exchanger. Most of the 
experiments on the effects of growth fac- | 
tors on pH, have been conducted in 
HCO, - free media. Elsewhere, Moolenaar 
et al. have reported that unstimulated 
human fibroblasts do not have a detectable 
Heo. transport system'*. However, 

L’Allemain et a/.'° report that, whereas a 
functional Na~H exchanger is necessary 
for stimulating the mitogenesis of Chinese 
hamster lung fibroblasts that are incubated 
in HCO, -free media, it is not necessary 
when the cells are in HCO, -containing 
media. Is the Na~H exchanger in these 
hamster cells functionally replaced by a 
HCO, transport system? Other, more 
general questions arise. Is a sudden 
increase of pH, really necessary to trigger 
cell growth? Or do growth factors stim- 
ulate Na~H exchange for other reasons, 
such as to enhance the housekeeping ability 
of the cell to regulate pH, in anticipation of 
the increased requirements of the cell on 
metabolic activation? 0 
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SIR — A recent paper by Carpenter ef al.', 

on territory size and weight gain, has been 

received with enthusiasm by Diamond?, 

-One must share his attitude towards their 

elegant experimental technique for weigh- 

ing birds undisturbed in the wild. How- 

“ever, I believe more caution should be 

exercised with regard to their results and 

-interpretation. Diamond quotes the 

example of bird WP. whose rate of weight 

gain was measured at three territory sizes 
and found to be greatest at the inter- 

“mediate and final size. “The results with 

- WP and other rufous hummingbirds’, 
‘Diamond says, ‘‘reveal that the birds 

just their: territory size until they have 

aximized the rate of weight gain’’. But 

WP. was in fact the only individual bird 

observed to have a higher rate of weight 

gain for an intermediate territory size and 
even in this case there is no direct evidence 

“that the rate of weight gain achieved was a 

maximum. The justification for con- 

cluding that the birds did maximize their 
energy input was that in four out of five 
cases the highest weight gains achieved 
were on the last day or days of the birds’ 
stay on the study site. Clearly this only 
demonstrates a level at which birds no 

-longer attempt to increase their net energy 

input, not that that level is a maximum. 

S argument for a general “humped” 

ationship between territory size and 

eight gain is that some birds showed 

“increases in weight gain with increasing 
territory size and some with decreasing 
territory size — a much weaker case than 
that implied by using the example of WP 
alone. 

- . Alternative explanations for the obser- 
vations are possible. For example, suppose 
that the rate of weight gain is related to the 
bird’s body weight. The observed increase 
in rate of gain towards the end of each 
bird’s stay is predicted, but is independent 
of territory size. This would also explain 

the unusually high rate of weight gain of 

bird BGR — the bird with the highest initial 
<body weight. 

‘A further problem arises with the pro- 
posed adjustment of territory size by ‘‘trial 
and error”. Suppose a bird has a sub- 
optimal energy gain from its initial ter- 
ritory size. Given a bell-shaped relation- 
ship between territory size and weight gain, 
how does the bird decide in which direction 
to alter its territory size? Even after one 
alteration made in a random direction the 
bird still has no good grounds on which to 
make its next decision. 

Apart from the valuable technical in- 
novation, the most important point which 

_comes.out of this work is, surely, that the 

- birds do not behave optimally. On arrival 

t the study site, they do not know and 
can iot know what the optimum territory 
épends.on many unknown factors, 
ectar production by the flowers 
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neighbours. They spend at least the first 
few days, if not all of their stay, in 
territories that are either too large or too 
small and the best they can do is to try to 
increase their efficiency as time goes on. 


R. K. BUTLIN 
School of Biological Sciences, 
University of East Anglia, 
Norwich NR4 7TJ, UK 
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Pigeons, canaries and 


problem-solving 


Sir — I regret that I must question the 
accuracy of Pastore’s! recent letter 
concerning my report of problem-solving 
behaviour in pigeons”, He suggests that I 
was remiss in not citing his early studies in 
which a canary was confronted with several 
Kohler-type problems. He implies that the 
canary solved both Kéhler’s one-box prob- 
lem and Kohler’s stacking problems in an 
“insightful”? fashion, but the original 
reports of this work? do not confirm that. 

The single canary that Pastore con- 
fronted with a variant of the one-box prob- 
lem required 25 reinforced trials before it 
could move its box (a cardboard ‘‘prism’’) 
smoothly to the correct position on the 
floor of the chamber. So.the behaviour that 
superficially resembled that of Köhler’s 
chimps was, as Pastore originally reported, 
learned in virtually the same haphazard 
fashion as the escapes of Thorndike’s* 
cats. Ironically, the performance of the 
canary was exactly that which Kohler 
dismissed as mere “‘trial and error’’. By no 
reasonable criteria could the canary’s 
performance be considered ‘‘insightful’’. 

On the stacking problem, in which 
stacking behaviour is also established 
haphazardly after many reinforced trials, 
Pastore? originally reported. that ‘‘in the 
crucial trial, when both prism and box were 
out of position, the canary seemed to be 
unable to stack them in a meaningful way. 
Actually, the canary did stack prism and 
box appropriately in only 10 of 100 trials” 
(p. 289). No mention is made of success in 
stacking a larger number of boxes, con- 
trary to Pastore’s' recent statement. A 
second canary could not complete even the 
preliminary stages of the experiment. 
Praxists and psychologists long ago passed 
judgment on these modest demon- 
strations: they are almost universally 
uncited in the literature relevant to my 
research. 

In contrast, my colleagues and I reported 
asystematic study with 11 pigeons in which 
all 3 with relevant training histories solved 
the box-and-banana problem in a dramatic 
human-like fashion the first time they were 
confronted with it. The performances 
satisfied all of the traditional criteria of 
“insight”: periods of apparent confusion 
were followed by sudden, rapid, and 
entirely appropriate performances. By 













systematically varying the training histories 
of other birds, we also determined ‘the 
possible contributions that a variety’ of 
different experiences had made to success 
in the problem. Finally, we offered a ru 
ning account of the novel performances in 
terms of empirically validated principles. 


ROBERT EPSTEIN 
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DNA sequence selection 
by eye 
Sik — The recent correspondent 
concerning various ways of representing 
DNA sequences!” prompts me to descri 
a simple method for finding sequenci 
overlaps by eye. Using the 4,361-nucleotide 
sequence of the plasmid pBR322 as a tes! 
system, it is possible with a little practice to 
locate a randomly selected sequence’ 0} 
about 100 nucleotides in less than 2 minutes, 

The method requires four ballpoint pen 
of different colours and the sequence (01 
collection of sequences) with which the 
sequence is to be compared is coded 
follows. Every time the sequence A 
arbitrary choice) occurs, the next 
coloured, the colour used depending ont 
next base again (G green, A blue, C black: 
and T red). Thus AGCT appears asared C 
AGGG appears as a green G and so forth 
This process takes about 10 minutes ‘pe: 
kilobase, but it only has to be done once fos 
each new sequence determined. 

To locate the test sequence, an AG i 
selected at random and about ten adjacent 
downstream bases are written with a sharp 
pencil on the edge of a piece of paper, Th 
appropriate base adjacent to the Gi 
coloured and the sequence is checked 
against each occurrence of that coloured 
letter, on average four times per kilobase: 

If two AG sequences are close togethe 
on the test sequence, the pattern of ‘tw 
coloured letters separated by a: certain 
number of bases makes searching faste 
and also highly specific. Such a patter 
would only occur at random three times 
the entire Epstein-Barr virus sequence. 

If the sequence is not found, the compl 
mentary strand is searched by locating on 
or more CT sequences, writing down th 
ten or so downstream bases on the 
complementary strand and proceeding as 


before. M. G. BURDON 
Department of Biochemistry 
and Microbiology, 
University of St Andrews, 
St Andrews, Fife KYI69AL, UK 
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p21 protein 


R — Ralph’ has questioned the validity of 
rtain speculative comments of mine 
-oncerning the mechanisms by which 
p21 proteins transform mammalian 
cells. He has obviously misunderstood the 
oint of my remarks. 
In my. article, I drew an analogy between 
1¢w findings showing loss of GTPase 
activity in the transforming protein and the 
fixation of adenylate cyclase Gs protein in 
he GTP state after cholera toxin binding. 
In case it was not made clear in the article, 
perhaps I should state that there is no 
vidence of a functional link between the 
adenylate cyclase system and p21’, and 
herefore for a direct role of cyclic AMP 
‘egulation in ras-mediated transformation. 
‘xamples of some of the known effects of 
holera toxin on cell physiology and 
roliferation were mentioned solely to 
lustrate the profound consequences 
ich result from fixation of the adenylate 
yclase G-protein in the GTP form. As 
ated in my article, which (if any) specific 
‘ffector systems involve p21’ in signal 
tansduction remains to be established. 
R. F. NEWBOLD 
Chester Beatty Laboratories, 
ndon SW3 6JB, UK 
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he gyroscope test of 
relativity 
R — Your account of the “relativity 
roscope experiment”! does not go 
eyond that of Schiff*, who proposed that 
‘oeffects, the geodetic (de Sitter or spin- 
bit): and motional (Lense-Thirring or 
n-spin) precessions, could be measured 
eparately by the use of at least two gyros 
‘free fall in a perfect polar orbit. An 
curacy of 0.3 milliarc-seconds per year is 
desired goal. However, there are many 
ther contributions which are well above 
| mare syr“! (for a review see ref. 3). 
The goal.of the experimentalists is to 
ke a sphere of fused quartz accurate to 
ne part in 10’, but even a perfect sphere is 
torted when set spinning, acquiring a 
adrupole moment, which for an altitude 
Jf 500 miles, will contribute more than 0.3 
marcs yr~' to the gyro drift rate if the spin 
s is more than 20 minutes of arc away 
m either the orbit plane or the perpen- 
ular to the orbit plane’. 
Second, the Earth’s quadrupole moment 
vill contribute an amount of 4 marc s yr“', 
re than ten times the desired accuracy, 
nd; more subtly, distorts the satellite orbit 
o that, in averaging over a polar orbit, one 
btains an additional “indirect contri- 
bution” of 1.33 mare s yr“, 
< Third, the contribution due to the Sun 
will give rise to a geodetic precession of the 
‘gyro. (due to interaction of the spin of the 
the gyro with its orbital angular momen- 
tum about the Sun), with the: relatively 








‘large value of 19.2 marc s y“, while the 











deflection of light from the reference star 
(Rigel in Orion) can cause an apparent drift 
of the gyroscope of up to14.4 mare s yr“). 


The relativity gyro experiment test of | 


general relativity is thus more complex than 
originally envisaged. Hence, there is a need 
for other tests of the geodetic and motional 
precessions, particularly the latter. A 
promising suggestion in this direction is the 
proposal of Scully and co-workers*"* to use 
a ring laser interferometer to test both the 
geodetic and the motional precessions, 
which has the attraction that it can be 
carried out on Earth, while another 
proposal is to use a Foucault pendulum at 
the South Pole’. Also, the binary pulsar 
PSR1913+16 may provide a test of the 
spin-orbit precession and our calculations® 
predict a precession rate for the pulsar spin 
axis of 1.23° yr-!, based on the data of 
Taylor and Weisberg’. 
B. M. BARKER 
Department of Physics 
and Astronomy, 
The University of Alabama 
University, Alabama 35486, USA 
R. F. O'CONNELL 
Department of Physics 
and Astronomy, 

Louisiana State University, 
Louisiana 70803, USA 
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Mouse Igx sequence 
elements in Drosophila 


Sik — Two sequence elements may be 


needed for correct transcription of the 


mouse immunoglobulin x gene. They are: 
TNATTTGCAT (dc), its inverted and 
complementary ATGCAAATNA (cd), 
upstream of the H-chain gene and 
TGCA&.CTGTGNCCAG (pd)!. The same 
sequences (8 out of 10 base pairs) 
ATTTGCAT and ATGCAAAT have been 
found by Parslow ef al. independently. 
Sequences related to the above elements 
were found upstream of all human and 
mouse x and A variable region genes and 
within the mouse heavy-chain enhancer in 
a homology of 50~100%. The same 
elements are present in high homology in 
chicken ovalbumin gene, sea urchin his- 
tone gene cluster and in other genes’. I 
report here that the elements de and cd are 
present upstream of the homoeotic gene 
Jt of Drosophila. 

The element AGGCAAATAC is found up- 


Stream the coding region of ftz (first 


y nucleotide: position 








~794). This has 
78% homology with the. cd 
element ATGCAAATNA. The sequence 
ATGTTTGCAT is also found upstream of 
the coding region of fitz (first nucleotide. 
-8547 and shares 78% homology with 
the dc element TNATTTGCAT. Other 
sequence elements can also be foundo: 
upstream or within the fiz gene with less _ 
homology with the dc, ed or pd 50-67%; 
but this does not seem to be significant 
since dc, cd or pd can be found in many. 
genes when homology less than 70% is con- 
sidered (F. G. Falkner and H. G. Zachau, © 
personal communication). ' 

The dc and cd elements are highly con- ` 
served among many genes. Their location 
within the immunoglobulin genes suggests 
functional relation'. The homoeotic gene 
Jtz is associated with Drosophila 
development and contains a highly con- 
served region, the homoeo box, which has 
been found in other homoeotic genes — 
Antp and Ulb of Drosophila as well as in a 
wide spectrum of animals. The relationship 
of conserved sequences needed for tran- 
scription to upstream sequences needed for 
segmentation during development is 
unknown. It is, of course, possible that the 
homologies. might be chance events, and 
more information is needed before evo- 
lutionary or functional relationships are 
considered. 
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FAULKNER AND ZACHAU REPLY — We 
agree that the occurrence of dc-related 
elements upstream of genes deserves 
attention. We quote some examples for 
that in our previous paper! and others in a 
forthcoming one (F. G. F., E. Neumann 
and H. G. Z., manuscript in preparation). 
At this point we would like to mention that 
a sequence fully homologous to de was 
found upstream of all or most histone H2B 
genes’, a point which we had missed 
previously..In general, we searched 
sequence libraries for dc at the 89% 
homology level since at lower levels too ` 
many sequences are picked up. But also dc -~ 
(and pd) related sequences with lesser 
homology may be interesting if they can be 
correlated with putative regulatory 
functions. One example of this which we 
recently encountered is the findingof the dc 
and cd related sequences in the regulatory 
regions upstream. of catabolite-sensitive 
genes of Escherichia coli*, 
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There has recently been rapid progress in understanding receptors that generate intracellular si 
from inositol lipids. One of these lipids, phosphatidylinositol 4,5-bisphosphate, is hydrolysed to diacy 
cerol and inositol trisphosphate as part of a signal transduction mechanism for controlling a var 
of cellular processes including secretion, metabolism, phototransduction and cell proliferation. Diacylg 
cerol operates within the plane of the membrane to activate protein kinase C, whereas inos 
_ trisphosphate is released into the cytoplasm to function as a second messenger for mobilizing intracellul 






alcium. 















| THE behaviour:of all cells from one instant to another is gov- 
_erned by signalling systems that translate external information 
“into a limited repertoire of internal signals, second messengers. 
Receptors on the cell surface function as molecular antennae, 
detecting external information (for example, hormones, growth 
. factors, neurotransmitters or light) which is then transduced and 
‘amplified into the second messengers which control many cel- 
lular processes such as metabolism, secretion, contraction, 
phototransduction and cell growth. Interest in this field of signal 
‘transduction is growing for several reasons, but perhaps not 
| Jéast because an imbalance of second messengers may be respon- 
| sible for normal cells becoming cancerous. 
The signalling system using cyclic AMP as the second 
ssenger may be the best known. Until recently, we knew much 
less about the nature of the second messengers used by another 
- major signalling pathway that utilizes the inositol lipids as part 
of a transduction mechanism. Stimulated inositide metabolism 
was discovered by Hokin and Hokin’, who showed that the 
~ incorporation.of *’P into phospholipids in pancreas was stimu- 
‘lated by acetylcholine. It later became clear that a stimulated 
_-eatabolism of inositol lipids occurs in many different cells in 
response to a wide range of external signals’*. Durell and 
“co-workers” suggested that this.stimulated metabolism may be 
a part of receptor function, while Michell subsequently proposed 
“that inositide metabolism is concerned with the mode of action 
~ of those agonists which raise intracellular calcium’. Although 
this hypothesis is not universally accepted in its entirety’, the 
“sanany coincidences between calcium-mobilizing agonists and 
< stimulated inositide turnover, and many negative ‘controls’ 
(that is, receptors which do not mobilize calcium do not stimu- 
late inositide catabolism) has led to a widespread acknowledge- 
mént that calcium and inositides are closely linked. It has also 
become clear that the mobilization of calcium from intracellular 
stores is an important source of activator calcium following 
stimulation of many different cells, including oocytes’, Swiss 
3T3 cells'®, pancreas'', parotid'*, GH, pituitary cells”, blood 
platelets'*, insulin-secreting -cells’’, liver’? and smooth 
muscle”. Thus, there has been a missing link not only between 
calcium and inositides, but also between the plasma membrane 
(where the relevant receptors lie) and the internal stores of 
calcium. Our hypothesis is that inositol trisphosphate (InsP3) is 
that missing link. 






_ Formation of inositol trisphosphate 

The major metabolic pathways responsible for the formation 
nd degradation of InsP, are illustrated in Figs land 2 (for 
gee refs 3, 18). Phosphatidylinositol 4,5-bisphosphate 
4,5)P,).is one of the inositol lipids located-in the inner 












plasma membrane (Fig. 1), and is formed by a 


























two-stage phosphorylation of phosphatidylinositol, which is 
phosphorylated at the 4-position of its inositol head. group 
a specific kinase to form phosphatidylinositol 4-phosp 
(PtdIns(4)P); this is in turn further phosphorylated at th 
§-position to give PtdIns(4,5)P,, which is the immediate. pre. 
cursor used by the receptor mechanisms. As well ast 
kinases responsible for the stepwise phosphorylation 
phosphatidylinositol to PtdIns(4,5)P. (Fig. 1), there are co. 
sponding phosphomonoesterases which convert PtdIns 
back to phosphatidylinositol (Fig. 2) These kinases and ph 


Table 1 Summary of the tissues which respond to external stimuli 
a change in the hydrolysis of PtdIns(4,5)P, 





Stimulus 
20,21" 


$0* 


Tissue 


Rabbit iris smooth muscle Acetylcholine 


Brain Acetylcholine At Ac 

Parotid Acetylcholine*””'"1°°", substance. 
p>" 

Pancreas Acetylcholine”, caerulein’” 

Avian salt gland Acetyicholine!”° 

Liver Adrenaline”, ATP”! 


; 
vasopressin??78" 30.58" 


angiotensin”', platelet activation. 
factor’, : 
Serotonin?” 122" 
ADP’, thrombin'**":!*5, platele 
activating factor'?° : 
Vasopressin '?”” 


Thyrotropin-releasing 
25° ,26* ,27* 29% 


Blowfly salivary gland 
Blood platelets 


Sympathetic ganglion 
GH, pituitary tumour cells 


hormone 
Adrenal cortex Angiotensin™ 
Pancreatic islets Glucose!'*® 


f-Methionyl-leucyl- 
phenylalanine'??'*° 

f-Methionyl-leucyl-phenylalanine 

Pseudomonal leukocidin'? > 


Neutrophils 


HL-60 leukaemic cells 
Leukocytes 


T-lymphoblastoid cell Phytohaemagglutinin'** 
Leukaemic basophils Antigen?" 
Swiss 3T3 cells PDGF" | bombesin ®”, 
vasopressin?" 

Neuroblastoma-glioma Bradykinin'*° 

hybrid NG108-15 
Photoreceptors Photons ™® 
Sea urchin eggs Spermatozoa®* 


menaam ana. 


Ptdins(4,5)P, hydrolysis was usually measured by following changes 
in the distribution of “H-inositol or `P. ae 

* Papers describing increases in the formation of labelled inositol 
trisphosphate (likely to bea mixture of the two isomers'”). For mor 
extensive lists of tissues Where inositide turnover in general (rather than 
Ptdins(4,5)P, in particular) is stimulated, see refs 2, 8, 22. 
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homonoesterases constitute two linked phosphatidy- 
linositol/PtdIns(4,5)P, futile cycles whereby phosphates are 
istantly being added to and removed from the 4- and 5- 
itions of the inositol head group. Such futile cycles are 
tabolically expensive, which may explain why the operation 
this signal transduction mechanism is rapidly curtailed by 
tabolic inhibitors’. Occupation of a receptor by an agonist 
erts PtdIns(4,5)P, out of the futile cycle towards a phos- 
odiesterase (phospholipase C), by which it is cleaved into 
1,2-diacylglycerol and InsP, (Figs 1, 2). 

n passing, it should be noted that two naturally occurring 
somers of inositol trisphosphate have been identified, D-myo- 
ositol 1,4,5-trisphosphate and D- or L-myo-inositol 1,3,4-tris- 
hosphate’”. In most of the studies summarized in Table 1, 
here increases in inositol trisphosphate following cell stimula- 
| have been reported, the measurements probably include 
th isomers. Because the 1,3,4-isomer has only just been 
escribed and its function is unknown, we have concentrated 
f attention on the 1,4,5-isomer, which we abbreviate as InsP,. 
timulated catabolism of one of the polyphosphoinositides 
first detected by Durell et al’, but other workers later 
umented in detail the phosphodiesterase cleavage of 
ns(4,5)P, in iris smooth muscle to form InsP, (refs 20, 21). 
first, however, this reaction was thought to be a consequence 
he calcium’ signal in the stimulated tissue, rather than its 
tuse. A crucial advance which changed our concept of inositide 
abolism.and its function, was the discovery that, in 
patocytes stimulated by vasopressin, decreases in 
dins(4,5)P, precede changes in phosphatidylinositol and are 
largely independent of external calcium”. The primary receptor- 
imulated event is probably the hydrolysis of PtdIns(4,5)P, to 
eld sn-1,2-diacylglycerol (as does phosphodiesterase hydroly- 
8 of any — glycerophospholipid) and—uniquely to 
'dins(4,5)P,—InsP, as a water-soluble product? *". There are 
w- many studies which support the notion that this hydrolysis 
-Ptdins(4,5)P, is a common response by many different kinds 
of cells to a wide variety of external stimuli (Table 1). The 
monstration that the formation of InsP, precedes that of 
ositol monophosphate (the expected product of phosphatidy- 
linositol hydrolysis) in Calliphora salivary glands**** and clonal 
H, pituitary cells?” provides additional evidence that 
Ptdins(4,5)P, is the primary substrate for the receptor. Most 
importantly, InsP, formation in Calliphora salivary glands is 























Fig. 1. The proposed role of inositol 
trisphosphate äs an intracellular 
second messenger. Agonists bind to 
external receptors (R,) to stimulate 
the hydrolysis of Ptdins(4,5)P, by a 
phosphodiesterase (PDE) to form 
diacylglycerol (DG) and InsP.. The 
latter may have a number of second 
messenger functions one of which is 
to bind to.a specific receptor (R,) on 
the endoplasmic reticulum to release 
calcium, The action of InsP, is cur- 
tailed by an inositol trisphosphatase 
which removes a phosphate from the 
5-position to form. InsP,. The enzy- 
matic pathways responsible for 








Endoplasmic reticulum 





resynthesising phosphatidylinositol 
from diacylglycerol and InsP, are 
shown in Fig. 2. a, Phosphatidy- 
linositol kinase; b, PtdIns(4)P 
kinase; PDE, PtdIns(4,5)P, phos- 
phodiesterase. 
























stimulated by serotonin with no apparent lag, whereas the onset 

of the calcium-dependent physiological response is delayed by 

at least 1s. This led to the suggestion that InsP, is the second ' 
messenger for calcium mobilization™”, Increases in InsP, fol- 

lowing cell stimulation also precede physiological responses in 

liver and GH, cells”, thus confirming that InsP; formation is 

fast enough for it to function as a second messenger. 

One unsolved problem in the formation of InsP, and 
diacylglycerol is that of how receptors are coupled to the 
PtdIns(4,5)P, phosphodiesterase (Fig. 1). A recent report that 
vasopressin can stimulate the breakdown of PtdIns(4,5)P; in 
isolated membranes” may help to elucidate the transduction 
mechanism. Agonists may induce a conformational change in 
the receptor, which in turn perturbs the membrane sufficiently 
to make Ptdins(4,5)P, accessible to the phosphodiesterase*'. 
Ptdins(4,5)P, phosphodiesterase may also be controlled by 
coupling of receptors to the enzyme through a GTP-binding 
protein as in the mechanism used to link receptors to adenylate 
cyclase”??? 

The first indications that a GTP-binding protein may function 
in signal transduction for calcium-mobilizing receptors were 
reports that GTP reduces the affinity of noradrenaline for a,- 
receptors™ and that of carbachol for muscarinic receptors”. In 
adrenoreceptors, pertussis toxin reduces the modulatory effect _ 
of GTP on a,-receptors, which act by inhibiting adenylate _ 
cyclase, but has no effect on the: calcium-mobilizing a,-recep- ` 
tors, suggesting that these. two receptor mechanisms are regu- 
lated by different GTP-binding proteins”®. 

A more direct link has emerged from studies on permeabilized 
blood platelets, where either GTP or its non-hydrolysable. 
analogues GTP yS or GppNHp enhances the calcium sensitivity 
of the secretory mechanism’*’, apparently by stimulating the 
formation of diacylglycerol”*. The stimulatory effect of guanine 
nucleotides introduced into various intact cells can probably be 
reinterpreted on the basis that they stimulate the hydrolysis of 
inositol lipids”. For example, stimulation of mast cell secretion 
by non-hydrolysable GTP analogues” may result from stimula- 
tion of the normal receptor méchanism*’. Likewise, the ability 
of GTP YS to excite Limulus photoreceptors may also depend 
on the activation of a GTP-binding protein®®’. Such a protein 
has been identified in squid photoreceptors”, where light stimu- 
lates the turnover of PtdIns(4)P and PtdIns(4,5)P, (refs 42, 43). 
Finally, the ras gene product, p 21, w a membrane-bound 
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Fig. (2 ‘Inositol lipid metabolism and signal transduction. An 
< inositol phosphate cycle converts: InsP; to free inositol which 
“interacts with CDP-diacyglycerol (CDP.DG) to re-form phos- 
phatidylinositol (1). The CDP-diacylglycerol is the product of a 
lipid cycle which channels diacylglycerol back to. phosphatidy- 
linositol. Diacylglycerol can also be hydrolysed by a diacylglycerol 
lipase with the release of arachidonic acid and monoacylglycerol 
= (MG). The phosphatidylinositol/PtdIns(4,5)P, futile cycles 
“maintain a supply of the Ptdins(4,5)P, whichis hydrolysed as part 
of the bifurcating receptor mechanism to generate the second 
essengers diacylglycerol and InsP,. a, Phosphatidylinositol 
nase; b, Ptdins(4)P kinase; c PtdIns(4,5)P, phospho- 
esterase; d,  Ptdins(4)P  phosphomonoesterase; e, 
ins(4,5)P, phosphodiesterase; f, InsP; phosphatase; g, InsP, 
sphatase; h, InsP, phosphatase; i, CDP.diacylglycerol inositol 
coe phosphatidate transferase: j, diacylglycerol kinase; k, CTP phos- 
` phatidate cytidyl transferase; i, diacylglycerol lipase. PA, phos- 
phatidic acid. 1, Phosphatidylinositol; 2, PtdIns(4)P; 3, 
Prdins(4,5)P). 














‘protein capable of both binding and hydrolysing GTP**"*’, may 
function like the postulated GTP-binding protein to link recep- 
tors to PtdIns(4,5)P, phosphodiesterase. Consistent with this 
notion is the finding that epidermal: growth factor (EGF) 
‘increases the binding of GTP to rasp 21%, suggesting that the 
řaş gene product is capable of interacting with cell-surface 
“receptors. The well established role of GTP-binding proteins in 
“controlling cyclic AMP production may thus be extended to 
include the regulation of other transduction mechanisms such 
as InsP, formation by these calcium-mobilizing receptors. 


Removal of inositol trisphosphate 


The- intracellular levels of diacylglycerol and InsP, are deter- 
mined by a: Balance between their rate of formation from 
PtdIns(4,5)P; and their rate of removal by two pathways which 
channel them back'to phosphatidylinositol (Fig. 2). A lipid cycle 
begins with diacylglycerol kinase (Fig. 2/) converting diacylgly- 
cerol to phosphatidic acid, which is then primed by reacting 
with CTP to form CDP-diacylglycerol. This in turn reacts with 
inositol to re-form phosphatidylinositol. The inositol is the end 
product of an inositol phosphate cycle responsible for i inactivat- 
ing InsP;. The cycle begins with an inositol trisphosphatase”, 
-which attenuates the second messenger activity of InsP, by 
“removing phosphate from the 5-position to produce inositol 
bisphosphate (InsP,) (Figs 1, 2f). An inositol bisphos- 
phatase™™” (Fig. 2g) hydrolyses InsP, to inositol 1-phosphate 
_ CinsP,). In addition to inositol 1-phosphate, brain extracts also 
significant amount of inositol 4-phosphate*', suggest- 
he bisphosphatase may not be completely specific, or 
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3 min 
Fig. 3 Mobilization of calcium from permeabilized insulinom 
cells by repeated pulses of 2.5 uM InsP, (ref. 66). 











to free inositol by an inositol l-phosphatase (Fig. 2h) thi 
markedly inhibited by lithium®***. Lithium may desens 
receptors by blocking the inositol phosphate cycle, so reduci 
the supply of the inositol lipids required by the receptor mecha: 
ism”. In adrenal glomerulosa cells, lithium blocks the ac 
of angiotensin I, which operates through the inositol tipii 
but has no effect on the action of adrenal corticotropic hormo 
(ACTH), which works through cyclic AMP”. 

In summary, there are four biochemical cycles concerned wit 
the role of the inositol lipids in signal transduction (Fig, 
lipid and inositot phosphate cycles ultimately unite to synthesize 
phosphatidylinositol, which is fed into the phosphatidy 
inositol/ PtdIns(4,5)P, futile cycles. The key event of the tr 
duction mechanism is the phosphodiesterase hydrolysi 
PtdIns(4,5)P.; this represents a bifurcation point in th 
pathway in that the two products, diacylglycerol and Ins 
function as second messengers. The role of diacylglycer 
controlling one arm of this bifurcating signal pathway has’ 
recently reviewed**; here we concentrate on the propose 
of InsP, as as a second messenger to mobilize intracell 
calcium** 















































Calcium mobilization 


Evidence for the InsP, calcium-mobilizing hypothesis has been 
obtained by studying the effect of this putative second messenger 
on various permeabilized cells where InsP; could gain access 
to the intracellular calcium stores; this calcium-releasing 
property of InsP; was first demonstrated in a preparation of rat 
pancreatic acinar cells permeabilized by incubation in alo 
calcium medium*’. This basic observation has been verifi 
using different permeabilization and calcium-measuring tec 
niques in a number of cell types including liver” ®' GH; cells™, 
Swiss 3T3 cells 63.64 an insulinoma cell line?" oe 
neutrophils’, macrophages'*’, cardiac microsomes?” 
cine artery smooth muscle cells®®. 

For example, when permeabilized insulinoma cells are inc 
bated with ATP in a low calcium medium (1.7 pM), they beg 
to sequester calcium. The result is a rapid decline in the amb 
concentration towards an equilibrium value of 0.1 yM, atw 
point the uptake and release of calcium across the internal stor 
are exactly balanced® (Fig. 3). The dynamic nature of the systen 
is demonstrated by the restoration of this equilibrium value 
following the addition of a small test pulse of calcium. Addition 
of InsP, to give a final concentration of 2.5 uM results ina rapi 
release of calcium followed by a slower re-uptake to the origi 
equilibrium value. Similar responses are obtained followin 
subsequent additions of InsP;, suggesting that the InsP;-sen 
tive calcium pool is refilled during the re-uptake phase. Identical. 
observations have been reported for permeabilized liver cells” 
where the re-uptake of calcium was found to coincide with the 
degradation of InsP, (ref. 59). i 

The intracellular calcium store appears to consist of a vesicular 
pool; this has been demonstrated by using the ionophoreés 
A23187 and ionomycin, which abolish the effects of InsP;.by: 
discharging the stores*”*?**’. The two most likely candidates 














reticulum. These can be distinguished from each other by load- 
ing with calcium at different concentrations or by using various 
metabolic inhibitors. When calcium is buffered at 180 nM, per- 
meabilized liver cells accumulate calcium in a non-mitochon- 
drial pool which is sensitive to InsP, (ref. 58). Conversely, there 
iş no release when cells are allowed to accumulate calcium in 
- a mitochondrial poo!l®**?*, Inhibition of mitochondrial func- 
tion by removing metabolic substrates or by adding inhibitors 
(antimycin, oligomycin, Ruthenium red) has no effect on the 
ability of InsP, to release calcium from the ATP-dependent 
vesicular pool*’°°?°7, Thus, the InsP -sensitive release site is 
probably the endoplasmic reticulum, not the mitochondria. 
. This conclusion is supported by cell fractionation experi- 
„ments, which show that InsP, can release calcium from micro- 
somes but not from isolated mitochondria®*. After further 
fractionation of pancreatic microsomes, InsP;-sensitive release 
s localized predominantly in those vesicles containing markers 
or the endoplasmic reticulum rather than the plasma mem- 
yxrane“”. Insulinoma microsomes do not respond to a second 
challenge with InsP; (ref. 65), which can probably be explained 
_ by vesicle heterogeneity”. When InsP, is first added, calcium 
is chased out of the InsP;-sensitive vesicles only to be mopped 
_ up by those which are insensitive. This heterogeneity suggests 
hat, within the intact cell, only a part of the endoplasmic 
“reticulum, perhaps that lying close to the plasma membrane, 
“may be sensitive to InsP,. Changes in intracellular calcium in 
response to agonists may, therefore, not be uniform, but may 
_ be localized in specific regions depending on the juxtaposition 
of surface receptors and intracellular calcium stores'’. An 
alogous arrangement may occur in cardiac muscle, where 
cium is thought to be taken up over the whole surface of the 
Fcoplasmic reticulum but to be released only from the terminal 
sternae close to/the T-tubules”’. 
Previous studies with intact liver suggested that the hormone- 
ependent mobilization of calcium involves an amplification 
p; for more than 10 calcium ions are released for each 
lecule of PtdIns(4,5)P, hydrolysed by the receptor mechan- 
' One amplification step probably resides at the level of 
ndoplasmic reticulum; for example, using data from per- 
neabilized liver cells’, we calculate that each InsP; molecule 
eases at least 20 calcium ions. Just how this calcium is released 
rom. the endoplasmic reticulum is unknown, but current 
dence favours the view that InsP, acts by stimulating calcium 
Rux (as shown in Fig. 1) rather than by inhibiting calcium 
take. When the latter is blocked completely, either by adding 
anadate or by removing ATP, there is a gradual release of 
calcium which is very much slower than that obtained by adding 
sP, (ref, 67). Furthermore, the calcium mobilizing effect of 
Py was greatly enhanced when calcium uptake was blocked. 
e ability of InsP, to release calcium from the endoplasmic 
eticulum was unaffected by nifedipine (54M), verapamil 
10 uM), cobalt (100 uM), dantrolene (30 uM) or Ruthenium 
d (20 pM). 
The specificity of the putative InsP, receptor on the endoplas- 
mic reticulum (R, in Fig. 1) has been analysed by testing a range 
of inositol phosphates and closely related compounds (Table 
2). It is of particular interest that InsP,, formed when InsP; is 
hydrolysed” by inositol 1,4,5-trisphosphate 5-phosphatase (Fig. 
1), has no effect. The InsP,-binding site on that enzyme is 
pparently distinct from the receptor on the endoplasmic 
Teticulum, because 2,3-diphosphoglyceric acid, which blocks the 
tisphosphatase*’, has no effect on the ability of InsP, to release 
calcium”. A common feature of the four inositol phosphates 
which can release calcium®'™ (Table 2) is that they all have the 
pair of vicinal phosphates at the 4- and 5-positions (Fig. 1). 
‘These two phosphates appear to be essential for full activity 
(ability to release calcium), whereas the remaining phosphate, 
at the |-position, seems to enhance the affinity of InsP, for its 
receptor. Moving this phosphate from the 1- to the 2-position 
causes some reduction of affinity, and removing it altogether 
causes a dramatic reduction in the ability of the molecule to 











for the ‘store are the mitochondria and the endoplasmic 








Table 2. Specificity of InsP,-sensitive calcium mobilization 








Concentrations 
tested 
Inactive compounds (aM) 
2,3-Diphosphoglycerate™ 2,000 
Fructose 1,6-bisphosphate® 10 
myo-inositol 5634566 2.5-100 

Inositol 1-phosphate*”**-* 5-10 
Inositol 2-phosphate*?-*7 7.5-10 
Inositol 1,2-cyclic phosphate?’** 5-10 
Inositol 1,4-bisphosphate®?*6>-65.67 1-50 

Concentration 

giving 

half-maximal 

Active compounds release (pM) Tissue 


Inositol 1,4,5-trisphosphate 0.4 Rat pancreas acinar 
cells” 

Inositol 1,4,5-trispħosphate 0.1 Rat hepatocytes?’ 

Inositol 1,4,5-trisphosphate 0.2 Guinea pig 
hepatocytes’ 

Inositol 1,4,5-trisphosphate 0.3 Swiss 373°? 

Inositol 1,4,5-trisphosphate 0.5 Rat insulinoma” 

Inositol 1,4,5-trisphosphate 0.7 Porcine artery cells 

Inositol [,4,5-trisphosphate 0.75 Human neutrophils? 

Inositol 1,4,5-trisphosphate 0.8 Macrophages? 

Inositol 1,4,5-trisphosphate 1.0 GH, cells” 

Inositol 1,4,5-trisphosphate 0:50 Rat liver microsomes™ |: 

Inositol 1,4,5-trisphosphate 3.0 Insulinoma ae 
microsomes” 

Glycerophosphoinositol Li Swiss 373 

4,5-bisphosphate 

Inositol 2,4,5-trisphosphate LI Swiss 373 

Inositol 2,4,5-trisphosphate 1.3 Guinea pig 
hepatocytes®! 

Inositol 4,5-bisphosphate 20 Swiss 373 

Inositol 4,5-bisphosphate ~50 Guinea: pig 
hepatocytes®! 
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mobilize calcium (Table 2). The most effective molecule tested 
so far is one of the naturally occurring isomers’’, with the three 
phosphates in a D-1,4,5-configuration. 

The rate at which InsP, is formed after cell stimulation??? 242529 
is fast enough for it to be the messenger causing calcium mobiliz- 
ation, but the concentration which it can reach in stimulated 
tissues is at present unknown. Rough estimates based on the 
PtdIns(4,5)P, content of tissues” and direct measurements of 
labelled InsP, (refs 28, 58, 72) give values in the micromolar 
range, which are within the levels active on permeabilized. cells 
(Table 2). These measurements, however, all rely on isotopic 
techniques where the problems of pool. equilibration and the 
existence of two isomers make accurate estimates impossible. 


Phototransduction 


Photoreceptors function as transducers by converting the energy 
of light into the electrical signals that convey visual information. 
to the brain. A gap in our knowledge of phototransduction is 
the link between photon capture by rhodopsin, and the change 
in ion permeability that initiates electrical activity. The need for | 
a second messenger in phototransduction is highlighted by the 
fact that a single photon can open approximately 1,000 sodium 
channels in Limulus photoreceptors”. That InsP; may be such 
a link in phototransduction**’”* is borne out by evidence that 
light causes a decrease**** in the amount of *H-inositol in the 
precursor PtdIns(4,5)P,, with a corresponding increase in the 
amount of labelled InsP, (ref. 42). Octopus photoreceptors 
possess a protein whose GTP binding and hydrolysis functions 
are sensitive to light“, As described earlier (Fig. 1), this GTP- 
binding protein may be responsible for coupling activated recep- 
tors (in this case bleached rhodopsin) ‘to the PtdIns(4,5)P, 


phosphodiesterase which generates ‘InsP... 













Fig. 4 The proposed role of diacylglycerol ONCOGENES 
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E messengers in regulating cell proliferation. eee EGE | omiléride 
o 0 Ohncogenes appear to code for various i Phorbol : 
aspects of the signal pathway such as growth erb B = ~ Receptors esters ô 
«factors (sis) and the kinases (src and ros) rise es GTP 1 
oesponsible for forming the substrate F X DG @ sÊ- kinase) —me Not H+ mel pH 
(Ptdins(4,5)P,) used by the receptor foe Sa wee carrier : $ 
“mechanism. The erb-B gene codes for a trun- ANZ N t Cail 
cated EGF receptor reported to stimulate © © P. (PDE) Ee ti 
phosphatidylinositol turnover by some NL : 
~ workers™™! 7 but not by others'**. The ras Le 





gene product may function to couple recep- 
tors to underlying transduction mechanisms 
“such. as. the. PtdIns(4,5)P, phospho- 
esterase (PDE). Diacylglycerol apparent- 











duced normally by light*®’’, InsP, stimulates an inward 
- current, carried mainly by sodium ions, which has a reversal 
potential identical with that induced by light. As well as func- 
joning as a second messenger in phototransduction, InsP; may 
| also be responsible for the process of adaptation*””*. Injection 
of nsP, into photoreceptors reduces their responsiveness to 

‘subsequent flashes of light. Conversely, a flash of light causes 
“a reduction in the responses induced by repetitive injections of 
InsP, (ref. 42). As an increase in intracellular calcium has been 
implicated in adaptation”, it is reasonable to suppose that some 
of the actions of InsP; in photoreceptors may be mediated by 

mobilizing calcium from internal stores. It remains to be seen 
<= whether or not InsP; is involved in vertebrate photoreceptors. 










cell growth and oncogenes 


ie. discovery of InsP, as an intracellular second messenger 
iy contribute to our understanding of those aspects of cell 
owth and development that depend on the mobilization of 
cium from intracellular stores. It has been known for some 
time that growth factors cause changes in inositol lipid metabol- 
ism”, but the link between these events at the plasma membrane 
and the onset of cell proliferation has not been understood. 
There is now much support for the proposal that both diacylgly- 
~ cerol and InsP; may function as second messengers controlling 
“the two major ionic events implicated in cell proliferation (Fig. 
4). Diacylglycerol acts within the plane of the membrane to 
stimulate protein kinase C**, which is probably the site of action 
of the tumour-promoting phorbol esters”. As the phorbol esters 
-vean activate the Na*/H* exchange carrier’”’”*, it has been pro- 
“posed that diacylglycerol may act in a similar way to increase 
‘cytoplasmic pH (refs 4, 63). Such an increase in pH is a charac- 
“teristic feature of the action of growth factors and is thought to 
- have an important role in stimulating cell growth’?*'. 
‘Calcium has long been implicated in cell proliferation 
© The increase in intracellular calcium which occurs. when cells 
are fertilized” or stimulated with growth factors'°** may depend 
on the hydrolysis of Ptdins(4,5)P, to form InsP}, which then 
releases calcium from intracellular stores. The large increase in 
polyphosphoinositide metabolism in sea urchin eggs followin o 
fertilization has been implicated in calcium mobilization 
Direct evidence for the involvement of InsP, is provided by the 
observations that injection of InsP; (but not InsP.) triggers some 
of the initial events of the fertilization process (elevation of the 
fertilization membrane) in sea urchin® and starfish oocytes 
(M.J.B. and L. Meijer, unpublished observations). The action 
of growth factors (platelet-derived growth factor (PDGF), bom- 
‘besin and vasopressin) on Swiss 3T3 cells results in an increased 
a formation of diacylglycerol®’ and InsP, (réfs 63, 88). The latter 
is likely to function as a second messenger to mediate the 
_ ealcium-mobilizing action of growth factors’, as it can release 
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sis of PtdIns(4,5)P, induced by growth factors results 
vation of two signal pathways which may regulate 


calcium from permeabilized Swiss 3T3 cells, Thus, the 
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pathway based on the inositol lipids may represent the sites o 
action of certain oncogenes (Fig. 4)”°”*. The sis oncoge: 
responsible for producing PDGF’, known to- sti 
inositol lipid metabolism®™*’. The erb-B gene codes for a tr 
cated EGF receptor”. (EGF stimulates an immediate incre: 
in cytoplasmic free calcium in fibroblasts'®**.) Proteins encod: 
by the src and ros oncogenes may function as inositol i 
kinases?’ to convert phosphatidylinositol 
PtdIns(4,5)P, used by the receptor mechanism (Fig. if 
reasonable to speculate that other oncogenes, whose func 
are still unknown, may code for enzymes concerned wit 
remaining steps of this bifurcating signal pathway” A 
ticularly intriguing possibility i is that the activated ras gene 
transform cells by causing an uncontrolled stimulatio 
PtdIns(4,5)P, phosphodiesterase (Fig. 4). The normal | 
can both bind and hydrolyse GTP, but on activation by 
mutation at codon 12, the resulting oncogenic protein can 
bind GTP*, although its ability to hydrolyse this nucleoti 
severely impaired**”, If ras does play a part in this recep 
mechanism, the loss of GTPase activity means that the oncogeni 
protein would continue to activate the formation of InsP; an 
diacylglycerol in an uncontrolled way independently of gr wt 
factors (Fig. 4). 
Most of the oncogenes discovered so far have been identi 
through viral transformation or transfection assays and are lik 
to be dominant (drive the signal pathways forward by activ 
positive steps such as the formation of second messengers). | 
is conceivable, however, that there may be a set of recessi 
oncogenes which code for enzymes responsible for inhibit 
aspects of the signal pathways such as second messe g 
removal. The potential targets for both dominant and recessiv 
oncogenes are described elsewhere” 



































Early development 


Ionic currents flowing through oocytes may be responsi 
segregating cytoplasmic components to establish an ante 
posterior axis during early development™®”. A calcium-deper 
dent chloride current entering the animal pole has been detected: 
in Xenopus oocytes using an extracellular vibrating electrode” 
Muscarinic receptors, which are concentrated around the anim 
pole, respond to acetylcholine by inducing a membrane 
depolarization resulting from the opening of chloride cha 
nels™”? themselves regulated by calcium, which is apparent! 
released from intracellular stores by InsP, (ref. 100). Injectio 
of eggs with InsP, results in an electrophysiological respons 
similar to that normally induced by acetylcholine’. Even i 
the absence of acetylcholine, eggs often display spontane 
fluctuations in chloride conductance” which probably.account 
for the chloride current that enters the animal pole. Thes 

spontaneous fluctuations may result from the transient accumu 
lation in the animal pole of the same ‘channel gating substane 














ormally rel ased by acetylcholine” and which could well be 

nsP;. Therefore, a localized accumulation of calcium released 

y InsP, at the animal pole may be responsible for the large 
influx of chloride at this point. InsP, could thus have an impor- 
tant role in early development to establish an egg axis by 

egregating cytoplasmic components through localized calcium 
gradients and electric fields. 


Calcium entry 
Inthe initial seconds or minutes of cell activation by a number 
of agonists, the best demonstrated function of InsP, as a second 
messenger is the mobilization of calcium from intracellular 
stores, particularly the endoplasmic reticulum. If, however, a 
tissue is to maintain an elevated calcium level, some modification 
of plasma membrane calcium transport is necessary because of 
the limited size of the intracellular calcium stores. Whether or 
ot InsP; is directly involved is not known, but elevated intracel- 
ulär levels of calcium could be maintained by inhibition of the 
calcium pump on the plasma membrane'®'!'? by some mechan- 
ism regulated by changes in the level of PtdIns(4,5)P, (ref. 7). 
The Ptdins(4,5)P, used to generate InsP, is an integral part 
of the bilayer, where it may regulate a number of membrane 
properties in addition to controlling the calcium pump. The 
level of PtdIns(4,5)P, may regulate membrane fluidity'™ or the 
anchoring and transfer of proteins across the bilayer!™. So, as 
PtdIns(4,5)P, is consumed to generate second messengers, there 
may be localized perturbations in the bilayer which alter a 
number of membrane properties. 


Inositol 1,3,4-trisphosphate 

In several tissues, InsP; levels elevated in response to agonists 
€ prolonged over many minutes”®**!°!°5 but a complicating 
ctor in measuring InsP; levels is that the predominant inositol 
phosphate may not always be D-inositol(1,4 ,5)trisphosphate 
‚father, D- or L-inositol(1, 3 „A)trisphosphate? . The origin and 
ction of this is unknown, because the evidence for its 
istence comes from radiolabelling studies with °H- or '4C- 
belled inositol, its abundance in mass terms compared with the 
34,5-isomer is also unknown. The occurrence of 
ositol(1,3,4)trisphosphate is therefore a further complication 
| assessing the rate and extent of InsP; accumulation. However, 
there.is also a possibility that inositol(1,3,4)trisphosphate has 
essenger functions of its own and represents an entirely new 
cet of inositide function". For example, hyperstimulation of 
parotid via the cholinergic parasympathetic pathway, which 

sults in a large accumulation of inositol(1, 3,4)trisphosphate’®, 
stimulates DNA synthesis It is also significant that 








ng to be the 1,3,4-isomer), is a see growth stimulus in 
phocytes’ and ‘mammary! and kidney epithelial cells’. 
though the 1,4,5-isomer seems to have more immediate effects, 
or example, calcium mobilization, the 1,3,4-isomer may con- 





econd-messenger interactions 


-important aspect of the bifurcating receptor mechanism 
jich utilizes InsP, and diacylglycerol as second messengers is 
at the two limbs of the signal pathway may sometimes interact 
th each other synergistically’®, although an inhibitory effect 
"protein kinase C on calcium transport has also been repor- 
d’?! One explanation for the synergistic interactions is that 

he diacylglycerol-sensitive pathway may alter the sensitivity of 
the calcium pathway. For example, activation of protein kinase 
C by a phorbol ester results in a large increase in the calcium 
sensitivity of secretion in blood platelets!’ and adrenal 
-medulla''’. Some cellular processes, such as shape change and 
“secretion in blood platelets, can be activated through the C- 
“Kinase pathway without a change in the resting level of cal- 
cium’'*, but a more effective stimulus is provided when both 
“pathways act in concert®:''*''*''®_ Another important interac- 





tion is the finding that stimulation of the protein kinase C 


pathway can greatly enhance the formation of PtdIns(4)P and 
Ptdins(4,5)P, (refs 116, 117}. Diacylglyceral could thus function- 
as a positive feedback signal to increase the formation of the 
PidIns(4,5)P, required by the receptor mechanism” ® 0, : 
Interactions between the cyclic nucleotide and inositide path- 
ways are a relatively unexplored but potentially exciting area. 
In platelets, for example, cyclic AMP has a marked inhibitory 
effect on inositol lipid breakdown” (generally interpreted as an 
inhibition of the phosphodiesterase, but equally likely to be an 
effect on the kinases or phosphomonoesterases which control’ 
Ptdins(4,5)P, levels (Fig. 2)). Reciprocal effects of phorbol esters 
(presumably acting as diacylglycerol analogues) on the sensitiv- 
ity of receptors which activate adenylate cyclase have also been |: 
reported''*! 
The identification of InsP, as a second messenger raises far 
more questions than it answers. It is clear, however, that the — 
bifurcating signal transduction system of inositide metabolism 
is used by a wide variety of agonists as a uniquely flexible 
signalling system. A key role for InsP, is to mobilize calcium, 
but its overall metabolic properties place it in a central position 
to carry out additional second messenger functions. The extent 
of its influence is evident from the growing list of tissues in 
which InsP, is a second messenger. 
Note added in proof: In contrast to the lack of any effect of 
pertussis toxin on renal calcium-mobilizing receptors**, this 
toxin inhibits GTP-dependent histamine release in mast cells'*. 
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Pelagic pteropods are an important component of the oceanic CO, system. Their shells appear to be a principal source 
excess alkalinity in the upper water column of the North Pacific Ocean. Dissolution of aragonite must therefore be take 
account of in generating models of the oceanic CO, system and is also an important cause of sample loss from long-te. 


sediment traps deployed in undersaturated seawater. 















MARINE aragonitic detritus is an important component of the 









half the calcium carbonate (CaCO;) detritus settling to the 
: ‘in some areas of the Pacific Ocean it appears to 








anic CO, system and may constitute worldwide about. 


ubstantially more than half the total CaCO, flux in: 
7 Aeagonite c dissolution provides = a means of ; 
















explaining alkalinity anomalies in the upper ocean™ > and, j 
addition, a means of balancing the oceanic CaCO, ma: 
budget'*. Aragonite may be especially important in the: ah 
term buffering of fossil fuel CO, injected into the ocean’. 

The. importance of aragonite in the oceans is largely attrib 
table to its rapid dissolution kinetics compared with calc 








“Table 1 Aragonite dissolution rates 





Morse 
Doai Keir? et alt Eq. (8)+ Eq. (7) 
1.50. 0.09 0.36 0.30 0.46 
1.30 0.9 1.9 1.7 1.6 
EIS 3.0 4.2 4.2 3.5 
100 7.5 8.1 8.2 6.6 
0.85 16 14 15 12 
0.75 25 18 20 16 
0.65 38 25 (34)8 27 22 
0:55 56 33 (65)§ 36 30 
Rates (% d') predicted by Morse et al®, Keir’ and this work as a 





unction of saturation state at 5°C, 34.03% salinity and pressures of 
760 atm. In this analysis we have used the properties of a seawater 
ample collected at 26° N, 165° E in the North Pacific Ocean. 
F Oovicne Calculated using the equations and procedures in Millero'? 
‘p= 1,78 
“p= 2.05. 
§ The higher dissolution rates shown in parentheses calculated using 
equation (11). 


‘onsequently, these kinetics have received considerable atten- 
on recently. Substantial differences exist between results from 
areful laboratory investigations®’ and in situ analyses*”: in situ 
sagonite dissolution rate determinations are more than an order 
f magnitude smaller than predictions based on laboratory 
alyses. These differences are a major concern in assessing the 
aviour of aragonite in the oceans. We have performed a 
‘number of dissolution rate determinations at sea, using 
ihly collected aragonitic particulates in an attempt to resolve 
discrepancy. Our methods are only a small step removed 
<in situ analyses and incorporate advantageous features of 
atory methodology. 





alytical techniques 
analyses were conducted aboard the RV Discoverer, along 
Ein the North Pacific Ocean (station locations and hydro- 
taphic data provided in Feely et al.'°). Our pteropod samples 
re collected using free-drifting sediment traps at depths 
etween 100. and 2,200 m. Use of large area (0.66 m°) traps 
lowed short ( ~ 24 h) collection periods and collection of intact 
ropod shells with surface chemistries presumably quite 
milar to those of pteropods settling through the water column. 
Seawater used in our dissolution analyses was collected at 
e sediment trap stations along our transect’. These samples 
re generally collected near 2,000 m and were characterized 
ith respect to total. CO,, carbonate alkalinity and pH, as 
escribed previously". 
ur experiments were conducted by examining the dissolution 
intact pteropod shells devoid of internal organic matter. In 
ral, individual pteropods were used in each of our 80 
eriments. Pteropods were housed in glass-plastic sample 
inside thermostated high- -pressure vessels and were gently 
cillated at 7 cycles min™' for the duration of each experiment. 
h dissolution experiment was conducted at 5°C and at 
sures near 375 atm; extent of dissolution was monitored by 
suring the seawater pH in the sample vials before and 
each experiment. The pH changes induced by CaCO,(s) 











CaCO, (s)+H* = Ca** + HCOS (1) 


re generally quite small (0.03 = pH = 0.20). In order to maxim- 

he signal-to-noise ratio, our seawater sample volumes were 
small (~9 ml) and pH was measured using electrodes (Ross- 
ype reference—Orion Research) substantially free of drift in 
e-course. of thermal cycling. The total CaCO, dissolved in 
ach experiment was determined using the initial alkalinity, pH 
and total CO, characteristics of our seawater samples'® and by 
alculating the alkalinity change (twice the change in total CQ.) 
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Fig. 1 The solubility behaviour of aragonite obtained in various 
investigations as a function of equilibration time'*. The parameter 
P = Kipa/ K spe provides a direct comparison of Kp, the solubility 
product of calcite obtained by Ingle et al.” (35%. salinity, 25°C) 
and Kip values (35% salinity, 25°C) obtained by: ©, Plath’®: 
A, Berner"; (D, Macintyre”; @, Morse er al'*. K? values 
obtained in seawater at 25°C and 35% salinity'*-'*" agree to 
within 5%. Consequently p is not significantly altered by alternative 
choices of Kipo Whereas the minimum value of p is reasonably 
well established, upper-bound values of p, appropriate to natural 
aragonitic particulates undergoing dissolution, are not well defined. 


necessary to produce the observed change in pH. The equations 
and formation constants used in our calculations follow Mil- 
lero'’ and Feely et al.'°. Subsequent measurements of sample 
(pteropod) masses on laboratory microbalances permitted the 
result of each experiment to be expressed in terms of a % weight 
loss. 

A potential liability encountered in the use of fresh pteropod 
shells is occasional evidence of bacterial respiration during 
dissolution experiments. We found an effective remedy for this 
possibility in the addition of Hg(11) to the seawater samples... | 
Our seawater media were 2107 M in Hg(11). Hg(11) has a a 
very substantial affinity for halide ions, so Hg** is not readily 
available for interaction with carbonate surfaces. HgCly- sub- 
stantially dominates the speciation scheme of Hg(1i) in sea- 
water? and, in our media, free Hg°™* concentrations are 
~107" M. 

Detailed laboratory experiments”? have shown that carbon- 
ate dissolution rates in seawater generally can be well described 
by the following expression 


R=k(1-Q)" ! (2) 


where R is the dissolution rate (% per day), k has the dimensions 
% per day, n is the reaction order and ( is the degree of 
saturation calculated as 


_ MeaMco, 


K 


SPA 


n (3) 


where Mea and mco, are total Ca** and CO?” concentrations: i 
in mol kg”! seawater, and K,,, i is the temperature, pressure and - 


salinity-dependent apparent solubility product of aragonite in| i 


seawater, The cumulative % dissolution in each of our experi- 
ments was modelled using the following integral form of 


equation (2): ; 
= [Rasaf [1 -remei ] dt (4) 
6 G Ky, 


Dissolution times in these experiments ranged between one hour 
and approximately one day. The integrations were performed 
numerically by dividing the total dissolution time, 4, in each 
experiment, into a large number ‘of segments. Our analyses 
indicated that dissolution sepment st min produced identical 
model predictions. l : 
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| Fig. 2° The cumulative % ‘dissolution of pteropods settling ata 
“mid-range rate, 1.4cm:s™!, at two of our station. locations in the 
“North Pacific Ocean. Significant dissolution. begins. at shallow 
depths at the northernmost station (50° N, 167° E). At 35° N, 165° E 
dissolution becomes appreciable below 1,000 m. As the influence 
`of dissolution on settling rate is not considered, the cumulative 
dissolution shown here should be considered as a lower-bound 

f estimate. 






Equation (4). was applied here to each of our 80 dissolution 
ments. In each analysis a set of parameters (k, Kip, and 
chosen and held constant. This process generated a value, 
"i dicted), for each of our experiments. D(predicted) was 
hen compared with D(observed) and the difference was used 
o generate a residual, ;. The quality of a given set of parameters 
k, Kipa and n) was-evaluated by examining the residual sum 
of squares generated by modelling the entire 80 experiment data 
ety 
80 

residual sum of squares = F ¢? (5) 


i=] 


According to this process, the residual sum of squares was 
‘xamined as a function of k, Kip, and n; Our choices of Kip, 
vere constrained by the results obtained in a variety of direct 
iragonite solubility determinations'*-'*. An unusual feature of 
iragonite solubility relative to that of calcite is the long equili- 
rium time necessary for attainment of true equilibrium. Morse 
tal.'* demonstrated that where the aragonite solubility products 
»btained in various investigations are ordered with respect to 
‘quilibration time, a monotonic decrease is. observed over a 
yeriod of weeks (Fig. 1). This behaviour appears to reflect slow 
ariation in the surface chemistry of aragonite’ ” and indicates 
hat Kipa appropriate to naturally occurring aragonitic particu- 
ates may assume values 26.65 x10~’ (mol kg”). For con- 
renience, Kip, was expressed i in-terms of the apparent solubility 
wroduct of calcite?°: 


Kp, = PK ope (6) 


jolubility analysis'* and partial molal volume data indicate that 
he effects of temperature and pressure on p are quite small 
:ompared with the changes in p attributable to variations in 

gonite surface chemistry. Ki, was calculated according to 
iethods of Millero’' and Feely et al.'°; values of p rep- 
"esentative of the range of K;,,,/ Kipo values obtained in detailed 
y analyses were used to calculate Kip, The values of 
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re correspond to the lowest and highest values of p,- 
£ respe eet at 25 C and 35m and t to the eratio, : 






Morse et al® described their dissolution rate result 
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Fig. 3 a, b, The predicted cumulative % dissolution of pteropod 
shells in the North Pacific versus. depth for representative ini 
settling velocities. The initial settling rates appropriate to-each 
species are based on results obtained in our laboratory. The scales 
PETRER to each pteropod species represent a length of | mm. 6, 
A single pteropod species was observed in the highly undersatu 
ated waters at the northernmost station. 


p= 1.78, appropriate to the use of Berner’s Ki, data’? in 
dissolution analyses of Morse et al.'® and Keir’. 


Aragonite dissolution rates 


Examination of the residual sum of squares surfaces (RSS, k : 
n, p) generated by our data and the dissolution model, equati 
(4), produced the following results. First, the data could not be 
satisfactorily modelled using values of p as small as 1.45. Second, 
the best description of our results is provided by the equation 


4] 
R= asfi eat | 
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Third, the best fit model obtained with p = 1.78 produced reason ; 
able descriptions of the data, only slightly inferior to thebest 
fit results from equation (7) : 


ramea f (8) 


R = 130 
[:- 1.78 K po 


Our dissolution rate results can be compared with the diss 
ution models of Morse ef alf and Keir’. The dissolution rate 
equation of Keir’ is given by 


R(% per day) =318(1-9)*? 
































‘equations. For 0, = 0.44 they obtained the result 
R(% per day) = 110(1 9)? (10) 


and for higher degrees of undersaturation (Qa = 0.44) they 
obtained 


9)??? (11) 


Despite apparent differences in equations (7)-(11), the dissol- 
ution rate predictions of each are generally in good agreement. 
‘The dissolution rate predictions obtained here and by Morse et 
al® and Keir’ are compared (Table 1). In examining their 
-predictions for the conditions of our experiments, we assumed 
a value of p = 1.78. This is consistent with their use of Berner’s 
Ky, values. 

<. The dissolution rates shown in Table | indicate that the 
éterminations of Morse et al. and Keir provide good first-order 
predictions for the dissolution of aragonite in the oceans. This 
is important because previous comparisons jhave been either 
semiquantitative”! or in very poor agreement*” with ioe 
results. In agreement with Morse et al. and Morse and Berner’ 
ur results indicate that the in situ devices of Milliman® and 
onjo and Erez” produced saturation states significantly exceed- 
ing the surrounding seawater. 

Differences in the results obtained here and by Morse et al. 
and. Keir can be attributed to a variety of factors. The enhanced 
‘dissolution rates observed by Keir are probably the result of 
using pteropod fragments rather than whole pteropods. The 
inner surfaces of intact pteropods have a somewhat limited 
availability for dissolution. Consequently, the experiments of 
Keir were conducted using materials of a somewhat larger 
surface area to mass ratio than the intact pteropods used here. 
The results of Morse et al.® are in remarkable agreement with 
our results, except at high degrees of undersaturation. This 
indicates that our results are commensurate with equation (10) 
“put not equation (11). This may indicate that, in the low tem- 
“perature environment of the deep ocean, the change i in reaction 
order observed at 0, = 0.44 by Morse et alô occurs at much 
higher degrees of undersaturation. Finally, in agreement with 


R(% per day) = 1,318(1—- 


Fig. 4 The typical surface transformations accompanying pteropod dissolution. A smooth surface (C, columnella, scale bar 500 pm) typical 

of all large, rapidly settling species found in our sediment traps. b, Pteropods not exposed to undersaturated seawater exhibit smooth surfaces, 

even under high magnification (scale bar 10 um). c, In contrast, the very thin-walled, slowly settling species, L inflata (scale bar 100 um) 

exhibits considerable surface etching. d, Under high magnification (scale bar 10 am) this individual, taken from 2,100 m at 35° N, 165° E, 
shows the sharply contrasting surface characteristics typical of partially dissolved, slowly settling species. 
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the solubility analyses of Morse et al.'®, our results indicate that 
whereas lower bound K,,,, values are reasonably well defined, 
the upper bound Kip, values appropriate to freshly collected 
pelagic aragonitic particulates are not well defined. K4,,/ Kipo 
ratios appropriate to freshly collected aragonite in undersatur- 
ated seawater appear to exceed significantly the ratio attained 
after long equilibration periods. 


Water column dissolution of pteropods 


The results given in equations (7)-(11) can be used to examine 
the cumulative dissolution of pteropods settling through the 
oceanic water column. Using the carbonate system characteriz- 
ations (Qe versus depth) at two of our stations in the North 
Pacific’? we have calculated the cumulative % dissolution of 
pteropods settling at a mid-range rate?” of 1.4 cm s~". The results 
of this analysis at two locations along the cruise track are shown 
in Fig. 2. 

At a mid-range settling rate, pteropods in transit to the floor 
of the Pacific Ocean will undergo substantial dissolution (Fig. 
2). At high latitudes, dissolution rates are appreciable at shallow 
depths, whereas at low latitudes dissolution becomes appreci- 
able at depths below | km. It is important to recognize that Fig. 
2 was constructed without considering the decrease in settling 
velocity which accompanies mass loss. Therefore, we regard the 
extents of dissolution shown in Fig. 2 as lower bound estimates 
for the initial, 1.4 em s™' settling velocity. 

Analysis of the influence of mass loss on settling velocity is 
complicated by considerable variations in pteropod mor- 
phology. Nevertheless, a reasonable first-order assessment of 
the effect of mass loss on settling velocity can be constructed 
by assuming the following relationship: 


m 
ve TES) (12) 


where v is pteropod settling velocity, vy is initial pteropod 
settling velocity, m is initial pteropod shell mass, and m is 
pteropod shell mass corresponding to velocity v. Equation (12) 
is appropriate where substantial mass losses occur without 
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Fig.5 Advanced stages of dissolution in smaller size class 

pteropods (immature L. inflata) found in the 2,100-m sediment 

traps at 35° N, 165° E. a, In this individual (scale bar 100 um) only 

a very small portion of the original smooth surface remains. b, The 

considerable surface roughening which occurs after extended 
exposure to highly undersaturated seawater. 


appreciable changes in particle volume and, as such, is appli- 
cable to thin-walled shells until onset of fragmentation. Figure 
3 shows the predicted dissolution behaviour of pteropods at 
several initial settling velocities, using equation (12) to account 
for reductions in settling velocity. 


Discussion 


Although our inability to deal with the consequences of shell 
fragmentation makes the predictions shown in Fig. 3 somewhat 
uncertain, it is clear that the influence of mass loss on settling 
rate can produce striking differences in the behaviour of 
pteropod shells in the water column. Shells settling at a mid- 
range rate are substantially dissolved before reaching the ocean 
floor. Shells settling with an initial velocity of 100cms"', 
appropriate to a major size class (juvenile Limacina inflata) 
observed in our mass flux investigations dissolve in the upper 
water column of the Pacific Ocean. It is important to note, 
however, that even in the corrosive waters found in the Pacific, 
large pteropods such as Cuvierina columnella undergo relatively 
minor dissolution before reaching the ocean floor. This explains 
the otherwise disconcerting observations that pteropods are 
found on the uppermost sediment of box cores? and as empty 
shells in the deep water column of the Pacific Ocean™. 

The results shown in Figs 2 and 3 have important implications 
in the interpretation of CaCO, flux measurements in the ocean. 
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Long-duration sediment trap deployments in undersaturated 
seawater will lead to large underestimations of aragonite fluxes. 
The aragonite fluxes observed by Betzer et al.”, using short- 
duration sediment trap deployments, are quite substantial com- 
pared with previous results obtained through long-term collec- 
tions. The flux measurements of Betzer et al. are lower bound 
estimates: large mobile pteropods which may have been able to 
swim into our sediment traps were not included in their esti- 
mates; because some accounting of large pteropod contributions 
to mass flux is certainly necessary, the significance of aragonite 
in the Pacific Ocean could exceed considerably the lower bound 
estimates. As an example of the potential significance of large 
pteropod species, the ratio of large-pteropod mass flux at 400-m 
depths to the small-pteropod mass flux reported in the conserva- 
tive account of Betzer et al. is about 5: 1, 

Analysis of our sediment trap collections in the northwest 
Pacific Ocean indicates that pteropod shells having diameters 
<500 um constitute at least 50% of the aragonite fluxes reported 
by Betzer et al.” for 100-m water depths. Shells in this size class, 
or smaller, should undergo extensive dissolution in the upper 
water column. Scanning electron microscopy of individuals in 
various pteropod size fractions provides direct evidence of 
extensive surface etching in the smaller size classes at relatively 
shallow depths. Figure 4 shows the contrasting dissolution 
features of the large rapid-settling pteropod species C. colum- 
nella and the small fragile species L. inflata. The smooth surface 
of C. columnella, even under considerable magnification (Fig. 
4b), is typical of all large pteropod species collected in the 
deepest, 2,100 m, sediment traps. In contrast (Fig. 4c,d), L. 
inflata and other small pteropod species collected at 2,100-m 
depths exhibit extensive surface etching. At 2,100-m depths, 
slow-settling species have been in contact with undersaturated 
Pacific waters long enough ( ~ 1-2 days) to have lost a consider- 
able portion of their original integument. The smallest size 
fraction in our collections gave evidence of advanced dissol- 
ution: the L. inflata shell (Fig. 5) has retained only a small 
fraction of its original smooth surface; Fig. 5a shows the 
aragonite surface which initially results from loss of this integu- 
ment; Fig. 5b shows the considerable roughening of the 
aragonite surface on further dissolution. The shell transforma- 
tions exhibited by the small specimen in this figure should be 
characteristic of a shell settling at about 1 cms ~' at 35° N (Fig. 
3a). The abundant small size class aragonitic particulates 
observed in our studies should provide substantial contributions 
to the alkalinity of the upper water column of the Pacific Ocean. 
As such, we think that pteropods should be identified as the 
principal source of ‘excess alkalinity’ in the Pacific Ocean, 
described by Fiadeiro’. 

According to Berner Berner and Honjo” and Betzer et al., 
aragonite appears to be a major component of the marine CO, 
system. The results presented here indicate that aragonitic par- 
ticulates should undergo substantial transformations in the 
upper water column of the Pacific Ocean. The relatively rapid 
dissolution kinetics observed in this study and previously” 
indicate that detailed experimental assessments of aragonite 
fluxes in the Pacific Ocean should be conducted in a manner 
minimizing sample transformations subsequent to collection. 
This work, in conjunction with the analysis of Betzer ef al., 
provides substantial evidence that the appearance of alkalinity 
anomalies, in waters substantially supersaturated with respect 
to calcite? can be attributed to water column dissolution of 
aragonitic pteropods. 
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2 Characterization of the human factor VIII gene 
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The complete 186,000 base-pair (bp) human factor VIII gene has been isolated and consists of 26 exons ranging in size 
rom 69 to 3,106 bp and introns as large as 32.4 kilobases (kb). Nine kb of mRNA and protein-coding DNA has been 
sequenced and the mRNA termini have been mapped. The relationship between internal duplications in factor VIII and 


evolution of the gene is discussed. 














EMOPHILIA has been known for millennia to be a male- 
cific, inherited disease’. Haemophilia A afflicts 10-20 per 
00,000 males; a relatively high proportion due to novel muta- 
ions of the factor VIII gene*’. The high frequency of 
haemophilia A compared with other autosomal clotting dis- 
rders results from the location of this gene on the X chromo- 
ome; one affected gene will thus produce the disease state in 
males. We report here the isolation and characterization of the 
86,000 base pair (bp) region of the human X chromosome 
containing the complete factor VIII gene. A set of overlapping 
yactériophage and cosmid clones was used to map and sequence 
the 26 exons containing the approximately 9,000 bp of coding 
equence. Accompanying articles describe the expression of 
ctive human factor VIII from recombinant DNA clones* and 
resent the detailed characterization of the protein®. Our results 
provide a basis for studies of the molecular defects associated 
with haemophilia. 


Factor VIII genomic clones 
initial factor VIII clones were recovered from a bacteriophage 
genomic library* (‘A4X’) containing DNA derived from an 
individual with. 4X chromosomes (karyotyped 49,XXXXY). 
This library was screened with a unique 36-base oligonucleotide 
probe (°8.3°), synthesized to represent one codon choice of a 
equenced tryptic peptide recovered from purified human factor 
VIH.: These initial clones contained overlapping segments span- 
ning 28 kilobases (kb) of the human X chromosome. We sub- 
quently expanded the set of genomic clones to contain 200 kb 
of the human genome encompassing the entire factor VIII gene. 
Both bacteriophage A and cosmid clones were used in the 

‘ocess of ‘genomic walking’ (see legends to Figs. 1 and 2). 

The restriction endonuclease map of the human factor VIII 
gene:is shown in Fig. 1; the gene map was confirmed by the 
characterization of at least two independent clones for most of 
“the 210-kb region and by numerous. Southern blots of 
:49,KXXXY and normal DNA. No noticeable discrepancies 
between genomic DNA and the map derived from recombinant 
clones were found. In addition, low stringency blot experiments 











have so far detected no closely related factor VIII genes or 
pseudogenes. 


DNA sequence analysis 


The DNA sequence of the entire mRNA coding portion (~9 kb) 
of the factor VIII gene has been determined. Exon-containing 
restriction fragments of genomic clones were identified by 
hybridization to cDNA and sequenced by dideoxy-chain termi- 
nation procedures“. This DNA sequence analysis is distinct from 
that of cDNA clones derived from AL-7 cell RNA (see ref. 4). 
The genomic DNA sequence of exon boundaries (Fig. 3) and 
the promoter and polyadenylation regions (Fig. 4) are reported 
here. We found only two nucleotide differences between the 
genomic and cDNA sequences in the 8,860 nucleotides com- 
pared. Nucleotide 3,780 in cDNA is the G of a glutamic acid 
codon GAG, whereas in the cloned genomic DNA it is C, 
creating the conservative substitution of an aspartic acid residue. 
Nucleotide 8,728 in the 3’ untranslated region is G in cDNA 
and A in genomic DNA. The surprising degree of similarity 
between genomic sequence derived from the 49,XXXXY cell 
DNA and cDNA sequence from AL-7 cell RNA indicates that 
the sequence data and the reverse transcription procless are 
reliable and suggests also a lower level of nucleotide sequence 
polymorphism of this X-linked gene than has been found for 
some autosomal genes, an effect noted for other X chromosome 
loci’. 

The boundaries of exons shown in Fig. 3 were established by 
restriction mapping and DNA sequence comparison of cDNA 
with genomic clones. In cases of nucleotide redundancy at either 
side of an intron, boundaries were chosen to be consistent with 
established consensus splice sites*”. All of the splice donor and 
acceptor sites conform to the GT...AG rule for nucleotides 
immediately flanking exon borders (Fig, 3): Further flanking 
sequences are in general agreement with favoured nucleotide 
frequencies noted in other compendia**. The dinucleotide AG 
never occurs in the pyrimidine-rich region encompassing the 
final 15 nucleotides of introns; exons $ frequently begin with the 
sequence GT. 
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E Fig. 1 Map of human factor VIII gene. The structure of the gene is schematically represented by an open bar; the 26 exons are filled-in 
areas drawn to scale. The direction of transcription is from left to right. The size scale in kb is drawn above the gene; the initiating ATG i 
o positioned at nucleotide 1. Immediately below the gene are the extent of the triplicated ‘A’ domain, the unique ‘B’ domain, and the dupli 
°C? domain. The location of the recognition sites for the 10 restricton enzymes used to map the factor VIII gene are given in the next serie 
ae of lines. Cross-hatched boxes represent the extent of human genomic DNA contained in each A phage and cosmid clone. Other clones which 
ae encompass the same regions are not shown. No genomic clones span the 8.5 kb of intron located between clones A599 and p624. Other EcoRI, 
-< BamHI or. Sstl sites: may. lie in this region. The extent of this gap was determined by probing genomic Southern blots with single cop 
` fragments isolated from the 3’ end of A599 and the 5’ end of p624. The bottom line shows the location of synthetic oligonucleotide or restrictior 
fragment probes used in the genomic cloning, from left to right: the 2 probes used to map the uncloned region, three $’ walk probes, the. 
original synthetic 36-mer probe ‘8.3’; three 3’ walk probes. : 
Methods: A and cosmid libraries were screened with random calf-thymus primed *“P-labelled single copy genomic or cDNA pro s 
Nitrocellulose filters were hybridized overnight at 42°C in 50% formamide, 0.1 g 17" salmon sperm DNA, 5x SSC, 0.05 M sodium phosphate 
(pH 6.8), 5x Denhardt's solution and 10% dextran sulphate”. Filters were washed in 0.2 xSSC, 0.1 g 1” SDS at 60°C for 1h. Library filters. 
were repeatedly rescreened with newly isolated walk probes so that extending clones were easily identified. To map restriction endonucleas 
cleavage sites, DNA from the clones was digested with restriction enzymes singly or in combinations and characterized by gel electrophores 
» {followed by Southern blot hybridization in some cases). DNA fragments generated by EcoRI and BamHI digestion were subcloned int 
pUC plasmid vectors” for further propagation and. analysis. Restriction mapping, DNA sequence analysis and blot hybridizations wit 
~ 8.3 probe determined the orientation of transcription of the gene. The genome walk was initiated by identifying single copy probe fragment 
near the ends of the initial 28 kb region. To find suitable fragments, digests of cloned DNA were blot hybridized with total **P-labelled humai 
INA under conditions where only DNA fragments containing sequences repeated more than about 50 times in the genome will hybridize 
andidate fragments were retested for repeated sequences by hybridization to 50,000 phage from the A/4X library. To begin extension i 
direction, clone 4222 was identified by a triplet of | kb Ndel/ BamHI probe fragments isolated from A120 DNA. In the 3’ direction, 
copy probe fragment of A114 failed to yield extending clones in screens of several A libraries. Based on genomic blotting results, we 
constructed a size selected? Bell library of human 49,XXXXY DNA in the vector A1059"*. 4482 is one of the extending clones so de 
Subsequent overlapping clones (p541, p542, p543, p612, p613 and p624) were derived by screening a recombinant cosmid library containing. 
human DNA (see Fig. 2). The most 5’ genomic clones, A599 and A605 were obtained by screening with cDNA-derived probes. 











Fig. 2 Cosmid vector pGcos4. To facilitate genomic walking, we Bii BamHI Pwl 
developed a new cosmid vector with the following features: (1) It EcoRI l EcoRI 
‘can accommodate 45 kb inserts. (2) It confers resistance to tetracy- 
cline, rather than ampicillin. (3) The 641 bp Aval/ Poull fragment (Anau Pru il) TA cet Et RV 
Of pBR322 has been removed to increase plasmid copy number t 
and to delete sequences interfering with transformation of eukary- 
- otic cells**. (4) A methotrexate-resistant dihydfolate reductase gene Xba) 
< driven by a simian virus 40 (SV40) early promoter has been incor- 
porated for the selection and propagation of clones in eukaryotic Ahaili 
cells’. (5) A synthetic DNA fragment containing a unique BamHI Saci 
site flanked by pairs of Pvul and EcoRI sites has been inserted as 
the cloning site. The flanking EcoRI sites are useful for subcloning 
fragments and the Poul sites allow excision of the entire insert in Soe tl 
most cases, since this enzyme cuts eukaryotic DNA only about 
once per 135,000 bp. Construction: The scale is represented by 
dots within the circle numbered in kb from the zero point. The 
403 base (b) annealed Hincll fragment of 4c1857S7 (Bethesda 
Research Lab) containing the cos site was cloned in pBR322 from 
Aval to Pvull to generate the plasmid pGcos1l. Separately, the 
1,624 b Pvull to Nael fragment of pFR400** containing an SV40 ; 
origin and promoter, a methotrexate-resistant dihydropholate reductase gene, and hepatitis B surface antigen polyadenylation sequences, was 
cloned into the pBR322 Ahalll site to generate the plasmid mp33dhfr. The following three fragments were ligated together to generate the 
cosmid vector pGcos3: 1,497 base (b) SphI-Ndel fragment of pGcosi, 2,163 b NdeI- EcoRV fragment of mp33dhfr and 376 b EcoRV~Sphl. 
agment of pKTI9. pKTI9 i is a derivative of pBR322 in which the BamHI site in the tetracycline resistance gene has been removed (provides 
b y Herb Boyer). pGcos4 was generated by cloning the synthetic 20mer, 5’ AATTCGATCGGATCCGATCG, in the EcoRI of pGcos3. Leftan 
arms of this vector were prepared by cleavage of two aliquots with Sstl or Sall, followed by treatment with alkaline phosphatase, cleavage . 
BamHI and isolation of the large fragments”. 49,.XXXXY DNA isolated from the GM1202A cell line (NIGMS Human Genetit Mutant 
epository, Camden, New Jersey) was partially-cleaved with five-levels of Sau3Al and the 45 kb fragments isolated by sucrose density 
These fragments were ligated to the BamHI arms of S packaged: in vitro and used to infect E. coli HBIO1. ; 
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GRIA = 682 GITATTITAATTGGTAG|GTG | , , TAATGIGTATGTAA 12 2.4 i 
6490s 6574 145  CTAATCTCTCCATACAG GYC . | | AAATAIGTAAGTGC 13 ? 56 Lå acceptor and donor nucleotides Ho con: i 
6575 6723 MË TTVTTCTTTICTTYGAG|GTT . . . CTCAGIGTAAGAGG 15 a p 1.0 sensus splice site sequences’, the distance <. 
: E BCCETCAS| s 
ie SAAR OOOO MEL AETIA TEES TENG TE 1 4 TAMRIGTAABCTO: = i4 Y 18 RA from the splice acceptor site to the nearest 
96 69H © 885E 1959  TATCITTECYCTTICAGIGTY 16 30 upstream AG dinucleotide? and the length 
of the intron immediately following the 
ne 
Aena Frane ange nes numbered exon. b, The % frequency of 
: ; PEE T E iy ate Lg : each nucleotide at the splice site borders 
: wh? T 15 ~14 -19 -12 -11 -10 99-8 0? S, oe 3 ee EE ee E 
i Anai A Sait E ey ERR ye oe R of human factor VIII gene and the con- 
: G 1% 4 16 8 0 2 6 4 4 16 B 4 B 1h 4 D100 72 16 B ax 16 o 8 88100 9 20 9 76 8 24 20 
A 70 16 16 & 12 8 & & 12 16 8 12 12 32 B00 0 24 20 28 32 32 60 sZ 9 0 68 Ba 12 24 48 36 sensus sequence drawn from these data. 
T 8G 56 36 60 68 48 64 56 56 48 56 46 64 32 16 0 0 ü 60 20 32 ls EEECEEEEEE 
C 2h P4 32 24 24 PA 24 32 2B 20 28 36 16 20 7 0 0 4 4 24 16 44 32 4 0 0 0 0 0 12 0 3 
msensus N T F FT tr tT T FT T Y *T FT YT WN C A GB G& T SH N N A A D G@ YT A & B&B FT A OW 
N CS AGG Cr A EG E -F 


Sort 
75 GAGCTCACCATGOCTACATTCTGATGTAAAGAGATATATCCTATACCTGGOCTAAATGTAAACAGCCTGGAAAAGTGTTAGGTTAAARACAAAACAAAAT 


AAATAAATORATRAATGCCAGGTGGYTATGAGTGE TATTGARAAAAATGAAGCTAAGAGGGATATCAGTGATGCAGGTEGGGOTAAAGAGETTACAALCAT 





AGGTGTTTTGGOTARAAGAAATAGCAAGTGTIGAGG TECARGBGCATGAGTGTGCTTGATATTTTAGGGAAGAG TAAGGAGACCAGTATAACCAGAG TGA 





‘ATGAGAGTACAGAGG TCAGGAGAAAGGUCATGCAGACCATGTGGGATGC TC TAGGACE TABGE CATGGTAAAGATGTAGGGTTTTACCE TOATGGAGGT 





RGAAGLEATTOGAGGATTC TGAGARGALGAGTGACAGGAL TCGC TT TATAGT TTT AAMT TA TAACTATAAATTATAGTTT TTAARACAATAGTTGEE TA 
CTCATGTTATATGTAMAACTACAGTT TTAARAAL TATAAATTLCTCATAL TGGC AGCAG TG TGAGGGGL AAGGGC AAAABCAGAGAGAC TAACAGGTT 

e Exot) Adal 
GOTSETTACTCTTGC TAGTOCARGTGAAT TC TAGAATC TTCGACAACATCCAGAAL TIC TCT TGC TRC TECCAL TCABGAAGAGGET TGBAGTAGGC TAG 
_ GARTIGGARCACAARTTAAAGC’ TOOTS TTCACT TTGACT TCTCCATCE CTE TECTEL TT TCOTTAAAGGT IC TGATTAAAGCAGALTTATRCCECTACTS 


$ CECTCAGAAS TGRATGGGTTAAGTTTAGCAGCCICCCTTT TGQ TACTICAGT TE TICCTGTEGC TGCTTCCCAL TGATAAAAAGGAAGCAATCETATCGG 





Ny * a 
TS: TIACTGRTTAG TGC TGAGCAATCUAG TRGB TAAAGT TCCTTAAAATGCTC THCAAAGAAATTGGGACTITICATTARATCAGAAAT TT TACTITTTICCS 





i: aes tacl 
APB CTCOTGGGAGE TAAAGATAT TTTAGAGAAGAATTAACLTTITGCTICTCCAGTIGAALATTTGTAGCAATAAGTE ATG CAA ATA GAG CTC TCC 


wh Banh) 
BAGCAUTTORAGGAAGLATCCAAAGAT TGCAACCCAGBGCAAATGGARAACAGGAGATCCTAATATGAAAGRARAATGGATCCCAATCTGAGAARAGGCA 
AARGAATOGCIACTTITITCYATSS TOGAGTATTTTCTAATAATCC TGCTTGACECTTATCYGAGCCTCTT TGGAAAL TATAACATAGC TGTCACAGTATA, 
GICACAATCCARAAATGATGCAGGTGGAAATGGTTTATAGCCCTGTGAAGYTCTTARAGTT TAGAGGCTAACTTACAGAAATGAATAAGTTGTITTGITT 
Apa tipal 
ROUA TATAGECEGGTAGAGGAGTTAACCECAAAGGTGATATOGTTTTATTTCETATTATGTTTAACTTAATAATCTTATYTIGGCAYTCTTTTCCCATTGACTA 
PEN i * 
AATACATOTCTATT TE CAR TET TCA TOGAAC TAGE TCTTTTATT TICE TAC TGGITTCTICAGTAATGAGT TAAATAAAACATIGACACATACAAACA 
aes Xbat 
BBE ‘AATECETTUGAGAATTOTOT I TTTACAL TGGAAAT AAABA TG IGAACAT TERTT TT TRARACAAA TAGGGRCAL TGAATAGCAAGA TOGACACTCTAGAA 
A AACCAAATT AGTGAGT TAGAAAACCAGATTAAAT TGAACTCAGAGTARAAATGATATAATTCATGAGAGTC TGAATARAATAAATCAGAAATGGAGLCTC 


7 AARTCCAGGAGAACAGCTTATATGGAGAGAGAGAGAL TGAGAGAGAAATGGGAGTTTCTOTTCAATGGGCATAAAGTTTCAGCTATGE TEC TGGGCACAGT 





SGA GUCTCATOCC TETAATCCTOGBCAE TT TGEGAGGCCAAGGCGGGCSGATCACC TGAGG TL AGGAGT TCAAGACCAGCE TAGCCAACATGBCGAARTCCCGT 





ae gmat 
OIGA CGC TAATAAAAATATAAAAATT AGT TGGGUA TER TGGCACATGCL TG TAB TCE CAGC FACT TRGGAGGT TGAGGCALAAGARTCGL TTGRALCOGGG 


Fig..4 Sequence of the 5’ and 3' termini. a, DNA sequence of the genomic 
SstI-(Sact) fragment containing exon 1. The double underline at nucleotide 
sition.+1 denotes the ATG translation initiation codon which precedes the 
gnal peptide and mature factor VHI coding sequences. A single underline 
idicates an ATG triplet located 4’ to this site, which is closely followed by 
štop codons in all three possible reading frames. Closed circle, terminus of 
the 5-most cDNA clone recovered; *, the probable mRNA 5’ start site. The 
_<promoter-like ‘ATA’ box sequence is also underlined. Selected restriction 
‘enzyme sites are indicated. b, DNA sequence of part of the genomic region 
“containing 3’ untranslated (exon 26) and flanking regions. *, Beginning of 
“the poly(A) tail found in cDNA clones’. The polyadenylation signal 
sequence AATAAA™ and the sequence CATTG™ are underlined.. Nucleo- 

; tides are numbered in accordance with the continuous cDNA sequence 

beginning at the initiator ATG*. 














A faTecterTccatar TTAAACCTCATTCARCAGGGAAGAT TGGAGC TGAAATGTGAAGGAGTTGTGGGAGTGGAAC TACGTEGGAMAATCTGGGGGAA , 


The 26 exons of the factor VIII gene range in size from 69 
to 3,106 bp (median size, 164 bp), consistent with published 
distributions of exon sizes for 20 proteins'®. However, two factor 
VIH exons greatly exceed the norm; one may be the largest 
exon yet reported. The largest exon (14) is 3,106 bp and codes 
for all of the relative molecular mass (M,)~ 100,000 region of 
the protein connecting the amino-terminal M, 90,000 and car- ` 
boxy-terminal M, 80,000 fragments’. Proteolytic removal of this 
connecting region may be associated with activation of the 
protein''. The other large exon (26) is 1,958 bp, 1,805 bp of 
which is 3’ untranslated sequence. Introns range in size from 207 
bp to 32.4 kb, There are six large introns, each containing. 
over 14kb of DNA. The complete gene consists of 9 kb exon 
and 177 kb intron. Apparently, there has been no effective selec- 
tive pressure for small introns to reduce the overall size of this 
large gene. 


Characterization of gene termini 


The 5’ end of the factor VIH gene is contained in a 1.2 kb SstI 
fragment whose DNA sequence is shown in Fig. 4a. The ATG 
at position +1 serves as the translation initiation codon and is 
followed in mRNA by a continuous open reading frame coding 
for 2,351 amino acids, comprising the signal peptide and the 
mature factor VIII protein. The genomic DNA sequence exactly 
matches that of the cDNA clone with the greatest 5’ extension 
(to nucleotide position ~109), suggesting that the transcription 
initiation site may be contained: also in the same exon. This- 
1.2 kb SstI genomic fragment directs transcription of factor VHI 
mRNA in transfected mammalian cells (data not shown), 
indicating that the promoter is probably contained in this region. 
We therefore undertook RNAse mapping’”'? experiments to 
determine the mRNA 5’ start site. 

Labelled probe fragments of 185 bp and, to a lesser extent, 
187 bp, are protected from digestion by poly(A)* RNA obtained 
from AL-7 and human liver cells, whereas the probe was not 
protected by RNA obtained from human peripheral blood lym- 
phocyte, HepG2, Alexander cells or mouse T lymphoma cells 
(Fig. 5). The size of the protected fragments implies that the 
factor VIII mRNA from these two. cell sources starts most 
frequently at position ~170 and less frequently at position —172 
(Fig. 4a). The sequence at this location does not contain a splice 
acceptor recognition sequence (although one is located six 
nucleotides Gowustresm), rendering unlikely the possibility that 
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Determination of the 5’ mRNA start site 
by RNAse protection. Autoradiograph of a 6% 
polyacrylamide, 7M urea gel. Lanes | and 2, a 
known DNA sequencing ladder employed as size 
standards; lanes 3-11, results of RNAse protection 
reactions. 

Methods: Cell and tissue RNA was prepared”, The 
5° genomic Sst] fragment was ligated into pSP64 
(a gift of P. Mellon and T. Maniatis) and linearized 
with PvuII. The uniformly labelled *?P-RNA probe 
was synthesized with 400 Ci mmole”! a-[?*P]CTP 
(Amersham) and SP6 RNA polymerase (NEN) fol- 
lowed by DNAse treatment (DPRF, Worthington) 
as described'*'?. Sample RNAs were hybridized 
with 5x 10° ¢.p.m. of probe at 37°C and digested 
with 80 zg ml~! RNAse A and 4 pg mi~' RNAse 
Tl (Worthington) followed by extraction, elec- 
trophoresis and- autoradiography. **P-labelled, 
anti-sense strand RNA probe was prepared by 
ligating the 1.2 kb Sst] genomic fragment contain- 
Xon l and 5’ flanking sequences into pSP64'* 
and transcribing the linearized plasmid with 
SP6 RNA polymerase'*">. This labelled probe was 
hybridized with poly(A)" RNA derived from 
various sources and digested with RNAse A and 
RNAse TI before electrophoresis. Protected RNA 
was derived from: lane 3, AL-7 human hybridoma 
cells’ (10 pg); 4, human liver sample 1 (10 pg); 5, 
human liver sample 2 (10 pg); 6, human Alexander 
cell line (10 yg); 7, human Hep G2 cell line (10 wg); 
8, peripheral blood lymphocyte sample | (3 wg); 
9, peripheral blood lymphocyte sample 2 (3 pg); 
10, mouse T lymphoma cell line $49 (10 ug); I1, no RNA control. An 
identical pair of protected fragments (arrow), measuring 185 and 187 
bases from the Sstl site, appear only in RNA obtained from the two 
human liver samples and the AL-7 hybridoma cells. This positions the 
probable 5’ mRNA start site at ~170 bases 5’ of the initiation ATG as 
shown in Fig. 4. (As RNAses A and TI cannot cleave after an adenosine 
residue and the complementary strand is radiolabelled, no protected 
band was seen corresponding to a terminus at position —171 of the gene 
(Fig. 4), which is a T residue in the genomic sequence.) 
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the protected RNA is bounded by an intron instead of the true 
mRNA 5 start site. 

The RNAse protection experiments also show that liver is a 
site of synthesis of factor VIII. No factor VIH RNA was detected 
in the other tissues of the protection experiment shown in Fig. 
5 nor by Northern blot analysis of RNA from various tissues 
and cell lines*. Liver is only one of several candidates for the 
site of factor VIII production'*”'*, 

Inspection of the genomic sequence of the 5’ flanking region 
(Fig. 4a) revealed the sequence GATAAA beginning 30 bp 5’ 
of the presumed 5' mRNA start site, similar to the canonical 
‘ATA’ or ‘Goldberg- Hogness’ sequence, located about 25-35 bp 
before eukaryotic cap sites and apparently required for precise 
initiation of transcription by RNA polymerase II'”'®, We found 
no convincing candidate for the less frequently conserved ‘CAT’ 
sequence’? in the —70 bp region. 

One additional ATG to nucleotide 5’ to +1 is found in the 
5’ untranslated region at position —131 (Fig. 5). This region 
cannot serve as the translation start site for factor VIII because 
seven stop codons, distributed in all three possible reading 
frames, occur in the 128 nucleotides between this upstream ATG 
and position +1. Although only 5% of the previously compiled 
eukaryotic mRNAs contain an ATG 5’ of the translation initi- 
ation site’, the presence of an upstream ATG does not 
necessarily repress translational initiation at the proper start site 
when it is followed by an in-frame termination codon”. 

The 3’ untranslated region of the factor VIII gene contains 
1,805 nucleotides (counting the TGA stop triplet and terminating 
before ‘the first A of the poly(A) tail; Fig. 4b). The site of 
polyadenylation was inferred from cDNA clones and is pre- 
ceded 19 bases by the common polyadenylation signal 
A? as. well as a second, less conserved recognition 
TT 
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Amino Acids í 

Fig. 6 Homologous factor VITI domains and intron boundari 
a, ‘A’ unit triplication showing the alignment of three amino acid 
sequences. The amino acid numbers precede each line. Arrows 
indicate the location of introns and are flanked by the appropriate 
exon numbers, *, Conserved amino acids. b, ‘C’ unit duplication. 
c, Representation of the A and C repeat units with the location of 
introns indicated by vertical lines. The exons are numbered: | 


Introns and protein domains 


Searches for internal homologies in the factor VIH- DN. 
sequence and the derived amino acid sequence revealed thre 
types of domains: a triplicated ‘A’ unit of 330-380 amino acids 
a unique ‘B’ unit of about 925 amino acids and a duplicate 
unit of about 160 amino acids. The order of the domains in.t 
gene and protein is Al-A2-B-A3~C1-C2 (refs 4, 5; Fig. 1) (not 
that the exons constituting each domain are not clustered). The 
amino acid alignment of the A and.C repeats (Fig. 6) demo 
strates that the A units have ~30% pairwise amino aci 
homology (20% of the residues being conserved in all thre 
domains), whereas the two C units have 37% homology‘? 
If segmental DNA duplication has played a role in the evol 
ution of the large factor VITI gene, one might expect a conserva 
tion of the intron boundaries within the A and C repeats o 
factor VIII. The alignment of most intron boundaries relative 
to the protein coding sequence is well fixed by the high degree 
of homology in the A and C repeats (Fig. 6). For the C duplica: 
tion, intron boundaries occur precisely at the borders of the 
and C2 repeats, as would be expected for a DNA duplication’ 
mechanism where the boundaries fall within the introns. Fur 
thermore, the junction between A3 and C1 also contains an 
intron precisely at the boundary, again as expected foran intr 
joining mechanism. On the other hand, the Al-A2 and A2- A3 
junctions are each contained on one exon (Fig. 6). ee 
Within the A and Ç repeats only some of the intron boundaries 









































conserved. n fact, each of the repeats contains a different 
tof exons. The precise alignment of some intron boun- 
daries within the A and C repeats suggests that these introns 
ere present in-an ancestral precursor of the repeat units and 
duplicated in the course of the event that generated the repeat. 
‘The ‘non-aligned introns appear to have arisen since the duplica- 
tion, either by loss of one member of a duplicated intron or by 
‘the insertion of new introns. after the duplication. In an 
‘analogous situation, a-feto protein and albumin each have a 
triplicated gene structure, but unlike factor VIII, all of the nine 
ntron. boundaries within the repeats for these two genes are 
nserved precisely”, 

Itis- also interesting to speculate as to the origin of domain 
yin factor VII. The 925 amino acids of this domain encompass 
nearly all of the 3.1 kb of exon 14, where the end of the A2 
repeat (at the 5’ end) and the start of the A3 repeat (at the 3’ 
nd) are also found. This suggests that during the course of 
‘evolution a processed gene may have been inserted into a short 
exon that contained the A2-A3 boundary. Insertion of a pro- 
cessed gene (derived from an mRNA) would also account for 
‘the anomalously large size of exon 14. The B domain connects 
the M, 90,000 (made up of Al and A2) and the M, 80,000 (A3, 
“1, C2) fragments of the factor VIII protein. Proteolytic removal 
f the domain is associated with activation of the protein®''; 
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thus exon 14 is related to a physiological unit of the protein. 
Whether any other functional domains or subdomains of factor 
VIH correspond to any of the exons awaits further characteriz- 
ation of the molecule. i 

In conclusion, we report here the complete isolation and 
characterization of the human factor VIH gene. It is the largest. 
gene yet characterized, encompassing nearly 0.1% (186 kb) of 
the human X chromosome. Transcription of such a large gene. 
could take over three hours (based on a transcription rate of 15 
nucleotides per second”®). Probes derived from the factor VII 
gene will allow identification of restriction fragment length: 
polymorphisms which can be used further to localize the gene 
on the X chromosome and lead to improved prenatal diagnosis. 
of haemophilia. We anticipate that the knowledge of the gene 
structure and DNA sequence will be invaluable in the analysis 
of the molecular basis of haemophilia. 

We thank John McGrath who characterized the A222 clone. 
and Philip Hollingshead for laboratory assistance; Edward Tud- 
denham, David Martin, Ingrid Caras and Glenn Nedwin for: 
providing tissue samples; Jeanne Arch and Alane Gray for 
preparation of the manuscript and figures. We thank David 
Goeddel, Christian Simonsen, Laurence Lasky and Dennis 
Kleid for helpful discussions and David Martin and Robert 
Swanson for their support. 


18, Grosschedl, R. & Birnstiel, M. L. Proc. nain, Acad. Sei. U.S.A. 77, 1432-1436 (1980), 

19, Benoist, C. et al Nucleic Acids Res. 8, 127-142 (1986). 

20. Kozak, M. Nucleic Acids Res. & 127-142 (1980), 

21. Liu, C.-C., Simonsen, C. C. & Levinson, A. D. Nature 309, 82-85 (1984), 

22, Proudfoot, N. & Brownlee, G. Nature 252, 359-362 (1981). 

23. Berget, S. M. Nature 309, 179-181 (1984). 

24. Eiferman, F. A. et al Nature 294, 713-718 (1981), 

23, Sargent, T. D. et al Molec. Cell Biol. 1, 871-883 (1981), 

26. Davidson, E. H., Gene Activity in Early Development, 2nd edn 363 (Academic, New 
York, 1976). 

27. Taylor, J. M., Himensee, R. & Summer, S. Biochim, biophys. Acta 442, 324-330 (1976). 

28. Maniatis, T., Fritsch, E. F. & Sambrook, J. Molecular Cloning (Cold Spring Harbor. 
Laboratory, New York, 1982). 

29, Vieira, J. & Messing, J. Gene 19, 259-268 (1982). 

30, Wood, W. 1, Nichol, J. & Felsenfeld, G. J. biol. Chem. 286, 1502-1505 (1981). 

31, Shen, C-K. J. & Maniatis, T. Cell 19, 379-391 (1981). 

32. Lawn, R. M, et al. Nucleic Acids Res. 9, 6103-6114 (1981). 

33, Korn, J. et al Proc. nain. Acad, Sci. U.S.A. TT, 5172-5176 (1980). 

34. Lusky, M. & Botchan, M, Nature 293, 79-81 (1981). 

35. Simonsen, C, C. & Levinson, A. D., Proc, natn, Acad, Sci. U.S.A, 80, 2495-2499 (1983). 

36. Ullrich, A. et al. Science 196, 13993-1315 (1977), 





Expression of active human factor VIII 
from recombinant DNA clones 


William I. Wood, Daniel J. Capon, Christian C. Simonsen, Dan L. Eaton’, 
Jane Gitschier, Bruce Keyt’, Peter H. Seeburg, Douglas H: Smith, 
i Pilip Hollingshead, Karen L. Wion, Eric Delwart, Edward G. D. Tuddenham‘ ` 
Gordon A. Vehar & Richard M. Lawn 


Departments of Molecular Biology and *Protein Biochemistry, Genentech, Inc., 460 Point San Bruno Boulevard, South San Francisco, 
California 94080, USA 
+t Haemophilia Centre, Royal Free Hospital School of Medicine, London WCIN IBP, UK 








NA clones encoding the complete 2,351 amino acid sequence for human factor VIII have been isolated and used to 


roduce biologically active factor VIII in cultured mammalian cells. The recombinant protein corrects the clotting time of 
lasma from haemophiliacs and has many of the biochemical and immunological characteristics of serum-derived factor VIII. 





A: CRITICAL factor in the arrest of bleeding is the activation of 
‘the coagulation cascade, a system consisting of over a dozen 

teracting proteins present in plasma or released from cells!” 
A small stimulus at the beginning of the cascade is catalytically 
amplified at each step such that the final outcome is the rapid 
conversion of the soluble protein fibrinogen into its insoluble 


form, fibrin, which stabilizes the platelet plug. The lack or 
deficiency of any of the proteins involved in the coagulation 
cascade blocks the propagation of the intial. stimulus. In the 
middle of the cascade is. astep wherein factor IXa, in conjunction 
with factor VIH, converts factor X to the activated form, factor 
Xa. Factor VII -acts as a cofactor at this-step, being required. 
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Fig. 1 Detection of the factor VIII gene with probe 8.3, 5’- 
CTTTTCCAGGTCAACGTCGGAGAAATAAGCCCAAGC, a 
36-base long probe synthesized based on the sequence of a 12 
amino acid tryptic fragment of factor VIII, AWAYFSDVDLEK 
(ref. 5). a, Southern blots of 46,XY (1X, male )DNA and 
49,.XXXXY (4X) human DNA (isolated from cell line GM1202A, 
NIGMS Human Genetic Mutant Cell Repository, Camden, New 
Jersey) digested with EcoRI and BamHI were hybridized with °P 
end-labelled 8.3 probe in 6xXSSC, 50mM sodium phosphate 
(pH 6.8), 5x Denhardt's solution, 0.1 g1~' boiled, sonicated sal- 
mon sperm DNA, 20% formamide and 10% dextran sulphate at 
42°C. The three blots were washed in | xSSC, 0.1% SDS at the 
temperature indicated. Lane 1, EcoRI 1X; lane 2, EcoRI 4X; lane 
3, BamHI 1X; lane 4, BamHI 4X; lane M, end-labelled A HindIII 
and ®X174 Haelll digested marker fragments. b, One nitrocel- 
lulose filter from the screen of cloned 4X human DNA hybridized 
with probe 8.3. This library was constructed by partially digesting 
4X DNA with Sau3Al and ligating the 15 kb size fraction into the 
vector A Charon 30 (ref. 42). Arrows, the independent factor VIII 
positive clones. Hybridization and washing for the library screen 
was as described above for the Southern blots with a wash tem- 
perature of 37 °C. 


with calcium ions and phospholipid for the activity of factor 
IXa. The two most common haemophilic disorders are caused 
by the decreased function of either factor VIII (haemophilia A 
or classic haemophilia; 80% of all cases) or factor IXa 
(haemophilia B or Christmas disease). The clinical manifes- 
tation in both types of disorders is the same: a lack of sufficient 
fibrin formation resulting in prolonged bleeding. 

Several decades ago the mean age of death of haemophiliacs 
was less than 20 years; between 1950 and 1970, however, 
research into the factor VIII disorder led to the treatment of 
haemophilia A, first with whole plasma and, later, with plasma 
concentrates. Human plasma is both an inefficient and expensive 
source of this labile protein) which is present at only 100- 
200 ng mi™ (ref. 3). Pharmaceutical products currently available 
are highly impure (<1% factor VIII) and some are produced 
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Table 1 Assays of recombinant factor VIII activity 


Coatest Radioimmune assay 
assay (units ml” ') 
Sample (units mi~') C7F7 Ab C10 Ab 
62.2 supernatant 0.07 0.28 0.34 
62.2 supernatant <0.01 — — 
+C7F7 
62.2 supernatant <0.01 = -= 
+Synbiotic 
Control supernatant <0.01 <0.001 <0.001 
62.2 cell lysate = 0.1 0.1 


Culture supernatant from recombinant factor VIII producing 62.2 
cells, with and without inhibiting monoclonal antibodies, was subjected 
to the chromogenic *Coatest’ or to radioimmune assays. The Coatest 
assay (Helena Labs)was performed by diluting 5 ul of 62.2 supernatant 
with 45 ul 0.05 M Tris, pH 7.3 containing 0.2% bovine serum albumin 
(BSA) and incubating this mixture with or without either 5 yg C7F7 or 
Synbiotic factor VIII monoclonal antibodies. Both these antibodies react 
with the M, 80,000 subunit of plasma-derived factor VIII. After 5 min 
at 24°C, 50 pl of a mixture containing factor IXa, factor X and phos- 
pholipid was added and samples incubated for 5 minutes at 37 °C. 50 pl 
of each of 25 mM CaCl, and S-2222 chromogenic substrate was added 
and after 10 min at 37 °C the reaction stopped by the addition of 50% 
acetic acid. The assay was repeated with control cultures and calibrated 
with normal human plasma. One factor VIII unit is equivalent to the 
amount of factor VIII in | mì normal human plasma. Radioimmune 
assays: The 96 wells of a microtitre dish were coated overnight with 
100 pl 50 mM NaHCO, buffer, pH 9.6, containing 2.5mg1~' of C.C. 
antibody purified by protein A-Sepharose chromatography. The wells 
were washed three times with 200 ul of phosphate-buffered saline (PBS) 
containing 0.05% Tween 20, blocked with 200 ul of PBS containing 
0.1% gelatin and 0.01% merthiolate for 1-2 h, rewashed as before and 
100 ul of sample added and incubated overnight. The wells were washed 
and 100 ul of I'*5 labelled C10 or C7F7 antibody (1,000 c.p.m. p1~') 
added and incubated for 6-8h. The wells were washed again and 
counted. Standard curves were derived from samples of normal plasma. 
Antibodies used in assays and columns were: C.C., a polyclonal antibody 
derived from the plasma of a severely affected haemophiliac”’; C8 and 
C10, neutralizing monoclonals binding to the M, 210,000 and 90,000 
fragments of factor VIII, supplied by A. H. Goodall, Department of 
Immunology, Royal Free Hospital, London*'; C7F7, a neutralizing 
monoclonal binding to the M, 80,000 fragment of factor VIII, derived 
at Genentech by Badora Streck and an 80,000 binding monoclonal 
obtained from Synbiotic Corporation. 


from pooled plasma lots derived from thousands of donors. 
Thus, these products are associated with a variety of serious 
complications caused by protein precipitates as well as the 
possible contamination by adventitious agents such as hepatitis 
virus and the agent responsible for acquired immune deficiency 
syndrome (AIDS). 

Factor VIII is a molecule of relative mass (M,) 300,000 
(ref. 4). In attempts to produce pure homogenous factor VIII, 
we have identified clones containing the factor VIII gene using 
oligonucleotide probes based on the protein sequence data 
reported in an accompanying paper’. We also show that cloned 
full-length factor VIII protein coding sequences assembled into 
a plasmid direct the synthesis of biologically active factor VIII 
when transfected into cultured mammalian cells. 


Isolation of genomic clones 


Two factors contributed to our decision to initially screen recom- 
binant genomic libraries (rather than RNA-derived cDNA 
libraries) for the factor VIII gene. First, the site of synthesis of 
factor VIII is uncertain, although the liver is considered the 
most likely source® '°. Second, the concentration of factor VIII 
in plasma is extremely low (200 ng ml '), about 1/2,000,000 the 
molar concentration of serum albumin. Thus, it was not clear 
that cDNA libraries made from mRNA of a given tissue would 
yield any factor VIII clones. 

Therefore we adopted a strategy of first identifying a genomic 
clone corresponding to a sequenced portion of the factor VIII 
protein. Then several paths could be followed. An exon- 
containing restriction fragment could be used to identify a 











2 cDNA dorat procedure. 4, 25 He poly ay* RNA from the AL-7 cell 


Jne was electrophoresed in a 1% agarose gel containing 6% formaldehyde” 
“transferred to nitrocellulose and hybridized in 5 x SSC, 5 x Denhardt's solution, 
10% dextran sulphate, 50% formamide, 0.1% SDS, 0.1% sodium pyrophos- 

phate, 0i mg ml"! E coli tRNA at 42°C aie with **P-labelled probe 

prepared from the 189 bp Stul/ Hincl genomic clone fragment containing exon 
“16 sequence, Wash conditions were 0.2 x SSC, 0.1% SDS at 42 °C. This RNA was 
- 0,0001-0.001% of the total cytoplasmic poly(A)” RNA i in the AL-7 cell line by 
comparison with control DNA dot-blot hybridizations, b, Factor VIH mRNA; 
open bar, mature protein coding region: hatched area, signal peptide coding 
“region; adjacent lines, untranslated regions of the message. Left, the 5 end of the 
“RNA, Below the mRNA line are the six cDNA clones and the genomic clone 
“containing exon 14 from which the full length factor VIII clone was assembled. 

CDNA synthesis primers 1-4 and oligo(dT) are shown with arrows depicting 
“the direction of synthesis for which they are primed, Primer 1,5’ CAGGTCAA- 

 CATCAGAG; primer 2,5  TATCTGTGTGAGGGTG; primer 3,5 

AACTCTGTTGCTGCAG: primer 4,5 TATTGCTGCAGTGGAG. Probe A, 
189bp Stul/Hincil fragment from exon 16; probe B, 361 bp Sau3Al/ Stul 
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< fragment of pl.t1; probe C, 324 bp Hinfl fragment from exon 14; probe D, 419 bp Pstl/ Hincll from pl .{1. The original 36-mer probe 8.3 is located near the primer 
1 region. Restriction endonuclease sites in the corresponding DNA are indicated by: B, BamHI; E, EcoRI; H, Hpat: K, Kpnl, $, Sach; Sc, Seal; X, Xbal. 
“Methods: the first CDNA clones were isolated by priming cDNA synthesis with primer | from exon 16. From 5 pg AL-7 poly(A)” RNA, approximately 100,000 
E. coli transformants were obtained by introducing the double-stranded cDNA into pBR322 by the oligo(dC:dG) tailing method”. These clones were screened 
“by hybridization to probe A“ and a single clone containing a 447 bp cDNA insert (pI.11)(including the 5° 104 bp of exon 16) was isolated. The remaining sequences 
“of pLH extended 5’, including exon 15 and part of exon 14. Exon 14 had been found earlier by hybridization with an oligonucleotide probe based on protein 


sequence data'® 


. Hybrid selection was used to further enrich for factor VIII specific sequences in AL-7 mRNA. To avoid degradation of the relatively large factor 


“MUI transcripts, single-stranded cDNA was intially synthesized on a preparative scale and subjected to hybrid selection prior to conversion to double-stranded 


“molecules. First-strand synthesis was performed on 200 pg AL-7 poly(A)” 
¿fragment (probe A), denatured and immobilized on DBM-cellulose paper”? 


RNA with primer | and the resulting product was hybridized with an exon 16 DNA 
. After elution, 0.5~1.0 ng of single-stranded material was recovered and used to prepare 


42,000 E. coli transformants. 29 clones were obtained by hybridization to probe B which did not overlap the DNA fragment used for hybrid selection. This 


represents a 240-fold enrichment of desired clones compared with the first CDNA library. DNA sequence shows that the two longest clones (p3.1 


2, p3.48) extended 


‘about 1,500 bp further 5’ than p1.! 1. Primer 3, located near the 5’ end of exon 14, was used to isolate the N-terminal coding sequences for factor VII. Double 
stranded cDNA was prepared and ligated to synthetic complementary EcoRI adaptors, 5’ pCCTTGACCGTAAGACATG and S’'AATTCATGTCTTACGGTCAAGG: 
Upon, annealing, these adaptors have a phosphorylated blunt end which will be covalently joined to the cDNA, as well as a cohesive EcoRI terminus with a 
‘S'-hydroxyl group which cannot self-Hgate, thus avoiding the need for methylation of the cDNA and subsequent EcoRI digestion. Approximately 1.5 10° 

“recombinant phage were obtained from ! pg AL-7 poly(A)” RNA with primer 3 following removal of excess adaptor, insertion into Agt!0.and in vitro packaging Hee 
-Forty-six clones were identified by hybridization with probe C. Several of the clones contained cDNA inserts which extended about 2,700 bp 5’ of primer 3 and 

«the DNA sequence of the two longest clones (A 13.2 and A 13.27) revealed the 5’ terminus of the protein coding region (Fig. 3). (Primer 2 was only used subsequent 
othe cloning and expression described here to obtain cDNA sequence data corresponding to the region of genomic clone A222 containing exon 14.) To isolate 
the coding region for the C-terminus of factor VIII, a cDNA library was prepared from oligo(dT) primed AL-7 RNA. A t6-mer corresponding to the mRNA 

uence found 400 bp upstream of the 3’ end of exon 16 (primer 4) was included in the second strand reaction to increase its specificity. Four of a total 3 x 10° 
Agtio clones hybridized with a fragment from p3.12 (probe D} located 3’ of primer 4. DNA sequence analysis of the longest clone, A 10.44, indicated that the 
cDNA insert began at primer 4 and extended for nearly 1,800 bp 3’, but had not reached the end of the coding region. To identify clones containing the 3’ end 
of the mRNA, the oligo(dT)-primed library was rehybridized with a probe prepared from the insert of 410.44, Twenty-four additional clones were recovered and 
the two longest of these (A10.3 and 410.9) were sequenced. Both clones overlapped à 10.44 as expected and extended an additional 1,900 bp to the poly(A) tail. 


uitable tissue or cell source of factor VIH by RNA blot hybridi- 
ation. The mRNA from this source would be used to generate 
INA clones which could be screened by cloned genomic 
ragments, Concurrently, overlapping genomic clones could be 
ylated encompassing the entire factor VIII gene. Even if a 
jirect mRNA source were not identified, exons from the genomic 
lones could be found and spliced together by simian virus 40 
$V40) recombinant ‘exon expression’ plasmids. In fact, we used 
nformation derived from all three paths. 
A genomic library enriched for the X chromosome was con- 
tructed from DNA isolated from a lymphoblast cell line derived 
man individual with four X chromosomes (karyotyped 
XXXXY). To identify factor VIII clones, a series of oligo- 
nucleotide: probes based on portions of the human factor VHI 
rotein sequence” was prepared by chemical synthesis. The 
igonucleotide probes were of two types: unique long probes 
f 30-100 nucleotides based on codon usage analysis and mix- 
ures of short probes of 14-20 bases specifying all possible 
combinations for each codon choice’ ™. The utility of probe 
8.3 (Fig. 1 legend) was first tested by genomic blot hybridizations 
with normal male (1X) and 49,XXXXY (4X) DNA. Even at 
he highest stringency (1 x SSC, 46 °C), a single EcoRI or BamHI 
‘band was observed which had an intensity ratio of about 1:4 
nthe 1X and 4X lanes, as expected for the X-linked factor VIII 
ene (Fig. 1). 
$ Next, 500,000 phage of the 4X genomic library were screened 
with probe 8.3 and 15 clones representing eight distinct overlap- 
ing recombinants were isolated and characterized (Fig. 1). The 
DNA sequence of the region hybridizing with the 8.3 probe 
included two continuous matches of 14 and 10 base pairs (bp) 
and had an overall homology of 83%. The first 10 of the 12 
amino acid residues of the peptide fragment agreed with those 
deduced from the DNA sequence of the recombinant clones. 
The DNA sequence also predicted a lysine residue preceding 


the peptide, as would be expected for the product of a tryptic 
digest. The final two residues did not match the DNA-predicted 
sequence; the DNA at this junction, however, contained a 
probable RNA splice donor sequence'*'” followed shortly by 
stop codons in all three possible reading frames. 

Inspection of the open reading frame immediately 5’ of the 
probe homology revealed matches with the protein sequence of 
several additional tryptic peptides from the M, 80,000 factor 
VIL fragment’. The identity between highly purified factor VHI 





Fig.3 Sequence of human factor VIII gene, with nucleotides numbered 
at the left of each line. One, the A of the translation initiation codon 
ATG. Negative numbers, 5' untranslated sequence. (mRNA mapping 
experiments suggest that factor VIII mRNA extends ~60 nucleotides 
further 5’ than position -109 shown here'®.) The predicted protein ` 
sequence is shown above the DNA. Numbers above the amino acids 
are $1-19 for the predicted signal peptide, and 1-2,332 for the predicted 
mature protein. ‘Op’, the opal translation stop codon TGA. The 3 
polyadenylation signal AATAAA"® is underlined and eight residues of 
the poly(A) tail (found in clone Aci0.3) are shown. The sequence 
homologous to the synthetic oligonucleotide probe 8.3 is also underlined - 
(nucleotides 5,557-5,592), Selected restriction endonuclease cleavage: 
sites are shown above the appropriate sequence. The entire factor VHE 
sequence was verified after assembly of cDNA and genomic clones in 
an expression plasmid. The complete DNA sequence of the protein 
coding region of the human factor VIII gene was also determined from 
the genomic clones we have described'*, cDNA clones have been iso- 
lated covering all of the sequence shown except for nucleotides 3,042- 
3,216. The cDNA and genomic clones differ at only two positions: 
nucleotide 3,780 (underlined) is C in the genomic clone and G in cDNA 
(changing amino acid 1,241 from Glu to Asp), and nucleotide 8,728 
(underlined) in the 3’ untranslated region is A in the genomic clone 
and G in cDNA. DNA sequence analysis was performed by the dideoxy 
chain termination method using restriction fragments subcloned into 
single-stranded M13 vectors“ 
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Fig. 4 Assembly of full-length factor VIII expression plasmid. 
‘Restriction sites delimiting various DNA fragments that make up 
-pSAT.8cl (initially referred to as pAML3P.8cl) are shown. Not 
call the sites for a particular enzyme are shown. The scale in kb is 
shown on the inside by dots. The factor VHI (FVIII) and dihy- 
dropholate reductase (DHFR) gene coding regions are shown as 
‘well as the tandem SV40 early (E)/adenovirus major late (AML) 
“promoter. Beginning with the Sall near 15 kb and proceeding 
‘clockwise, the various pieces of the plasmid are: Sall to EcoRI, 
p342E* fragment containing the pBR322 origin and ampicillin 
resistance gene and an SV40 early promoter; EcoRI to Sst], linker 
of. pUC13*: Sstl to Xhel, adenovitus-2 (Bethesda Research 
Laboratories) fragment coordinates 15.4 to 26.5*° containing 
he major late promoter; Sall to BamHI, linker of pUC13; 
gilt- to, Clall, short linker with the sequence 5’ 
GATCTCCTAGACACCGCCTCAGCTCTGTAT; Clal to Hindll 
‘short linker from pBR322 with the HindIII site filled in with 
lenow polymerase; Alul to Hpal, assembly of factor VIII 
genomic and cDNA clones from nucleotides -67 to 7,435 contain- 
“ing the entire Open reading frame (nucleotides 2,277 to 3,795 are 
from a genomic clone, see Fig. 2); Hpal to SstIl, pDLRI® fragment 
ntaining a portion of the Hepatitis B surface antigen gene 3’ 
ntranslated region; SstII to Sstl, pFD11* fragment containing 
ie remaining 3' untranslated region of the Hepatitis B surface 
ntigen gene, a second SV40 early promoter and the 5’ half of the 
ihydrofolate reductase gene (the Clal site in this fragment has 
een removed by cutting, fillin ng with Klenow polymerase, and 
‘religating); SstI to Sali pFD11” fragment containing the 3’ half 
{the dihydropholate reductase gene and pBR322 sequences (the 
SstiV site in this fragment has been removed by cutting, trimming 
f with Klenow polymerase and religating). 








rotein sequence and cloned DNA sequences, as well as the 
chromosome location for the cloned DNA, provided strong 
vidence that a portion of the factor VIII gene had been isolated. 
iracterization of the complete gene shows that this initially 
loned region is located in the 3’ half and corresponds to exon 
) (Ref. 16; Figs 2, 3). 


DNA cloning 
ẹ genomic factor VII] sequences thus identified were used 
screen by blot hybridization nearly 80 different epithelial, 
ynnective and haematopoietic tissues and tumour-derived cell 
ines for a source of factor VIII mRNA. RNA from only one 
sil line examined in this fashion, the T-cell hybridoma line 
L-7 (provided by D, Martin), exhibited a hybridizing mRNA 
pecies (Fig. 2a). The size of this mRNA, approximately nine 
lobases (kb), i is sufficient to code for a protein of M, ~ 300,000, 
e reported size of factor VIII*. We have also detected factor 
HI mRNA in samples of human liver; intact factor VIII RNA, 
owever, was obtained more readily from cultured AL-7 cells. 
actor VITI RNA from both sources share the same 5’ cap site’®. 
A series of overlapping clones extending 5’ from the exon 16 
ybridizing region: was isolated from specifically primed cDNA 
ones derived from AL-7 cell RNA (see Fig. 2 legend). We 
identified factor VIII cDNA clones (Fig. 2) in low abundance 
(about l in 100,000) by two routes: ABRB22 cloning, using 
hybrid selection for the enrichment of sequences, and A gtl0 
cloning (when hybrid enrichment could be dispensed with). The 
characterization of a 3,106 bp exon from genomic cloning“ 
allowed us to jump forward, using a cDNA primer based on 
the sequence of the 5’ part of this exon. The DNA sequence of 





the clone A 13. 2 indicated that the N-terminal coding region of — 
factor VIII had been isolated. 

The first 109 bases contain translational termination codons 
in all three reading frames, followed by an ATG initiation triplet 
then an open reading frame in the set of overlapping clones 
extending for 5,586 bp to the 3’ end of exon 16 (Fig. 3). The 
deduced protein sequence reveals a 19 amino acid stretch begin- 
ning at the initiator methionine typical of a secreted protein 
leader sequence". The salient features of the factor VIII pre- 
sequence are two charged residues bordering a core of 10 hydro- 
phobic amino acid residues (Fig. 3). The leader sequence is 
followed by a region virtually identical to the 25 amino acid 
N-terminal sequence determined for the M, 210,000 and 95,000 
fragments of purified factor VHI. 

cDNA clones containing the 3’ end of the factor VIII gene 
and overlapping existing clones were isolated by oligo(dT) 
priming of RNA followed by specifically primed second strand 
synthesis and cloning in Agt10 (Fig. 2). We obtained two clones 
containing the stop codon followed by an 1,805 bp 3‘ untrans- 
lated region with the polyadenylation signal AATAAA'® and 
different lengths of poly(A) tail at the same location, The com- 
plete set of overlapping clones was sequenced and ultimately 
reassembled to express factor VIII protein from recombinant 
DNA clones. 


cDNA sequence 


The complete factor VIII sequence (Fig. 3) predicts a polypep- 
tide of 2,351 amino. acids including a 19 amino acid signal 
peptide. The mature protein contains 2,332 amino acids of 
calculated M,~ 265,000. Considering potential glycosylation, 
this approximates to the reported M, 330,000 native protein 
determined by SDS polyacrylamide gel electrophoresis*. The 
DNA derived amino acid sequence (Fig. 3), in combination 
with direct protein. sequence analysis, not only confirms the 
presence of a very large single-chain form of the protein, but 
reveals the organization and identity of the plasma derived and 
thrombin cleaved fragments observed for the protein®*'°?', 

A computer-aided search for internal homologies in the factor 
VHI sequence reveals three types of domains. These consist of 
a triplicated region of 330-380 amino acids (A domains; posi- 
tions 1-329, 330-711 and 1,649-2,019); a unique B domain of 
about 925 amino acids (712~1,648) and a duplicated region of 
about 160 amino acids (C domain; 2,020-2,172 and 2,173- 
2,332) (refs 5, 16). The regions are arranged Al-A2-B-A3-Cl- 
C2. The A units have ~30% pairwise amino acid homology 
overall and the two C units 37%. Both the A and C repeats 
show considerable conservation of cysteine residues, indicating 
that structural similarity has been maintained within the 
repeated domains’. Most of the potential asparagine-linked 
glycosylation sites predicted by the sequence (19 of 25) are 
located in the B region. 

The factor VIII protein sequence has remarkable homology 
with the Sequence of ceruloplasmin, a copper containing plasma 
protein”. Ceruloplasmin consists of three successive repeats of 
350 amino acids having a pairwise homology of ~40% (ref. 23) 
and shares ~30% homology with the triplicated A domains of 
factor VIII. Cysteine residues are found in the same relative 
location on the ceruloplasmin repeat unit as in the A regions 
of factor VIII, further affirming the relation of these proteins 
(see ref. 5, for further discussion). 


Sequence expression 


To demonstrate that the DNA sequences isolated encode factor 
VIH, the complete 7 kb protein-coding sequence was assembled 
from portions of the overlapping cDNA and genomic clones 
shown in Fig. 2, and inserted into a plasmid capable of transcrib- 
ing heterologous sequences upon transfection into mammalian 
cell cultures. The structure of this expression plasmid, pSAT.8cl, 
is shown in Fig. 4. Factor VIII sequences were placed between 
a tandem SV40 early promoter/ adenovirus-2 major late pro- 
moter and the sat B virus surface antigen gene polyadeny- 
lation seperc: In addition, the: plasmid o contains a a 
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S © Fig. 5 Immunoaffinity chromatography of recombinant factor 
oO MEL a, Chromatography on C7F7-Sepharose; b, chromatography 
: ooon von Willebrand factor-Sepharose. 








containing 400 units of factor VIII was first adsorbed onto DEAE- 
pharose (Pharmacia). The gel was washed subsequently with 
5 M imidazole pH 6.9 containing 0.15M NaCl, 0.01 M CaCl, 
‘and 0.02 M glycine ethyl ester; factor VIII was. eluted with the 
same buffer. containing 0.1 MCaCl,. Material obtained from- 
DEAE-sepharose was then passed through a factor VIII mono- 
. ¢lonal antibody column. The column was prepared by covalently 

. linking 2mg factor VIII monoclonal antibody C7F7 to 1ml of 

© Affi-gel 10 (Bio-Rad). After loading, the column was washed 
sequentially with 20 volumes of 0.02 M imidazole pH 6.4 contain- 

ing 0.15 M NaCl and 0.01 M CaCl, and 10 volumes of the same 
buffer containing 0.5 M NaCl. Factor VII activity was eluted with 
0.02 M imidazole pH 6.4 containing 1M KI and. 20% ethylene 
glycol and measured by the Coatest assay (Table 1). This figure 
depicts chromatography performed with the monoclonal antibody 
C7F7, known to react with the M, 80,000 plasma-derived factor 
VIII protein fragment. Comparable results were obtained with a 
--s-eolumn using the C8 monoclonal antibody which binds to the 
<M, 210,000 and 90,000 fragments of factor VIII. The table inset of 
a shows the neutralization of coagulant activity by. factor VIII 
"antibodies. Partially purified recombinant factor VIII was dialysed 
into 0.05 M Tris pH 7.4 containing 0.15 M NaCl, then diluted with 

the same buffer containing 0.2% BSA. 50 al aliquots of this sample 
were preincubated alone, with human factor VIII monoclonal 
antibodies (5 pg of either C7F7 or a human factor VIT monoclonal 
purchased from Synbiotics, Inc.), or with $ wl of serum derived 
from a patient with a high factor VIII antibody titre? (C.C.) for 

5 min at 24°C. Factor Vill activity was then determined by coagula- 

tion assay. Briefly, $0! platelin (General Diagnostics) was incu- 
bated with 50 pl factor VIII deficient plasma for 8 min at 37 °C. 
501 sample was then added and after 30s at 37°C, 50 pl 

25 mM CaCl, was added and the clotting time measured. Super- 
natant from 62.2 cell cultures containing ~2 units of factor VII 
activity was passed through a von Willebrand factor-sepharose 
column at 30 mlh~!. The von Willebrand factor used here was 
‘purified as described previously". von Willebrand factor- 
sépharose was prepared by covalently linking the protein to Affi-gel 










olumes: 0.05M imidazole pH6.9 containing 0.15 M NaCl, 
.01 M CaCl, and 0.02 M glycine ethyl ester. Factor VIII activity 


fractions assayed with the Coatest assay. 


“Methods: Serum free culture media of transformed cell line 62.2 


(img mi gel). After loading the column, it was washed with _ 


‘as eluted with the same buffer containing 0.25M CaCl, and fold increase in factor VIH cross-reacting activity in 62.2 © 


voyer that found in control cells (Table 1). n 
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Fig. 6 Effect of thrombin and protein C on factor VIH ac 
a, Recombinant factor VIII obtained from immuno 
chromatography was dialysed into 0.05 M Tris pH 7.4 buffe 
taining 0.15MNaCl and diluted to a concentration 
0.1 units mi~' with the same buffer containing 0.2% BS. 
buffer). Aliquots of this sample were then incubated eit 
thrombin at 0.01 units ml“! (closed circles) or without t 
(open circles) for the times shown at 37°C. At the giv 
points, factor VIII activity was determined by the coagulation as 
described in Fig. 5 legend. Thrombin at the concentration use 
here did not decrease background clotting times of samples ir 
which factor VIII was omitted. b, Recombinant factor. VIII was 
diluted into TBS buffer to a concentration of 0.2 units mI7’. 5 pl 
rabbit brain cephalin (Sigma) and CaCl, to 5mM were added 
50 wl aliquots of this sample. Subsequently these samples wer 
incubated with activated protein C (provided by Walter Kisiel, 
University of Washington) at 0.4 mg ml™' (closed circles). or wi 
no addition (open circles) for the times shown at 37 °C. Residu 

activity was then determined as described above. 


dihydrofolate reductase cDNA transcribed by an SV40 
promoter to provide.a selectable marker when. express 
mammalian cells”. The plasmid was introduced into a | 
kidney cell line by the. calcium-phosphate coprecip’ 
method?**; we chose one clone, 62.2, for further study. 
To characterize the expression of factor VIII in the 62.2 cell 
line, RNA was extracted from cells and analysed by 
blot hybridization. A predominant 9 kb RNA from 62.2 c 
but not from untransfected control cells, was found to hyb 
ize both with a probe specific for factor VIII and with o 
containing hepatitis B surface antigen 3’ sequences (data 1 
shown). The intensity of the hybridizing signal with 62.2 R 
was 200 times greater than that observed with RNA prepar: 
from the AL-7 cell line. Radioimmune assays for factor V 
were also performed on the 62.2 supernatant and cell lysa 
(Table 1). Monoclonal antibodies directed against the 
terminal M, 210,000 fragment (C10) or the C-terminal M, 80,01 
fragment (C7F7) of serum-derived factor VIII detected a 3 












Biochemical properties 
The activation of natural factor X by factor IXa is dependent 
on factor VITI, which is the basis of the ‘Coatest’ assay we have 
ed to estimate factor VIII in cell supernatants; we find sig- 
ificant activity in 62.2 supernatants but not in those from control 
cells not transfected (Table 1). Supernatant from 62.2 cells alone 
did not catalyse the cleavage of the chromogenic substrate. In 
addition, incubation of 62.2 cell supernatants with either of two 
monoclonal antibodies directed against the M, 80,000 fragment 
of factor VIII (C7F7 and Synbiotic) completely neutralized the 
observed activity (Table 1). 
- To characterize further the factor VIII secreted by 62.2 cells, 
partially purified protein was tested for the ability to reduce the 
clotting time of plasma from patients with haemophilia A. Pro- 
tein from 62.2 cell supernatants was affinity purified on a mono- 
clonal antibody column under the same conditions used factor 
VILL isolated from human plasma (Fig. 5a). Diluted protein 
mples from the immunoaffinity column reduced the clotting 
me of plasma from a haemophilia A patient from 120s to 65s 
quivalent to the clotting time for a 1:10 dilution of normal 
plasma). This activity was neutralized by the C7F7 and Synbiotic 
‘onocional antibodies directed against the M, 80,000 fragment 
‘factor VIII as well as by the patient-derived polyclonal 
tibody, C.C. (Fig. 5a). 
Factor VIII circulates in plasma as a complex with the von 
Willebrand protein’’?*. Factor VIII/von Willebrand protein 
iplexes are dissociated by high ionic strength or by calcium 
chloride containing buffers”? ; factor VIII derived from plasma 
can be bound to von Willebrand factor-Sepharose and eluted 
with CaCl,°*. Recombinant factor VIII bound quantitatively to 
ch an affinity column and could be completely eluted from 
e column with CaCl,, like plasma-derived factor VIII (Fig. 56). 
ie. coagulant activity of plasma-derived factor VIII is 
sed markedly by incubation with small amounts of the 
ne protease thrombin****. Thrombin activation probably 
s from the cleavage of specific peptide bonds in factor 
Il’.After activation, continued incubation with thrombin 
ids to further degradation of the protein with a concomitant 
of coagulant activity. Recombinant factor VIII is affected 
thrombin. in a similar manner. The coagulation activity of 
affinity purified protein from 62.2 cells was stimulated 
tially more than 40-fold by thrombin treatment (Fig. 6a). 
ter longer incubation with thrombin, the activity substantially 
creased (Fig. 6a). Plasma-derived factor VIII has also been 
wn to be inactivated by activated protein C**°’, a vitamin 
dependent serine protease found in plasma, possibly func- 
toning as a physiological regulator of coagulation. Incubation 
the affinity purified 62.2 factor VIII with activated protein C 
sulted in the rapid loss of coagulation activity, as expected 
onclusions 
We have demonstrated by several criteria that the DNA 
equences’ isolated here encode human factor VIII. Thus, 
enomic blots of male and 4X DNA hybridize with the 1:4 
io expected for an X-linked gene. Moreover, the amino acid 
equence derived from factor VIII preparations and the primary 
cture of the protein predicted by the cloned sequence are 
essentially identical’. Indeed, purified factor VIII preparations 
m plasma usually consist of a set of fragments between M, 
000 and 210,000 with very similar tryptic peptide maps and 
nother, with M, of 80,000, with a distinct map. Comparison 
tryptic peptide sequences obtained from both classes of 
lasma-derived polypeptides’ with the DNA sequence of the 
loned gene demonstrates that the M, 210,000 and 80,000 poly- 
ptides represent the N-terminal and C-terminal portions, 
spectively, of a single 2,332 amino acid mature polypeptide 
ene product. This protein presumably corresponds to the non- 
educible. M, 330,000 species observed in purified factor VIII 
parations’. The discrepancy between the molecular mass of 
ingle-chain. plasma-derived factor VIII and that calculated for 
the cloned protein may be accounted for by the 25 potential 




















asparagine-linked glycosylation sites predicted by the latter. The 











peak of factor VIII activity found upon thrombin incubation 
correlates with the enhanced presence of the M, 90,000 and a 
70,000 fragment”'. We have demonstrated that the 90,000 frag- 
ment corresponds to the amino terminal portion of the full- 
length molecule, that it derives from carboxy-terminal cleavage 
of the 210,000 fragment and that it contains the Al and A2 
repeated domains. The 70,000 species derives from the carboxy- 
terminus of the molecule following cleavage of the 80,000 frag- 
ment, including the A3, C1 and C2 domains’. Thus, removal of 
the unique B domain which connects the 90,000 and 80,000 
fragments is associated with activation of the protein. 

The recombinant factor VIII from the supernantants of cells 
transfected with the reconstructed gene corrects the coagulation 
defect of factor VIII-deficient plasma. A more stringent test of 
the recombinant protein was provided by the ‘Coatest’ assay, 
which measures the ability of factor VIII to accelerate the rate 
at which factor IXa proteolytically activates factor X in part of 
the intrinsic pathway of blood coagulation. The ability of several 
antibodies directed against factor VIII to neutralize these 
activities rules out the possibility that the cloned protein corre- 
sponds to other factors, such as the tissue factor/factor VII 
complex of the extrinsic coagulation pathway, also known to 
activate factor X. 

It is anticipated that the availability of recombinant factor 
VIII from serum-free cell supernantants will further aid the 
study of structural modifications made on factor VIII by other 
components of the coagulation cascade. Such studies will be 
facilitated by the opportunity to create alterations in the struc- 
ture, processing and activity of factor VIII by in vitro 
mutagenesis and heterologous expression of the cloned DNA 
sequences, Moreover, it is hoped that recombinant factor VHI 
will provide a safer and more plentiful therapy for individuals 
afflicted with haemophilia A. 
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“The deduced amino acid sequence of human factor VIII, obtained from the DNA sequence, predicts a mature polypeptid 

of 2,332 amino acids containing a triplicated domain structure. The polypeptide has 35% sequence homology with the 
copper-binding plasma protein, ceruloplasmin. Determination of the thrombin cleavage sites in plasma-derived factor VL 
‘polypeptides allows prediction of the domains involved in the associated activation and inactivation of the protein 












PREPARATIONS of factor VIH/von Willebrand factor com- 
plex'"'? contain four closely related properties or activities: 
factor VIII coagulant activity, an antigen associated with the 
factor VIII coagulant activity, platelet adhesion promoting 
activity and an antigen precipitated by antisera raised against 
“purified complex (factor VIII-related protein). Factor VIN 
rated from the complex has associated trace amounts of 
protein, is unstable and consists of multiple polypeptide 
-chains Y, hindering detailed characterization studies. 
: The purification of human factor VIII by affinity to a mono- 
‘clonal antibody directed against the coagulant activity of factor 
VIII", has allowed characterization of the protein fragments of 
factor VIII or thrombin-activated factor VIII by partial amino 
‘acid sequence analysis. This sequence information has been 
“used to isolate cDNA and genomic clones encoding human 
factor VIIL ™?””, The protein sequence deduced from these clones, 
together with an analysis of the cleavage products associated 
with the activation of factor VIII by thrombin, allows the assign- 
ment of thrombin cleavage sites and the identification of most 
of the polypeptide fragments present in highly purified factor 
VIII preparations. The factor VIII sequence exhibits striking 
homology with the plasma copper-binding protein ceruloplas- 
min, suggesting novel biochemical activities for factor VIII as 
“wwell-as a role for metal ions other than calcium in. the blood 
coagulation cascade. 


Analysis of plasma factor VIII 


Preparations of human factor VILI? purified over 300,000-fold 
from plasma contained several proteins of relative molecular 
mass (M,) 210,000-80,000 (Fig. 1A). These protein bands were 
not connected by disulphide links because samples analysed 
under non-reducing conditions gave a similar pattern (data not 
shown). To determine the relationship of these multiple polypep- 
tide chains, we analysed them by tryptic peptide mapping. The 
preparation used in Fig. 1B contained a protein of M, 240,000, 
producing a peptide map which did not show identity with the 
other proteins of the mixture (Fig. |B, a), and has been found 
to be a von Willebrand factor subunit (data not shown). Peptides 
f M, 90,000-210,000 all had a common tryptic map, indicating 
that they are derived from the same or closely related polypep- 
de chains (Fig. 1B, b-f). Furthermore, Western blot analysis 
he factor VII preparations . demonstrated that a factor VIH- 
fi nonoclonal antibody" reacted with the M, 90, 000- 































































210,000 polypeptides (data not shown). Two very similar pä 
terns generated by the proteins of M, 80,000 and 70,000- h 
different peptide map (Fig. 1B, g, h). These results demonstra 
that the fragments of M, 90,000-210,000 are structurally rele 
and could be pooled and treated as one polypeptide ch 
protein represented by the band of M, 80,000 (and 70,000 whe 
present) was analysed separately. 
The purified factor VIII preparations were fraction ed 
gel filtation on a TSK 4000SW HPLC column; analysis of 
resulting fractions demonstrated the effective separation 
M, 240,000 protein, the polypeptides of M, 90,000-210,000 
the M, 80,000 fragment (Fig. 2B). We performed amino ac 
sequence analysis on peptides generated from the M, 80,00 
protein, the polypeptide pool of M, 90,000-210,000 and a fra; 
ment of M,90,000 from limited thrombin digestion of 
M, 90,000-210,000 pool. After digestion of each sampl with 
trypsin, the resulting peptides were separated by reve 
phase HPLC and sequenced. The peptide .seque 
AWAYFSDVDLEK, used to prepare synthetic DNA pr 
identifying factor VIII genomic DNA clones, is indicate: 
Fig. 2C. 


Structure of factor VIII protein 


The molecular cloning of the entire factor VII coding re 
is described in an accompanying paper". The 2,351-amino. 
sequence for factor VIII, deduced from the nucleotide sequ. 
of these clones, is shown in Fig. 3. The first 19 amino acid o 
the sequence comprise the signal sequence for factor VIL, bases 
on peptide sequence analysis of a fragment derived from the 
M, 90,000-210,000 polypeptide pool. The N-terminal sequence 
of this M, 30,000 fragment, obtained as a thrombin digest p 
uct of the M, 90,000-210,000 pool, is identical to the first. 12 
amino acids which follow the predicted factor VIII leader 
sequence (see Fig. 5). This. presequence exhibits a core of 1 
hydrophobic amino acids flanked by two charged residues, 
structure which conforms to that observed for the leader seque 
ces found in most secreted proteins*'. The mature protein co 
tains 2,332 amino acids (calculated M, 264,763). 

The availability of the complete factor VIII sequence. reveals . 
the organization and identity of the tryptic peptides. obtained | 
from the pools of separated plasma-derived factor VIL frag 
ments. Essentially all tryptic peptide sequences determined from 
the M, 90,000-210,000 protein pools are located in the amino- 












Fig- 1 A, Purified human factor VIH analysed by SDS-polyacry- 
lamide gel electrophoresis. B, Two-dimensional tryptic mapping 
of factor VIL polypeptide chains. The resulting tryptic patterns of 
‘proteins of M,: a, 240,000; b, 210,000; c, 170,000; d, 150,000; e, 
120,000; £ 100,000; g, 80,000; and h, 70,000 are shown. 
Methods: The purified protein’? was reduced and analysed in a 
15-10% polyacrylamide gradient gel in the presence of SDS by the 
procedure of Laemmli”. The molecular weights of the protein 
tandards are shown (myosin, 8-galactosidase, phosphorylase B, 
“bovine serum albumin and ovalbumin). The bands were detected 
‘using the silver stain procedure of Morrissey". lpg of a factor 
VHE preparation was denatured in 1% SDS and labelled with 
300 pCi '**I for 15 min using the iodobead procedure”, Labelled 
lypeptides. were located on dried SDS-polyacrylamide gels by 
autoradiography and digested by incubation of gel slices with 10 pg 
psin in 0.1 M ammonium bicarbonate buffer for 6h at 37°C. 
er repeated lyophilizations, peptides were dissolved in 8.8% 
rmic acid and a portion was subjected to thin-layer elec- 
phoresis in the same buffer (400 V for 45 min) on pre-coated 
C-cellulose platers (E. Merck, Darmstadt, FRG). For the second 
‘dimension, peptides were separated by ascending chromatography 
in n-butanol/pyridine/glacial acetic acid/water, 75:50:15:60 
: (v/v). The plates were then subjected to autoradiography, 

























nal half of the molecule, whereas those sequences obtained 
ir the M, 80,000 fragment are found at the carboxy-terminus 
he factor VIII sequence (unpublished results). The most 
carboxy-terminal tryptic peptides identified for the M, 90,000- 
210,000 pool gave the sequences GEFT and —QEE, beginning 
ositions 1,155 and 1,194, respectively. This shows that the 
210,000 fragment consists of a protein of M, = 135,000 con- 
g 14 potential asparagine-linked glycosylation sites. The 
location of the M, 80,000 fragment of factor VIII is delineated 
y two peptide sequences which define a stretch of ~680 amino 
ids. The first of these was obtained from the amino-terminal 
uence of the M, 80,000 fragment beginning at position 1,649 
Fig. 5), whereas the second corresponds to a tryptic peptide, 
VLGCEAQDL, 12 amino acids from the C-terminus predic- 
ted by the DNA sequence. Thus, there is no significant removal 
C-terminal sequences from the plasma-derived molecule. The 
ure to recover tryptic peptide sequences from the region 
between position 1,200 and the M, 80,000 fragment is probably 
due to the relatively low concentration of the M, 210,000 species 
in the M,90,000-210,000 fragment pool. This position should 
therefore be considered the minimal C-terminal extent of the 
M, 210,000 protein. 
-Computer-aided analysis of the factor VIII protein sequence 
aled two types of internal homology: the first consists of a 
triplicated segment (A domain) found at positions 1-329, 380- 
and 1,649-2,019 of the mature polypeptide (Fig. 4); the 
second and third domains of the triplication are separated by a 
region of 983 amino acids (B domain) extremely rich in potential 
_ asparagine-linked glycosylation sites. In addition, an unrelated 
_ duplication of 150 amino acids is found at the C-terminus of the 
“molecule (C. domain). The A domains have ~30% amine acid 
homology, whereas the C domains are ~40% homologous. Most 
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Fig. 2 Purification of factor VIII polypeptides. A, Fractionation 
of proteins by TSK 4000 HPLC. B, SDS-polyacrylamide gel analy- 
sis of fractions from TSK 4000 chromatography. C, Reverse-phase 
HPLC separation of tryptic peptides of M, 80,000 protein. 
Methods: A, Human factor VIII preparations'® were dialysed into 
1% ammonium bicarbonate containing 0.1% SDS. The samples 
were lyophilized and stored at —20°C until use. The samples were 
reconstituted in distilled water and applied to a TSK 4000 SW 
column (0.75%50em; Alltech Associates, Deerfield, Illinois) 
equilibrated with 0.1 M sodium phosphate buffer, pH 7.0, contain- 
ing 0.1% SDS. Samples of ~0.15-0.25 ml were injected and the 
column developed isocratically at a flow rate of 0.5 mi min™'. 
Absorbance was monitored at either 206 nm or 280 nm and frac- 
tions (0.2 ml) collected. Fractions across the profile were reduced 
and analysed by SDS-polyacrylamide gel electrophoresis as 
described in Fig. 1 legend. The protein of M,80,000 was pooled 
for tryptic digestion as shown in A. C, The TSK 4000 SW purified 
protein of M, 80,000 (0.8 nM) was dialysed under a nitrogen atmos- 
phere overnight against 0.36 M Tris-HCl, pH 8.6, containing 8 M 
urea, 3.3mM EDTA and 10mM dithiothreitol, DTT (final vol. 
1.5 ml). The protein was alkylated by adding 15 pl of 5 M iodoacetic 
acid (dissolved in 1 M NaOH). The reaction was allowed to pro- 
ceed for 35 min at room temperature in the dark and was quenched 
by adding DTT to a final concentration of 100 mM. The protein 
solution was dialysed against 8 M urea in 0.1 M ammonium bicar- 
bonate for 4h. The urea dialysis solution was changed over a 
period of 24 h to gradually reduce the urea concentration to a inal 
level of 0.5 M. Trypsin was added at a weight ratio of 1:50 at 37°C 
for 12h. HPLC separation of the resulting tryptic peptides was 
performed on a high-resolution Synchropak RP-P C-18 column 
(0.46 x25 cm; 104). The column was developed with a gradient 
of acetonitrile (1-70% in 200 min) in 0.1% trifluoroacetic acid. 
Absorbance was monitored at.210 nm and 280 nm. Each peak was 
collected and stored at 4°C. until subjected to sequence analysis in 
a Beckman spinning cup sequencer with ‘on-line phenylthiohydan- 
toin amino acid identification”. The arrow identifies the peptide 
(AWAYFSDVDLEK) resulting in ieniipeaticn of a factor VIII 
genomie clone!” 
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CONSENSUS HeaGe-¥-K+-EGA-¥-D-T------DDKV-PG-- onE=-Po==De=C-T--¥-SH-D--KD--SGL IG-L-~ 
Facter VIII AVF DE GK SWHSE TENSI. g RASARANPERAT VNGYUNRSL PL IGCHARSVYWHV abet rpevus e Ceure ven aoaea 
CERULOPLASMIN 201 fro sss eng eee oan et BP 
CONSENSUS B“V-DE~~SW--E oe enn ene Di De een nena VNGY+=-SUPGL=-C=--"V=We=-GMG----VH--Fe=G-=----NeRoaeanne Be: 
Factor VIII TFLTAQTLEMOLGOFLLECHISSHOND! poř AyvevnscF Epot RMKNEE AEDYDOD TSEMOVVRFDDORSPSFOTRSVAKK 
CERULOPLASMIN 30L TLFDAVAVRGHBGEWACSCGNL i KAQLoAFOVOEC NESSSRD~=#- nee nen neem een enamennsn rman m NIRGK 
CONSENSUS Tet Arwen een Gen~ LaCnn elem Gae, Ann--V-~ Cm mm at se mi th mo mm mt mw i p, ube 
420 450 460 : 
Factor VIII DWDYAPL VL APDDRSYKSGYLN------- NGPOR I GREYKKVREMAYTDET IPTRE ATOE -s61 GR veep LIEKMDASHPYN PHG 
CERULOPLASMIN 363 THRYAPSCIDIFKENLTAPGSOSAVEFEGTTR R IGESYKKLVYREYTDASE TNRKERGPEEEHL 6 IL GPV THAEVGDT NKGAYP G 
CONSENSUS — —  WeYAPeeeevereneemnnneremeante Genl RIG=-YKK--=-= YTD Ra Ee Aeg iy Sabena a ia a ‘ 
Factor VIII DVRP----1 YoR--RLPKOVKH LAPP poe Lee TYE KWT vivence spegct TRY vese MRD Pi cyKesyh wormspi 
E ; 
CERULOPLASMIN 463. FNKNNEGTYYŠPNYNPOSRSVPPSÁSHVAP TE TET YEWTVPKEVGPTN ADPVCLAKMYYSAVDPTED PRK TEKKGSL iR T E~ mut 
CONSENSUS watts YWSon cern awr ewe nme nan PaE Fe YWTV "EGP T << DP CL oo Yo Neee e ik TCR Sere Ga Ge ee 
Fi 3 H I f human f. Factor VIL F-SVEREN Sw TERT aRELPNBAGYOLEDPEF OREN HGYHED SLOL SVELHEVAYHY TE $1 GROTDFL SVEE SGYTFKREMVYEDTLTE 
o Big.3 Homology of human factor PA Oop Asmin 562 FPIVEDENESLLLEDNIRMET TAPDOVOKED EDEQESMCM:SANGFRYGNGPGL TMCKGDSVVMYLFSAGNEAD HIVE SENT VUMRGERROTARL PO 
VE with human ceruloplasmin. Consensus Fa-VEDEN-S--L--N]--F<--P=-W--ED--FQ-SN-MHS-NG =~ ena E =~ Cr anne WY=-§-G~-- =o =--F 86+ Teme eee en TLE 
The deduced factor VHI amino = a a pee 
as A 710 770 
acid sequence derived from cDNA faeron viji SGETVERSMENPGLWIL E hasp RNA GATA. evek PenteDYvEBSYED ISAY LSKNNA IEPRSF SONGRHPSTROKOFNATY I PENDTEK TEPME: 
“and genomic. clones'™?® is com- CERULOPLASMI N 662 TSLTLHMMPDTEGTFNVECL TTDHY TGGNKOK YT VNOCRROSEDST (707) 
pared with that of human cerulo- 
plasmin”. Theconsensustineshows y, AHRTPMBE  ONVSSSDLLALLROSPTPRELSL SDL OEAKYETFSDBPSPGAIDSNNST SEMTHERPGL AHSGDMVFTBE EED, orrat 
residues which are identical in the "^1" i LLMLLROSPTPHGL SL SDL SDDPSPGA I DSNNSL SEMTHFRPGL HHSGOMVF TPESGLOLRLNEKL GTTAATELK! 
two proteins. The numbering above 880 890 300 910 320 930 340 950. 960 970 
the sequences is that of factor VIII. Factor VITI LDFKVSSTSNNL IST IPSDNL AAGTONTSSL GPPSMPVHYDSGL DTTL FGKKSSPL TE SGGPL SL. SEENNDSKLLESGLMNSOESSWGKNVSSTESGRL 
The number preceding the cerulo- è sd wi i 
plasmin line represents the num- factor YIN coe uroni sis mera cel OEarswiesorer fa veda 
“bering of the amino acid sequence 
“Seoinni i ingle- 1090 2100 110 1120 130 1150 160 
beginning the line. The single-letter facror vii] Me MVOORREGP I PPDAGNPDMSFFKMLEL PESARWIORT HGKNSL NSGGGPSPKLVSL GPEKSVEGON scunc iBccernebt emer dS 
notation for amino acids is used: 
la; C, Cys; D, Asp; E, Glu; F 1190 1210 40 1250 1260 
; C, Cys; D, Asp; E, : Bech T E T a T 


y + v NI 
e: G, Gly; H, His; I, lle; K, Lys: Factor VIII LFCTNLENCHENNTHNGE 
, Leu; M, Met; N, Asn; P, Pro; 1280 ved Co: rei gpd QConr vrad es JAAD E r: renee EEO E S E- A E: 
, Gin; R, Arg; S, Ser; T, Thr; V, Factor VIN EENLEGLGNOTKQI VEKVACTTR | SPNTSOQNF VTORSKRALKGFRLPLEETELEKRI YoorsTokinw FS YoroEkeRoa TSH 


Val: W, Trp; Y, Tyr. 
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of the 23 cysteine residues of the mature polypeptide are (Fig. 4). Although the B domain has no substantial homology 
clustered in the A and C domains and occupy similar positions with any known sequence, the C domain shares 20%: amino 
Fig. 6), suggesting that the structures of both repeated domains acid homology with the discoidin lectins from Dictyostelium”. 
of factor VIII reflect conserved disulphide bonding arrange- Ceruloplasmin contains six copper atoms in three. distinct 
ments. types of coordination: two of type 1, one of type 2 and three 
The A domains of the factor VHI protein show striking electron paramagnetic resonance-nondetectable type 3 copper 
mology with the copper-binding plasma protein ceruloplas- ions’, The type l copper ions are thought to bind to: th 
jin (Fig. 3). Amino acid sequence analysis of ceruloplasmin carboxy-terminal portion of the domains of ceruloplasmi 
vealed a structure consisting of three contiguous domains (domain residues 240-350; Fig..4) based on sequence | homolo, 
30% homology 22-24 The triplicated domains of factor with the type 1 copper-binding protein plastocyanin”. The four 
ceruloplasmin exhibit a pairwise homology of 30% amino. acid side chains proposed as the ligands. for the type I 
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copper atoms of ceruloplasmin are found in the first and third 
A domains of factor VIII (histidines 287 and 338, cysteine 333 
nd methionine 343; see Fig. 4). The conservation of the copper- 
and residues found in ceruloplasmin strongly suggests similar 
metal binding characteristics for factor VIII. 








hrombin cleavage 


oagulant activity of factor VIII is increased markedly by 
ent with catalytic amounts of the serine protease throm- 
' Thrombin activation of factor VIH is associated with a 
$ of polypeptide cleavages'*"'’. Further incubation with 
mbin leads to degradation of the protein with a concomitant 
of. coagulant activity", To understand the structural basis 
r these observations, the separated pools of factor VIII frag- 
nts were subjected to thrombin digestion and the resulting 
ducts characterized by SDS-polyacrylamide gel elec- 
phoresis. Thrombin digestion of the M, 80,000 protein resul- 
in a product of M,73,000 (Fig. 5A). Treatment of the 
peptide pool of M,90,000-210,000 led initially to the 
pearance of two bands of M, 43,000 and 50,000 (Fig. 5A). 
nger incubation with thrombin resulted in the conversion of 
M, 50,000 fragment to polypeptides of M, 30,000 and 20,000 
a not shown). The M, values of these thrombin digest 
gthents are similar to those generated by thrombin treatment 
native. factor VIII preparations'™!*!6, Amino-terminal 
uence analysis was performed on the separated protein 
hains before and after thrombin digestion. The resulting 
quences are compared with the corresponding amino acid 
juences deduced from the factor VIII cDNA sequence’? in 
ig. 5B; also shown are the potential cleavage sites found at 
he amino-terminus of the M, 80,000 protein and that which 
eparates the M,90,000 fragment from the carboxy-terminal 
portion of the M, 210,000 protein. The sequence surrounding 
he latter potential cleavage site (position 740) is similar to the 
amino-terminal sequence of the M, 70,000 protein (-PRSF---- 
.H-) (Fig. 5B). There is no other consensus sequence that would 
edict the specificity of thrombin cleavage. A homologous 
tretch preceeding the thrombin cleavage sites for the M, 43,000 
id 73,000 proteins is observed (Fig 5B), but whether this 
omology determines thrombin specificity or simply reflects the 
ernal duplication is uncertain. The most consistent sequence 
ind at thrombin cleavage sites within factor VIII is an arginine 
esidue followed by either serine or alanine. Other such sequen- 
ces (-RS- or -RA-) do occur within the protein but are not 
aved, suggesting the possible involvement of secondary struc- 
e in thrombin specificity. The cleavage that frees the M, 80,000 
rotein occurs at an arginine-glutamic acid sequence, probably 
ot a thrombin-generated cleavage site. This cleavage occurs 







































TYYSPNYNPOSR § Fig. 4 Domain homology of human factor 

VIH and human ceruloplasmin”. Identical 
residues in four of the six domains are boxed. 
The protein is indicated to the left of the lines 
(VII, factor VIL; Cp, ceruloplasmin) with the 
associated number indicating the position in 
the sequence of the first amino acid of the line. 
A domain residue numbering system is shown 
above the sequences. * Residues believed to be 
the ligands for type 1 copper (based on 

homology to plastocyanin”). 
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quickly and is complete within the time required for isolation 
of the protein. The precursor factor VIH protein therefore may 
be cleaved to free the M, 80,000 polypeptide by a protease other 
than thrombin. 


Discussion 


The structure of factor VIII revealed by the amino acid sequence 
predicted from the cloned cDNA and the structural characteriz- 
ation of polypeptide fragments described here are summarized 
in Fig. 6. The size of the factor VIII precursor moiety is consistent 
with the reported isolation of single-chain M, 330,000 protein 
from plasma'* and supports the notion that the protein circulates 
as a high-molecular weight form that is readily cleaved in plasma 
and/or during isolation to a series of degradation products. 

The primary structure of factor VHI exhibits three distinct 
types of structural domain, including a triplicated region of 
~330 amino acids (A domains), a unique region of 980 amino 
acids (the B domain) and a carboxy-terminal duplicated region 
of 150 amino acids (C domains), which are arranged in the 
order Al-~A2-B-A3-C1-C2 (Fig. 6). The A domains of factor 
VHI show significant homology to ceruloplasmin, consisting 
also of a triplicated structure of three A domains but lacking 
both B and C domains**-**. Particularly striking is the clustering 
of cysteine residues at similar locations within related structural 
domains of factor VII (Fig. 6). The determination of disulphide 
pairings for ceruloplasmin”? predicts two types of internal 
disulphide bonding arrangements for the A domains of factor 
VIH. The disulphide structure proposed for the C domains of 
factor VIII is based on the proposition that the disulphide 
linkgages form between the two cysteine residues found in each 
domain. The large B domain which separates the second and 
third A domains of factor VIII contains only four cysteine 
residues, but the presence of 19 asparagine-linked glycosylation 
sites suggests that this region is extensively modified by carbohy- 
drate addition. 

The activation of factor X by factor IX, in conjunction with 
factor VIII is known to require calcium ions. Factor IX, and 
factor X both contain y-carboxyglutamic acid residues which 
are thought to be involved in calcium binding. The protein- 
bound calcium ions mediate the interaction of these proteins 
with the phospholipid surface. The homology of factor VII 
with ceruloplasmin suggests the possible involvement of copper 
or other metal ions in the role of factor VIII in factor X 
activation. One possibility for the role-of such metal ion involve- 
ment is suggested by the binding of lanthanide ions by y- 
carboxyglutamic acid residues*®. It is interesting to speculate 
that the potential copper-binding ligands of factor VIII interact. 
with a metal ion jointly bound by. the -y-carboxyglutamate - 
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Fig.5 A, Thrombin cleavage of separated factor VIII polypeptide 
fractions. B, Alignment of thrombin-generated amino termini with 
-the deduced amino acid sequence’’. 
Methods: A, The factor VIII polypeptides were separated as 
described in legend to Fig. 2A. SDS was removed by dialysis of 
the fractions against 8M urea solutions and urea removed by 
dialysis against 0.01 M Tris, pH 8.0. Thrombin was then added at 
eight ratios to a maximum of 1:20. The digestions were allowed 
to proceed at room temperature and the extent of cleavage was 
monitored by SDS-gel electrophoresis. Lanes | and 2 are the M, 
80,000 protein with and without thrombin, respectively; lanes 3 
“and 4 are the M,90,000-210,000 protein without and with throm- 
<. bin, respectively. B, Thrombin digestion products were separated 
‘by preparative SDS-gel electrophoresis, electroeluted by the pro- 
“<gedure of Hunkapiller et ai.*' and analysed on a Beckman spinning 
cup sequencer”. The M,80,000 protein was obtained by TSK 
separation as described for Fig. 2A. The thrombin cleavage site is 
indicated by a space in the cDNA deduced sequence. The number 
above the subsequent amino acid corresponds to the position of 
‘that residue in the linear sequence. The amino-terminal protein 
sequences for the various polypeptide chains are aligned under 
the translated gene sequence. —, Positions where no residue could 
. be identified; X, positions where the wrong amino acid was deter- 
“mined, The relative molecular masses of the proteins separated 
_ are listed (30K is the amino terminus obtained for the gel-eluted 
: polypeptide with a M, of 30,000); solidi indicate cleavage products 
(for example, 50/43 indicates the cleavage which separates the 
M, 50,000 and 43,000 species). Regions which share sequence 
homology are boxed. 









residues of factors IX or X. In addition to copper transport and 
haemostatis, several enzymatic functions have been ascribed to 
ceruloplasmin, including ferroxidase activity, amino oxidase 
activity and superoxide dismutase activity?’ >. It will be impor- 
tant to determine whether any of these activities are associated 
with factor VIII. 
The amino-terminal sequence of factor VIII thrombin frag- 
ments and the homology of factor VIII with ceruloplasmin 
provide insight into a functional purpose for the cleavages. 
_ Factor VII isolated from plasma is usually degraded. In certain 
reparations, small amounts of a M, 330,000 protein were 
bserved when analysed. on SDS-polyacrylamide gels run under 
pausing » conditions; this protein was not observed when 
r VIII samples were reduced before electrophoresis. 
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le 330,000 may be a disulphide-linked, limited pro- 
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Thrombin Fragmentation 
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Fig. 6 Line diagram of factor VIII precursor prote 

molecular masses of the various fragments as determined by SD 
polyacrylamide gel electrophoresis are indicated (the M, calculated 
from the actual amino acid composition’ is given in parentheses). 
The positions of potential asparagine-linked glycosylation’ 
and cysteine residues are shown. The positions of the thre 


also given. The position of cleavage of the M, 90,000 protein 
not been determined and is suggested. Boxes, the triplicat 


domain. 


teolytic degradation product of a single-chain M, 330,000 fa 
VIII molecule first reported by Tuddenham et al'®, Th p 
of the protein immediately prior to the M, 80,000 protein n 
thus be a disulphide linker region which holds the M, 210 
and 80,000 regions (or larger precursors) in the reducible 330,000 
form. Exposure of plasma-derived protein preparations t 
thrombin results in activation of the factor VIII coagulant 
activity and the appearance of the band at M, 90,000 {residu 
1-740) due to the removal of the B domain or its fragmen 
Thrombin further cleaves both the M, 80,000 and 90,000 pr 
teins. The M, 80,000 protein is cleaved after residue: 
releasing a M, 4,500 peptide containing one potential asparagi 
glycosylation site. This peptide is highly acidic, containing 
aspartic and glutamic acid residues and only 4 lysine or argini 
residues out of a total of 41 amino acids. Thrombin cleavage. 
the M, 90,000 protein to M, 50,000 and 43,000 products occu) 
between the first two A domains of factor VIII after an acidic 
spacer region (15 aspartic and glutamic acid residu 
lysine/arginine; total of ~42 amino acids) having $ 
sequence homology with the acidic peptide cleaved. from 
M, 80,000 protein (Fig. 5B). Further cleavage of the M, 50,00 
protein (domain residue 240, Fig. 4) occurs immediately pre 
ing the region having sequence homology with plastocyanin” 
thereby freeing this potential metal-binding domain. _ 

Factor VIII has many properties in common with coagulan 
protein factor V’***. These proteins function in the intrin 
coagulation cascade with an activated vitamin K-dependen 
coagulation protein (factors IX, and X, for factors VII} and V. 
respectively), a phospholipid surface and calcium io: 
complexes result in the specific activation of a secon: 
K-dependent coagulation protein (factor X. and prothrom 
for factors VIII and V, respectively). Factor VIII and fact 
are both proteins of M,;> 300,000; they are cleaved by a si 
of thrombin-catalysed events to. generate proteins of M, 90 L 
(from the amino oe) and, M; 80,000 (from the 









































ctor V, the M, 90,000 and 80,000 proteins would correspond 
o fragments D and E of factor V, respectively**. These two 
tagments of factor V can be separated from the activation 
peptides and isolated as a functional two-subunit protein”, 
th subunits are required for factor V activity’? and both may 
required for factor VIII activity. A highly glycosylated inter- 
diate region is cleaved from both proteins. Therefore, both 
actors V and VIII seem to be highly similar in structure, throm- 
bin cleavage pattern and, presumably, function. 

The studies described here provide a structural basis for 
efining the role of the diverse molecular forms of factor VIII 
n their interaction with other proteins of the coagulation cas- 
de. The availability of complete factor VII! cDNA clones 
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ermini) from a single-chain circulating form. By analogy with 








capable of programming recombinant factor VIE synthesis in 
mammalian cell cultures’? will offer’a unique opportunity to 
perform similar studies with the single-chain precursor molecule. 
The questions raised here concerning the relationship of process 
ing events, structural domains and homology to ceruloplasmin: 
with the biological function of factor VIII may be answered by: 
studying structural changes introduced into the protein by 
modification of these cloned DNA sequences. 
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omplete copy of the mRNA sequences encoding human coagulation factor VIII: C has been cloned and expressed. The 
VA sequence predicts a single chain precursor of 2,351 amino acids with a relative molecular mass (M,) 267,039. The 


in has an obvious domain structure, contains sequence repeats and is structurally related to factor V and ceruloplasmin. 





.EMOPHILIA A is a bleeding disorder caused by deficiency 
abnormality of a particular clotting protein, factor VITI:C' 
ecutring in about 10-20 males in every 100,000. AfMlicted 
dividuals suffer episodes of uncontrolled bleeding and are 
reated currently with concentrates rich in factor VIII: C derived 
m human plasma. The available therapy, although reasonably 
flective, is very costly and is associated with a finite risk of 
ctions, We report here significant progress in the use of 
ombinant DNA technology to provide pure human factor 

HI :Cas an alternative treatment for haemophiliacs. 
‘Blood clotting begins with injury to a blood vessel. The 
damaged vessel wall causes adherence and accumulation of 
_ platelets activating the plasma proteins which initiate the coagu- 
_ lation process. Sequential activation, via specific proteolytic 
_ cleavages and conformational changes, of a series of proteins 
comprising the coagulation cascade eventually leads to deposi- 








tion of insoluble fibrin which, together with aggregated platelets, 
curtails the escape of blood through the damaged vessel wall, 
Factor VIII:C is a large plasma glycoprotein that functions in 
the blood coagulation cascade as the cofactor for the factor 
IXa-dependent activation of factor X. It can be activated pro- 
teolytically by a variety of coagulation enzymes including 
thrombin’. 

In order to provide factor VIII:C for treatment of 
haemophiliacs we cloned a full-length cDNA. A major obstacle 
to the cloning effort was the large size of the protein, estimated 
to be at least M, 250,000. Purification of factor VIII:C from 
plasma’ is made difficult by its low abundance, its extreme 
sensitivity to degradation by serum proteases and its tight associ- 
ation with polymeric forms of the more abundant protein, von 
Willebrand factor. Fass et al* have described a purification ~ 
procedure for porcine factor VIII: C using monoclonal antibody. = 





















Figo tog ‘b; N-terminal amino acid 
_ sequence atialysis of bovine thrombin 
cleavage and natural cleavage frag- 
-<i ments of porcine factor VHI: C. c, The 
-= positions of fragments in the factor 
-SVHI:C precursor in diagrammatic 


form. The molecular masses are the 160,130,82, 50 kDa 
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apparent porcine values deduced from — gg kDa 
SDS gel electrophoresis rather than 
those calculated from the human 76 kDo 


amino acid sequence. Map lengths are 
indicated in amino acid residues to 


? He SerLeuPro Thr Phe Gin Pro Glu Glu Asp Lys Met Asp Tyr Asp Asplie Phe 





> correlate with Fig. 4. In a, N-terminal b 
sequences were determined for the 


| PORCINE 160,82, 50kDa Ile lrg Arg Tyr Tyr Leudly Alo Vol Glu Leu Ser Trp hsp Tyr 
rg Arg Tyr Tyr LeuGiy Ala Vol Glu Leu Ser Trp Asp Tyri 








indicated fragments of porcine factor WM“ y 
VII:C. The first residue in each Behe tev ak sani - 
- Sequence could not be assigned and is suman par Sonne h: 


> indicated as? In b, the porcine amino 
“acid sequences are compared with the 
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i PORCINE 69 KDe Ser Phe Gin Lysis 
corresponding sequences in human HUMAN Ser PheGin L 




















factor VIIE:C predicted from the 

nucleotide sequence of the cDNA 

clone (Fig. 4). Boxed areas, indentity 
between — sequences. Thrombin 

-Qleavage fragments of porcine factor 

- MHIT:C were purified. by SDS polya- € 
crylamide gel electrophoresis and 
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located in the unfixed gel using a small 
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: 2 ; C ANT +} 
portion of '*I-labelled porcine factor 4 
VIUI:C as a tracer. After elec- Cc EO kba se Tks 
trophoretic elution from the gel matrix to ‘en ibe ate 


as described previously”*, the polypep- 

tide sample was subjected to N- 

terminal amino acid sequence analysis 

using an Applied Biosystems gas- 
phase sequenator''. 


mmunoaffinity chromatography, obtaining highly purified poly- 
peptides of M, 160,000, 130,000 and 76,000, similar in size to 
imani factor VIII: C polypeptides“. Although it has been gen- 
erally supposed that factor VIIT:C, like its homologue factor 
‘NM, is synthesized as a single chain macromolecular precursor 
which is then cleaved to yield the fragments found in purified 
preparations, the results presented here are the first conclusive 
demonstration that this supposition is correct®. 
Additional obstacles to the isolation of a factor VHI : C cDNA 
- clone were the lack of a cell line which made factor VIII: C and 
uncertainty about its site of synthesis in vivo’? Microsequencing 
of highly purified porcine factor VIII: C yielded sufficient amino 
acid sequence to construct oligonucleotide probes. We used 
these probes to identify a partial clone by direct screening of 
porcine genomic DNA libraries. The clone provided a probe 
for identification by cross-species homology of a corresponding 
"human genomic clone. Using this probe, we determined that 
human liver is a source of factor VIII:C mRNA and obtained 
subsequently from such tissue the entire 9 kilobase (kb) cDNA 
sequence as a set of overlapping clones. Reconstruction of these 
clones into one continuous sequence within an expression vector 
provided a functional full-length cDNA able to express active 
protein after transfection into mammalian cells. 


Porcine factor VIII: C 


Treatment of highly purified porcine factor VIII: C with bovine 
thrombin (factor Ia) causes an initial activation of up to 60-fold* 
concomitant with loss of the M, ~ 160,000 polypeptide, transient 
appearance of a M, 130,000 and the appearance of a new chain 
of M, 82,000 (Fig. 1c). As the digestion proceeds, the M, 76,000 
polypeptide generates a fragment of M, 69,000 and the M, 
82,000 polypeptide is cleaved, apparently to yield polypeptides 
of M, ~50,000 and 40,000. 

< Our sequence analysis was performed using factor VII: C 
purified from ~1!01 of porcine plasma collected from about 
ten. hogs with precautions to minimize proteolysis during collec- 
and subsequent processing'®. We prepared 0.1-1.5 nmol of 
h of e M, 160,000, 130, 000 and 76,000 chains originally 
n purified porcine factor VITI:C and the 82,000, 69, 000, 





































50,000 and 40,000 thrombin cleavage fragments. N-te 
amino acid sequence analysis using the microsequencing 
cedures described previously'' yielded the data presente 
Fig. 1a, b. The M, 160,000, 130,000, 82,000 and 50,000. 
have the same N- terminal amino acid sequence for at leas 
residues, whereas the 69,000 and 40,000 fragments have dis 
N-terminal sequences. There is, however, striking h 
between the 69,000, 40,000 and the 160,000 polypeptides a: 
their fragments. The M, 76,000 fragment shows no N-term 
sequence homology with the N-terminal sequences of an 
the other fragments: Comparison of these sequences with part 
sequence data for bovine factor V has led to a hypotheti 
model for the structural relationship between the putative singl 
chain factor VIII:C and its cleavage products® similar to 1; 
shown diagrammatically in Fig. le. oe 


Genomic cloning 


As the tissue source of mRNA for factor VIII: C was unkni 
we tried the novel approach of directly screening geno: 
libraries with oligonucleotide mixtures to obtain a unique le: 
of porcine factor VH1:C DNA. We used two probes, onea poo 
of long oligomers containing few sequences and the: othe 
pool of shorter oligomers containing all possible sequences. 
identified residues His8-Met22 of the M, 69,000 chain (see Fi 
1) as containing the least codon ambiguity. The set of 45-m 
described in the legend to Fig. 2 was selected on the bas: 
eukaryotic codon „usage? , the relative stability of G:T vers 
A-C mismatches"? and the infrequency of the dinucleotide p 
in eukaryotic genes. Jaye et al'* used a similar strategy t 
generate long oligonucleotides for screening a cDNA library. 
but they did not attempt genomic screening. A set of .15-me 
containing all possible sequences that could encode the Trp18 
Met22 region of the M, 69,000 polypeptide served as the secon 
dary probe. 

We constructed a genomic library from BamHI digeste 
female porcine DNA and screened it with the radiolabelled 
45-mers under relatively nonstringent conditions (see Fig. 2 
legend). Rescreening. the library with the 15-mers yielded fo 
clones out tof 4x10% recombinants which hybridized strongl 








| and, on hybridization to additional oligonucleotides 
ved from the amino acid sequence of thé M; 69,000 polypep- 
ne contäined a 6.6 kilobase (kb) BamHI fragment that 
sridized to all probes (Fig. 2). Sequence analysis of DNA 
ents subcloned into M13 confirmed that we had isolated 
ecombinant. containing DNA, encoding a portion of the M, 
000 polypeptide. The 45-mer had 11% mismatch (5 of 45 
ucleotide positions) but still hybridized strongly to the porcine 
omic clone. 
fo obtain a human factor VIII: C genomic clone, the 6.6 kb 
BamUl fragment from the porcine genomic clone was used to 
na human Haelll/Alul library'®. From 8 x 10° screened, 
ingle recombinant phage containing an insert of about 16 kb 
isolated (Fig. 2). The region of this clone containing 
ence homologous to the porcine M, 69,000 fragment, iden- 
ed by hybridization to the 45-mers, was subcloned into M13 
1 its sequence determined. The sequence shows strong 
0%) homology to the porcine factor VIII:C sequence at 
oth the nucleotide and derived amino acid level (see Fig. 1). 
\dditionally, an exon/intron boundary occurs at Precisely the 
ame position in both porcine and human genomic DNAs. 
) confirm further that we had cloned a segment of the human 
ctor VIIL:C gene, we demonstrated linkage to the X chromo- 
by comparing the Southern blot band intensities between 
jan male diploid DNA and XXXXY DNA (human lympho- 
stoid line GM 1202A from the NIGMS mutant cell reposi- 
y). Several unique DNA fragments from the human genomic 
lone were used as probes. Each hybridized to a single human 
ment which was appropriately overrepresented in the 4X 
A when compared with human albumin DNA internal con- 











e entire human factor VIII:C gene was isolated sub- 

ntly as overlapping clones spanning ~200 kb. We thus 
tructed a genomic library from the human XXXXY cell 
: and screened sequentially with unique probes from the ends 

‘eviously isolated recombinants. The factor VIII:C gene 
ns more than 180 kb; most of its exons are small (150- 

ase pairs) with the exception of the 3.1 kb exon (Fig. 2) 
the 1.9 kb 3’-most exon, which includes 1.8 kb of non-coding 
uence, 





‘able 1 Expression of factor VIII:C cDNA in COS-7 cells 





Chromogenic I stage 
activity APTT assay 
(mU mI’) (mU mi!) 
DNA <0.05 « 
SVL <0.05 « 
SVL-VHI 7 10.0 
thrombin ND 50 
ta VIL IgG <0.05 ND 





full-length cDNA clone was excised from pSP64-VIII with Sall 
inserted into the PstI site in pCVSVL" by addition to the vector 
synthetic oligonucleotide adapters containing Sall cohesive ends. 
resulting plasmid containing the factor VIII: C cDNA in the correct 
ntation for transcription from the adenovirus major late promoter 
s designated pCVSVL-VIII. Plasmid DNA (8 ug) was transfected 
COS-1 monkey cells” in a 10cm dish by the DEAE-dextran 
ction protocol” with the addition of chloroquin treatment". The 
ected cells were incubated for 36 h, then rinsed and fed with 4 ml 
free media. Samples were taken for assay 24 h later. Factor VIII: C 

y was determined by the Kabi Coatest factor VHI:C method 
lified to afford a sensitivity better than 0.05 mU ml”! and by the 
stage activated partial thromboplastin time (APTT) coagulation 
ye using factor VIII: C-deficient plasma. For thrombin activation, 
ples were pretreated 1-10 min with 0.2 units ml”! thrombin at room 
perature. The peak of activity (value shown) was reached after 4 min 
then gradually declined. Inhibition with anti-factoer VIII:C 
wnoglobulin was measured by the standard Bethesda protocol”, 
ted immunoglobulin from serum of a patient with high titre factor 
‘C inhibitor was prepared by ion exchange and protein A Sepharose 

Stvoniajoataphiy ®- ND, not determined; «, not detectable. 








5-mers. The four bacteriophages were 








“cDNA cloning | 





Our original human factor VIII: C genomic clone provided a 
probe with which to identify a useful tissue source for human 
factor VIII:C mRNA. A cell line secreting factor VHI:C is not 
available, but it had been reported that the protein was synthe- 
sized in liver and spleen’’. RNA blot analysis, initially with 
porcine material, confirmed the presence of very low mRNA 
levels in these tissues. Northern blot analysis of human liver 
mRNA, using a highly radioactive single-stranded probe of 
~800 nucleotides of human factor VIIE:C exon DNA (see Fig. 
3 legend), demonstrated a single mRNA of ~9 kb (Fig. 3A, 
lanes a, b). A messenger of this size could encode a single-chain 
factor VIII :C precursor of M, 250,000-300,000. In other experi- 
ments, the same size mRNA was detected in placenta but was 
absent from peripheral blood lymphocytes. All of these observa- 
tions are consistent with the suggestion that factor VITI:C 
mRNA is synthesized by endothelial cells'®. 

We demonstrate in Fig. 3A (lane c) that the level of factor 
VIL: C mRNA in human liver is far lower than that of coagula- 
tion factor IX mRNA. Quantitative RNA dot blot hybridizations 
indicated that the amount of factor VHI:C mRNA was 20-40 
times lower than factor IX mRNA. We had found previously 
that 1 in 5,000 recombinant phage in a liver cDNA library 
contains factor IX sequences. Thus we estimate that libraries of 
more than 200,000 recombinants would be required to isolate 
a single factor VIII:C clone. 

Several large cDNA libraries were constructed in A Charon 
21A and GT10 (see Fig. 3 legend), using as a first strand primer 
either oligo(dT) or a unique 38-mer deduced from the sequence 
of the large human exon in Fig. 2. Ten factor VIII:C cDNA 
clones were isolated after screening ~2,000,000 recombinants 
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Fig. 2 a, Porcine and b, human factor VIII:C genomic clones. 

Homologous 3.1 kb exons are indicated by shaded boxes. 
Methods: A porcine genomic library was constructed from Bam HI 
digested female porcine liver DNA in the bacteriophage vector 
AJI (a derivative of L47.1) using established procedures. Recom- 
binants (4 x 10°), were screened using a modification of the pro- 
cedure of Woo’. A set of 45-mers containing the sequences 5’d 
( CATGCCATAATCCCACAGCTGETCCACAGCAGCAATAA- 
AGTAGTG) was synthesized on the Applied Biosystems Model 
380A instrument. Filters were hybridized with $ x 10° c.p.m. mI”! 
(0.5 pmole mi™') of **P-labelied 45-mers for 2 h at 45°C in 5X 
SSC, 5X Denhardts, 0.1% SDS, 100 pg mi”! denatured salmon 
sperm DNA. Filters were washed at 50°C in 5X SSC, 0.1% SDS, 
air dried and subjected to autoradiography using Kodak XAR film. 
After autoradiography, filters were denatured in 0.1M NaOH, 
neutralized and i rehybridized with **P-labelled 15-mers, sequence 
S'd (CATNCCATAQTCCCA). Hybridization was performed as 
described above at 37°C. Recombinants hybridizing to both 
oligomers were plaque purified and phage DNA prepared. Phage 
DNA prepared from one recombinant (PB34) contained a 6.6 kb 
BamHI fragment which hybridized strongly to both sets of oligonu- 
cleotides in Southern blot analysis. The 6.6 kb BamHI insert was 
purified from an agarose gel and **P-labelled by nick translation. 
Recombinants (8 x 10°) from the human Haelll/Alul genomic 
library of Lawn et ai.'* were hybridized with 10° c.p.m. ml”! of the 
nick-translated porcine probe using the same conditions described 
for the 45-mer hybridization. A single recombinant phage, HH25, 
was thus isolated. Sau3A fragments of the insert from HH25 were 
subcloned into M13 and a phage which hybridized to the radio- 
labelled 45-mer was identified. The sequence of the Sau3A frag- 
ment in this subclone proved that HH25 contained DNA from the 
human factor VIII:C gene. The entire exon (shaded box) was 
subsequently sequenced. A 0.8 kb BamHI fragment spanning the 
Y exon/intron junction was subcloned as the probe to screen for 
a tissue source of factor VIL: C mRNA (see Fig. 3). 
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rom the oligo(dT) libraries; 55 additional cDNA clones were 
obtained from among 1,000,000 recombinants from the 38-mer 
primed library. Four of the several clones characterized in detail 

= are illustrated in Fig. 3B together spanning 9,000 base pairs 
(bp), sufficient to encode the entire mRNA detected by Northern 
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g3 A, Northern blot analysis to locate a tissue source for human factor 
L OVIHIC mRNA. Polyadenylated RNA (5 pg) extracted”? from adult liver 
{lane b) or fetal liver (lanes a, c) was fractionated on an 0.8% agarose 
i formaldehyde gel and transferred to nitrocellulose as described”! . The filter 
in lanes a,b was hybridized with 5x 10° ¢.p.m. of a “*P-labelled factor 
VHI-:C single-stranded probe prepared by primed synthesis from an M13 
< template which contained an 0.8 kb base BamHI fragment of HH25 (see 
Fig. 2 legend)?” 233. The filter in lane c was probed in the same manner except 
5x10°%c.p.m. of a human factor IX probe of identical specific activity was 
used in addition. The exposure time for lanes a, b was longer than that for 
lane c and the RNA was from a different preparation. B, restriction map 
(EcoR}) of the human factor VIIL:C cDNA sequence showing the single 
jong open reading frame as a shaded box. An illustrative set of four overlap- 
ping bacteriophage A clones are shown. Those designated dT4, dT51 and 
dT11 were from oligo(dT) primed ACharon 21A libraries. Clone PE31 was 
from a library in AGT10 primed with a unique 38-mer (solid rectangle). The 
cDNA sequence comprises 150 bases of 5’-untranslated region, an open 
reading frame of 7,053 bases and 1,806 bases of 3'-untranslated region. 
Methods: Oligo(dT) primed double-stranded cDNA was synthesized from 
10 pg polyadenylated fetal liver RNA as described**. 200 pmol of a unique 
complementary 38-mer (nucleotides 5,308-5,345) and 10 ug polyadenylated 
fetal liver mRNA were denatured in 10 mM CH,HgOH. The reaction was 
-i made 140 mM in 2-mercaptoethanol, 700 mM KCl, I mM EDTA, 20 mM 
“Tris-HCI (pH 38.3 at 42°C), 1 unit yl”! of RNasin (Promega-Biotec) and 
incubated at 50°C for 2 min and at 42°C for 2 min. First and second strand 
synthesis was then performed as for the oligo(dT) primed cDNA”. The 
second strand reaction was terminated by the addition of EDTA to 20 mM. 
The EcoRI sites were methylated, after the addition of $-adenosylmethionine 
to 50 pM and 40 units of EcoRI methylase, by incubation at 37 °C for Ih. 
These reactions were terminated by phenol-chloroform extraction and 
chromatographed using Sephadex G-50. equilibrated in 10mM Tris-HCI 
(pH 8.0), 1 mM EDTA, 100mM NaCl. DNA in the excluded volume was 
pooled and precipitated with ethanol. The double-stranded cDNA was 
blunted in 50} containing 50mM Tris pH8.3, 10mM MgCl, 10mM 
2-mercaptoethanol, 50 mM NaCl, 50 uM of deoxynucleotide triphosphate, 
100 wg mi”! ovalbumin and 5 units of T4 polymerase (PL Biochemicals). 
The reaction was incubated at 37°C for 30min and then terminated by 
phenol-chloroform extraction. Nucleic acids were recovered by ethanol 
precipitation with 2M ammonium acetate. Kinased EcoRI linkers (NE. 
Biolabs; 300 ng) were then added to the blunted double standed cDNA by 
ligation overnight at 16°C in a final volume of 30 wl. The reaction was 
diluted to 200 pl in EcoRI digestion buffer and digested with 300 units of 
EcoRI (NE. Biolabs) for 2h at 37°C. EDTA to 15 mM was added and the 
reaction extracted with phenol-chloroform and chromatographed over 
Sepharose CL-4B (Pharmacia) equilibrated with 10 mM Tris-HCI (pH 8.0), 
I mM EDTA, 100mM NaCl. cDNA in the void volume was collected and 
precipitated by ethanol in the presence of 10 wg yeast tRNA carrier. CDNA 
was redissolved in 10 mM. Tris-HCI (pH 8.0), I mM EDTA and ligated to 
EcoRI cleaved, phosphatased, ACharon 21A DNA for the oligo(dT) primed 
cDNA and to AGTIO DNA for the primer extended cDNA. The libraries 
were packaged, plated and initially screened using a unique 2p. labelled 
$3-mer (nucleotides 5,158-5,210) permitting the isolation of both PE31 and 
dT51. Recombinant dT4 was identified with a **P-labelled pool. of 64 56-mers 
containing the sequences: Std TCCCAATCCTCTTCTIC AGCEGAZA- 
TATAGTGAACCCASGTCTTAGGGTGCTICTT) (using the same criteria 
as was used for the construction of the 45-mer pools) made to residues 
(Lys3-Asp21) of the M, 40,000 polypeptide fragment of porcine VIII:C. 
Recombinant dT11 was isolated using a nick translated 3' end Pst1/ EcoRI 
fragment (nucleotides 5,902-7,127) of dTS1. Numerous other cDNA clones 
“were isolated by similar methods; some were also characterised in detail, 
‘sequenced and used in the construction of the full-length cDNA clone. 
Selected cDNA and genomic exon fragments were ligated to one another 
two. at-a time, subcloned and ultimately inserted in the Sall site of pSP64 
fier the addition of a synthetic Sall site at nucleotide 145. The resulting 
combinant; PSP64-VIIL, contains the factor VIIT:C cDNA from just before 
he initiator ATG (at nucleotide 150-152) to nucleotide 7,422 (some 200.bp 
dos nstream from the terminator at nudeonide 7,201), 
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blot analysis. (The unique 9,009 bp cDNA sequence 
after sequencing numerous overlapping fragments of cDNA 
genomic DNA has been deposited in the NIH US Nucl 
Sequence Databank and is available through GENBANK. 
sequence comprises a 5'-noncoding region of 150 nucleoti 
a single long open reading frame of 7,053 nucleotides (2 
codons) and 1,806 nucleotides of the 3’-noncoding regio: 
translated sequence, in a single-letter amino acid code, is. 
sented as Fig. 4. h 
A full-length cDNA clone was assembled (see Fig. 3 lege 
and inserted into the Sall site of the polylinker in plasmid 
(Promega Biotec). We thus obtained a recombinant, pSP64- 
with a single continuous factor VIIL:C coding sequen 
could be readily excised by Sall digestion for insertio 
variety of expression vectors. 


Expression and structure 


To confirm that the factor VIII:C cDNA indeed encodes 
factor VIII, we introduced the full- “eng cDNA. into the 
malian expression vector pCVSVL'”’'*. Plasmid pCVS 
contains the cDNA in the proper orientation to be expresse 
from the adenovirus major late promoter. Medium collec 
60 h after transfection of COS-| cells with this plasmid con 
readily detectable levels of factor VIII: C activity (Tabl 
activity was detected in controls. The activity was inhibit 
antibody to human factor VITI:C and was activated fi 
by thrombin. i 
The sequence of the cDNA clone comprises 2,351 amino aci 
from the initiator Met to the terminating Tyr residue and be, 
with a secretory leader peptide sequence of 19 amino 
Regions of homology with the previously determined am 
acid sequences of porcine factor VIII:C fragments ca 
located (Fig. 1), confirming the model for the structure of. 
factor VIII:C of Fass et alf and predicting the 
terminus and thrombin cleavage sites of the human, mol 
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Fig.4 Amino acid sequence of the human factor VIH : C precur- 
sor, predicted from the sequences of cDNA and genomiç clones 
Arrows indicate (1) a presumed signal peptidase cleavage site-at 
residues 19-20 (Ser-Ala); (2) thrombin cleavage sites at residues 
391-392, 759-760 and 1,708-1,709 (all Arg-Ser); (3) a possible 
thrombin cleavage site at residues 1,667-1,668 (Arg-Glu). Befor 
each cleavage site the apparent M, of the corresponding. por 
factor VIII: C fragment C-terminal to the cleavage site® iş given 
* Amino acid residue identity with porcine factor VILE: C amit 
acid sequence determined from a variety of proteolyt and 
chemical cleavage fragments. Potential N-glycosylation sequences 

O Thr) are underlined: 
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Fig. 5 Structural features of human factor VIII:C, showing 
hematically the location of cysteine residues and potential N- 
lycosylation sites (Asn-X-Ser/Thr) with respect to thrombin 
age domains. The number of amino acid residues in each 
domain is-given as well as the apparent molecular weights of the 
corresponding regions of porcine VIII: C. 


cation of cysteine residues and potential N-glycosylation 

n~X-Ser/Thr) is shown schematically in Fig. 5. Their 
numerical Position within the human factor VIII: C pre- 
molecule is shown in Fig. 4. The cysteine residues appear 
clustered in the M, 50,000, 40,000 and 69,000 regions. 
are no disulphide bridges between these regions in porcine 
_VIIE:C, where the same pattern of polypeptides is 
ed on SDS gels in either reducing or non-reducing condi- 


ontrast to the location of cysteine residues, many of the 
ial N-glycosylation sites appear between the M, 40,000 
9,000 regions (Fig. 5). Distinct bands corresponding to 
domain of 908 amino acids, or cleavage fragments derived 
cannot be readily identified on silver stained SDS gels. 
e obtained amino acid sequence data from minor com- 
ts in purified porcine factor VIII:C preparations which 
resent in the M, 80,000 and 50,000 regions of SDS gels. 
erminal sequences of these polypeptides are identical; 
more, a similar amino acid sequence is found in the 
sted human factor VII: C precursor amino acid sequence 

ın in Fig. 4 (residues 760-766). 
triking feature of human factor VIII:C is the presence of 
ated blocks of amino acid homology (Fig. 6); the three most 
ensively repeating patterns of homology are within the M, 
000 and 69,000 fragments (blocks A, B, C, D, E and A’, B’, 
E); within the M, 50,000 and 40,000 fragments (blocks 
G, -H, Land A’, F’, G’, H’, T) and a M, 69,000 fragment 
| repetition (blocks J, K, L and J‘, K’, L’). Another set 
peat blocks {A', M and A”, M’) is suggestive of a vestige 
M, 40,000/69,000 duplication. Not only i is there a strong 
M: homology; but also the A to M spacing is very similar 
} regions. A block of amino acids (N) in the 40,000 region 
peated (N’) in the region between the M, 40,000 and 76,000 

ions. 

We analysed the precursor human factor VIII: C amino acid 
uence by the method of Hopp and Woods’? for the determi- 
ation of relative hydrophobicity. As observed for other secreted 
roteins, the factor VIII:C precursor contains a hydrophobic 





ta le 
PT amet aoe eee A : H ENA 

















ra 








1 OOOH 








ar nec fein 


ae a 

300 1000 1500 2000 Amine Acid 

Fig. 6 Amino acid sequence homology within human factor 
VHI:C. A computer search for internal amino acid sequence 
homology was performed using the PEP program in the Intel- 
liGenetics software system. Blocks of homology are labelled 
alphabetically on the linear maps, with their location and relative 
size indicated, Matching blocks of homology bear the same alpha- 
betical symbol plus a prime or double prime. The actual amino 
acid sequences within these blocks and their numerical position 
with the entire precursor molecule can be located in Fig. 4. 


A(residues 21-35); A’(400-414); A"(1,714-1,728); B(89-101); 
B’(1,776~ 1,788); C(177~198);  C’(1,856-1,877);  D(211-227); 
D’(1,902-1,908); E(292-298);  E'(1,979-1,985);  F(164~179); 


F'(539-554) ; G(217-227) ; G’(594-604) ; H(250-261); H'(633-644); 

1(318-324);  T'(809-815); J(2,038-2,059);  J(2,191-~2,212); 

K(2,144-2,151);  K’(2,301-2,308);  L(2,181-2,188);  L(2,338- 

2,345); M(486-492); M’(1,796-1,802); N(749-755); N’(1,002- 
1,008). 


leader sequence (residues 1-19). Two other extensive regions 
of hydrophobicity are also predicted by this analysis; first, 27 
amino acids from Ser308 to His334 and second, from Ser630 to 
Phe677. The hydrophobic nature of these regions is substantiated 
by the method of Kyte and Doolittle”. The role of these hydro- 
phobic regions in factor VIII:C secretion and/or activity is 
unknown, 


Homology with other plasma proteins 


We have reported previously?’ amino acid sequence homologies 
among certain regions in factor VIII: C, factor V, and ceruloplas- 
min. These homologies were identified by comparison of the 
N-terminal amino acid sequences of thrombin cleavage frag- 
ments of bovine factor V and porcine factor VIII: C with amino 
acid sequence deduced from a genomic clone of porcine factor 
VIII: C and with the published amino acid sequence of human 
ceruloplasmin”. The deduced amino acid sequence of human 
factor VIII:C described here (Fig. 4) contains regions of 
homology with the known amino acid sequences of bovine factor 
V and extensive homology with the entire human ceruloplasmin 
molecule, supporting the suggestion that these three proteins 
are related evolutionarily. Note the homology between blocks 
A, A’ and A” of human factor VIII:C (Fig. 6) and residues 
2- 16, 353-366 and. 712-726 respectively of human ceruloplas- 
min”, as these homology blocks apparently mark the boundary 
ofa primordial gene encoding approximately 350 amino acids. 
Similarly, block A is homologous with residues 3-17 of the M, 
94,000 amino terminal thrombin cleavage fragment of bovine 
factor V and block A” is homologous with residues 6-20 of the 
C-terminal M, 74,000 thrombin cleavage fragment of factor V”. 
At present, the significance of repeating homologous units in 
factor VIII: C, factor V and ceruloplasmin is unclear, but they 
presumably reflect duplications and triplications of some smaller 
ancestral gene. 
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“Recent observations’? of the X-ray binary source Cygnus X-3 have 
revealed a flux of ultra-high energy y rays. Other observations 
“and subsequent models suggest that Cyg X-3 may be a dominant. 
source of galactic high-energy cosmic rays. Here I investigate 
whether it is possible to escape this conclusion with a model in 
. Which most of the energy of accelerated particles at the source is 
emitted as curvature radiation (that is, radiation emitted by parti- 
„Cles travelling on curved paths in a magnetic field so strong that 
- synchrotron radiation is suppressed). I conclude that such a model 
_ is not consistent with the observations. 
e ultra-high energy y-ray flux"? at 10'°-10' eV from the 
y binary source Cygnus X-3 has attracted much attention. 
the output is in the form of a rotating beam or an interception 
f a particle beam by a producing medium in the line- -of-sight, 
he estimated’ emission in the energy range is 6x10% ergs A 
"The flux at 10''-10'? eV seen by atmospheric Cerenkov groups“ 
“also contributes ~10°’ ergs”', again assuming a beamed 
emission. This y-ray component may be significant at high 
energies in forming cosmic-ray anisotropies®. Because of the 
difficulty in explaining the ultra-high energy flux in terms of 
electron emission™™!®, a proton or ion mechanism, probably 
involving nuclear collisions and production of 2°-mesons!', 
seems necessary. Using nuclear interaction models of the source, 
it has been shown'*? that more than 10” erg s™' of high-energy 
cosmic-ray particles are emitted. The calculation of the produc- 
tion and subsequent absorption of y rays in a uniform medium 
gives a maximum efficiency of only ~3% for the conversion of 
a nuclear spectrum into a y-ray spectrum of comparable 
: l pinent: Interstellar absorption, for the accepted distance of 
1 L4kpe (ref. 3), raises the observed flux to ~3 x 10°’ erg s™' in 
‘the region 10’ -10' eV. These are time-averaged fluxes. In a 
directed effect, in which an isotropic flux of protons or ions 
strikes an emitting/absorbing medium” and if the observed duty 
cycle is 0.1 (in ref. 2 it seems to be as low as 0.025), then we 
arrive at a heavy-particle emission of =10* erg s~', However, 
the total cosmic-ray energy injection rate required for the whole 
Galaxy is thought'*’> to be only 10°°-10"' erg s~'. Thus a single 
Cyg X-3 type source could supply the entire cosmic-ray demand 
up to particle energies of ~10’° eV. 
Hillas”? holds that Cyg X-3 can comfortably supply the ultra- 
nieh energy galactic cosmic rays in the energy range 10'° 
eV, but probably does not contribute substantially to the 
Ka energy flux. Does the observed y-ray flux necessarily 
nply such large proton fluxes, or are there are mechanisms 
which could supply the photon component more economically? 
e possible mechanism, curvature radiation’, is considered 
re because it has a very efficient transfer ratio between emitting 
icles. and emitted photons, and because it operates ‘with 
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as well as + electrons. For the 10'°-10"° eV band, 












16. Stel, H. V., vanderKwast, Th. H. & Veerman, E. C. I. Nature 303, 530-532 (1989). 
17. Kaufman, 2. J. & Sharp, P. A. Molec. Cell Biol, 2, 1304-1319 {1982}. : 

18. Clark, S. C. et al Proc. natn. Acad. Sci. U.S.A. 81, 2541-2547 (1984). 
19. Hopp, T. P. & Woods, K. R, Proc. nain. Acad, Sci. U.S.A. 78, 3824-3828 a981). 
20. Kyte, J. & Doolittle, R. F. J molec. Biol, 187, 105-132 (1982). 
21. Church, W. R. et al Proc. natn, Acad. Sci, U.S.A. (in the press). 
22. Takahashi, N., Ortel, T. L, & Putnam, F. W, Prac, natn, Acad. Sci. U.S.A 84, 390-394 84 
23. Gluzman, Y. Cell 23, 175-182 (1981). 
24. Sompayrac, L. M. & Dana, K. J. Proc. natn. Acad. Sei. U.S.A, 78, 7575- 7578 (1941) ie 
25. Luthman, H. & Magnusson, G. Nucleic Acids Res. 11, 1295-1308 (1983). 
26. Lee, M. L, Maglalang, E. A. & Kingdon, H. S. Thromb. Res, 30, 511-519 (1989) O° 
27. Kasper, C. K. Thromb. Diath. Haemorrh 34, 869-872 (1975). 
28, Hunkapillar, M. W., Lujan, Ea Ostrander, F. & Hood, L. E. Meth Enzym. 91, 227- 236) 
29. Woo, S. L C Meth. Enzym. 68, 389-395 (1979). 

30. Hastie, N. D., Held, W. & Toole, J. J. Cell 17, 449-457 (1979), 
3L Derman, E, ef al Celf 23, 731-739 (1981). 

32. O'Hare, K., Levis, R. & Rubin, G. M. Proe. natn. Acad. Sci. U.S.A, 80, 6917-692 (19) 
33. Shaw, P. H., Held, W. A, & Hastie, N. D. Cell 32, 755-761 (1983). 
34. Gubler, U. & Hoffman, B. 1. Gene 28, 163-269 (£983). 





















































protons or ions are required, but electrons might pioduee 
10''~10'? eV component: For the 10-10" eV interval, for 
there is some experimental evidence of emission'’ , there Ol 
be a combined effect, and indeed the phase of the 4. 8-h peri 
emission seems to change between 10’? and 10 eV. For eith 
proton or electron emission, however, there is a serious y- 
absorption problem, arising from pair production in the ma 
netic field of the pulsar'®. Ignoring this we can calculate, it 
units, the required power output. For a single particle of u 
charge, whether electron or proton, the power output in 
vature radiation is: 


W=2e*cy*/3r° 
With a characteristic y-ray energy 
hv = 2ahey*/r 


where r is the radius of the orbit, y = E/ mc? for eith 
or an electron, where E is the energy of the proton or 
For the 10'°-eV y rays we take r= 10% cm, for a fel 
extending from the pulsar pole to the velocity of light cylind 
The frequency v= 10°°Hz, and from equation (2) v 
y =3 x10” or y= 10°. Fora proton this gives a particle: 
of 10'* eV. For orbit radii <10° cm, W would be large, result 
in a rapid energy loss, so that the process would not work: 
Acceleration to this energy may Be electrostatic". Th 
field £s has a maximum value'* given. ` by 
10714? Br? P7? V em™' where B is the magnetic field and. 
the period; at 10'° G and 3 ms respectively we obtain afield 
~2x10"° Vem™' near the pole of the pulsar. The distance 
the velocity-of-light cylinder is only 10° cm, but in the abs 
of short- -circuiting effects, it is not difficult to obtain potenti 
in the region of 107° eV. An alternative possibility is the mec! 
ism of Gunn and Ostriker’’. 
The energy output in curvature radiation from a proton 
10" eV is given by equation (1): : 


2 25 x 10779 x3 x 10'° x 10°° 
10'° 





1 


= 10"? ergs”! or 30 erg cm” 


This is essentially equal to the electrostatic energy gainëd, 
that there will be equilibrium between emission and accelera 
For a flight distance 10’ cm to the velocity-of-light cylinder, w 
have an emission of 3 x 10° erg at a constant particle energy 0 
10 eV. To produce 3x10% ergs”' of y rays at 10 eV. 
require 10°° particles s™', each with 10'* eV or 10° erg, makin, 
a total energy flux of ~ 107° erg s”'. We assume that all parti 
escape on reaching the velocity-of-light cylinder. 
Therefore, the proton flux produced might be less: by m 
than two orders of magnitude than the y-ray flux, and five ord 
of magnitude less than the 10° ergs”! required by.the nuclea 
interaction. model. A similar calculation for electrons ‘hav! 
characteristic energies of 10'* eV results in a comparable energ 
requirement, about 10°% erg s™' of 10% eV electrons produ 











o 7 erg s 
magnetic and electrostatic fields are, of course, optimistic, but 
more accurate calculation would probably not differ from the 
ve by more than two orders of mangitude. 
There is, however, a severe difficulty in extracting the y rays 
‘om. the system without pair production in the magnetic field. 
ere will probably also be considerable but lesser geometrical 
ifficulties in producing the characteristic one or two narrow 
-ray pulses in the 4. 8-cycle. 
The condition for pair production i is B, E, > 10'*°, with B in 
auss and photon energy in electron volts'®, For E, =10" eV 
e transverse components of B must be < 10° G. With a surface 
id of 10'°G and an orbit radius of 10% cm this cannot be 
hieved, and escape would be possible, if at all, only from a 
sition very close to the velocity-of-light cylinder. The difficul- 
es are not quite so severe for 10'?-eV y rays. The field at 10’ cm 
uuld be < 10° G, and the angle between the photon trajectory 
field line could be < 107°, if the orbit radius were increased 
10°-10° cm. This, however, involves increases in electron 
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disk origin for superhumps 
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cataclysmic variables, SU Ursae Majoris stars’? are short- 


riod binary systems consisting of a red dwarf star that fills its 
‘oche-lobe and spills material to an accretion disk around a white 
-SU UMa systems undergo outbursts (episodes of increased 
transfer in the disk) of two distinct types: normal outbursts 
last a few days, and superoutbursts that last up to 2 weeks. 
erhumps are periodic ~30% brightness variations of unknown 

n seen only during the superoutbursts. The superhump period 
several per cent longer than the binary orbital period. Both the 
ion disk** and the red dwarf” have been proposed as possible 

for the superhump. Although superhumps occur in both 
sing and non-eclipsing systems, observations of the eclipsing 
ems Z Cha and OY Car may help to discriminate between 

e two classes of models. Whitehurst et al. have shown that 

the superhumps in Z Cha are not deeply eclipsed, and argue that 
humps therefore cannot originate in the accretion disk. In 

r starspot model, superhumps arise in a bright active region 

ted in the equatorial belt of the red dwarf. By contrast, the 

it curve synthesis results reported here show explicitly that disk 

els produce a shallow partial eclipse of the superhump light, 
tible with the eclipse depth measurements of Whitehurst et 
rovided the superhump source is not concentrated into a small 

| of the disk. The starspot model is shown to be inconsistent 

he observed shapes of superhumps unless radiation emerges 

i the starspot in a narrow (< 35°) fan beam with its long axis 

the direction of stellar latitude. 

Cha i is depicted in Fig. 1 as viewed from the Earth at three 
ferent orbital phases (#,,,). Deep eclipses of the optical light 
‘om the system are seen at or = 0.0 (Fig. 1c), when the red 
iwarf occults the accretion disk, but secondary eclipses are not 

seen at dow = 0.5 (Fig. La), when the disk occults one hemisphere 
of the red dwarf. Successive eclipses of the accretion disk occur 
progressively earlier in the superhump cycle, because the super- 









1 of y rays at 10'2 eV. The assumptions made about 





energies and Auxés to'a point “where ~ 10%. 10° ergs” gee E 


needed to produce 10°’ ergs“! of 10'-eV y rays. For protons 


and 10°-eV y rays itis difficult to see how the model can work 
without requiring particle fluxes approaching the 10° ergs 
demanded by the nuclear interaction model. 

Another model involves a black hole”. It is not yet clear 
whether y rays of 10° eV can be produced in this. Alternatively, 
emission by quantum synchrotron radiation from electrons in 


high magnetic fields is possible, but this seems to demand very. © : 


artificial geometries: electrostatic acceleration of the particles 
in a region essentially free from magnetic field, followed by 


almost discontinuous injection into the region of a high field. . a 


Otherwise, dissipation of particle energy by low-energy synch- 
rotron emission seems inevitable. Similar models with protons 


as the radiating particles seem to require unrealistically high a 


particle energies. 

The nuclear interaction model needs to be developed to see 
whether it can produce the experimentally-required spectra and 
nuclear constitution observed in cosmic rays. 
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hump period is a few per cent longer than the 107-min orbital 
period. Eclipse light curves thus probe changes in the structure 
of the accretion disk during the superhump cycle, and can be 
used to establish the site of the superhump source. 

To determine whether the superhumps in Z Cha are eclipsed, 
Whitehurst et al. measured the brightness of Z Cha at moments 
of minimum light, when much of the accretion disk is occulted 
by the red dwarf (Fig. 1c). To correct approximately for secular 
changes in the brightness of Z Cha during the superoutburst, 
the fluxes at mid-eclipse are first divided by fluxes at nearby 
phases that are not affected by either the eclipse or the super- 
hump. Complete coverage of the superhump cycle is achieved 
by combining measurements from three different superoutbursts. 
Whitehurst ef al. found that the normalized mid-eclipse fluxes 
increased by ~25% for eclipses that occur near the superhump 
peak, and were roughly consistent at all superhump phases with 
the expected fluxes for an uneclipsed superhump. Thus the 
superhump source in Z Cha is not deeply eclipsed. 





Fig. 1 Schematic views of the cataclysmic variable star Z Cha, at 
three different binary phases. The red dwarf star is severely distor- 
ted by tidal stresses induced by its white dwarf companion. An 
accretion disk surrounding the white dwarf is fed gas in a stream 
from the red dwarf originating at the inner lagrangian point. One 
hemisphere of the red dwarf is largely eclipsed by the disk (a), 
and a large area of the disk remains visible at mid-eclipse (ce): 
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g. 2 Synthetic light curves for a disk model of superhumps. 
iè upper envelope, giving the superhump light curve in the 
ibsence of eclipse a is produced in the model by modulating the 
surface brightness in the’ outer annulus of the accretion disk. 
Eclipses of the disk at different superhump phases are shown. a, 
A complete full annulus at the outer rim of the disk is modulated. 
The eclipse shapes in this. case remain similar throughout the 

me superhump. b, The modulation is confined to'a single point on the 
outer rim of the disk. The distorted eclipses found in this case are 
“not observed, ruling out a compact region on the disk as the site 
of superhumps. In both cases, the mid-eclipse flux is larger during 
the superhump because the accretion disk is only partially eclipsed. 





‘The absence of deep eclipses of the superhump light in Z Cha 
does not preclude a disk origin for superhumps. Although the 
‘bright central region of the accretion disk is eclipsed, a large 
fraction of the disk surface remains visible at minimum light 
(Fig. 1c). A superhump source that is broadly distributed on 
the face of the accretion disk therefore undergoes a partial 
eclipse which may be quite shallow, for example, if the super- 
hump light is distributed around the outer annulus of the disk. 
Thus, the eclipse depth measurements of Whitehurst et al. are 
compatible with partially-eclipsed superhumps produced in the 
accretion disk. Smak“ independently reaches this same con- 
clusion. 

The viability of a disk origin for superhumps is explicitly 
demonstrated by the synthetic eclipse light curves shown in Fig. 
2. Here the uneclipsed superhump light curve is the upper 
envelope of nine individual eclipse light curves, each centred 
ata different superhump phase. Fluxes at minimum light, 
- marked by stars in Fig. 2, increase during the superhump in the 
a manner required by the eclipse depth measurements of 
a tehurst et al. The times of minimum light are slightly 
advanced during the rise of the superhump, and delayed during 
: ine. Thus the eclipse phase shift discussed by Whitehurst 
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the context of the starspot model is also produced by. 
ee : n the accretion disk. The enpre shap t are not. ee affected 
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Fig. 3 The synthetic light curve for a rotating spherical 



























in b. The aT curve peak area by this starspot 
always broader than the observed superhump, because. th 
curves of point sources on the stellar equator (undarkened d 
fully limb-darkened cases are shown) are already too wide. Flux 

is given in arbitrary units. 


The qualitative behaviour illustrated by this simulation 
superhumps from the accretion disk is not sensitive to errors. 
the assumed geometry of the Z Cha system, to specific det: 
of the accretion disk model, or to the assumed spatial distrib 
tion and temporal development of the superhump light, provided 
only that the superhump source is broadly distributed on the 
accretion disk. The eclipse geometry (Fig. 1) is the same as th: 
assumed by Whitehurst et al. The accretion disk brightness 
distribution is a steady-state black-body accretion disk mc 
that roughly reproduces the shape and depth of the observ 
eclipses of ZCha during superoutburst. The red dwarf 
assumed to contribute no light. 

The uneclipsed shape of the superhump can be specifi 
arbitrarily and is therefore not an important feature of the 
simulation. The superhumps in Fig. 2 are produced by modula’ 
ing the temperature (T) of the outer annulus of the accre 
disk according to Tœ exp (—2 cos ¢,,), where ,, is the super- 
hump phase. This specific form is motivated by the mode 
Papaloizou and Pringle? in which mass transfer from the 
dwarf varies exponentially with small changes in the bina 
separation caused by a slightly eccentric orbit, while: the di 
crepant orbital and superhump periods are explained asa’ pre- 
cession of the line of apsides. 

If the superhump light curve in the absence of eclipses is 
known, the observed eclipse light curves give detailed inform 
tion about the spatial distribution of the superhump sou 
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Fig. 4 The starspot model fails to produce the sharply-peaked 
uperhumps observed in OY Car. Two models with different longi- 
tude resolution are shown. a and b are as in Fig. 3. 


y the superhump if, as in Fig. 2a, the superhump light is 
uniformly distributed around the outer annulus of the disk. A 
uperhump source confined to a compact region on the accretion 
isk produces highly distorted eclipses (Fig. 2b). Because such 
fistortions are not observed, the main source of superhump 
ight cannot be the white dwarf, the compact hotspot where the 
as stream from the red dwarf feeds matter to the accretion disk, 
r any other compact region on the accretion disk. More detailed 
modelling of the eclipse observations will refine our knowledge 
the spatial distribution of the superhump source, but this 
srogramme is complicated by the need to disentangle changes 
in the eclipse shapes from changes in the shape of the super- 
ump. The slow march of the eclipses across the superhump 
ight curve occurs on a time scale comparable with that for 
‘cular evolution of the superhump light curve itself. 
In the starspot. model proposed by Whitehurst et al., super- 
jumps are caused by a bright active region on the red dwarf. 
fhe discrepancy between the orbital and superhump periods is 
interpreted as a slight prograde rotation of the red dwarf in the 
rame of the orbital motion of the binary. The bright starspot 
st lie near the stellar equator to avoid occultation at ¢,,, = 0.5 
yy the accretion disk, because secondary eclipses are not 
observed. 
_ Synthetic light curves for the starspot model are compared i in 
igs 3 and 4 with the observed superhump light curves of OY Car 
and Z Cha. Observations of OY Car by Kzreminski’ are shown 
in Fig. 3a. Warner's observations of Z Cha, as given by Cook’, 
are shown in Fig. 4a (also Fig. 2 of Whitehurst et al). The light 
curves show typical examples of the large superhumps that 
-develop a few days after the start of a superoutburst. A constant, 
¿egual to the depth of the eclipse, is subtracted from the original 
data to remove the light of the accretion disk. The amplitude 
: of the brightness variation to be accounted for by the rotating 





spotted star is thereby underestimated, as part of the light visible _ 


at mid-eclipse is, in fact, from the accretion disk. The accretion 
disk eclipses, which occurred at dy, ~ 0.5 for Z Cha and dy, ~ 0.6 
for OY Car, are removed by interpolating observations before 

and after the eclipse. 2 

Light curves for the starspot model are computed by summing- 
contributions from an array of discrete sources distributed over 
the surface of the rotating star. The flux contributed by each 
visible source is given by f = f cos 6 [1 — B+ B cos 6], where 8 
is the angle between the line-of-sight and the normal to the 
stellar surface, f is the flux when viewed normally, and B is .. 
the limb darkening parameter. The first cos 0 factor accounts |. 
for foreshortening, while the term in brackets approximates limb. 
darkening for normal stellar atmospheres. The synthetic light | 
curves shown in Figs 3a and 4a are for a ring of 100 fully © 
darkened (B = 1) sources equally spaced around the equator of 
a spherical star. i 

The fluxes f are constrained to be positive but otherwise are - 
free to vary in fitting the observed light curve. Equatorial bright- 
ness distributions corresponding to the light curve fits in Figs 
3a and 4a are given in Figs 3b and 4b. In the effort to produce 
a sharp peak corresponding to the superhump, the stellar bright- 
ness distribution breaks up into five precisely arranged bright 
regions. The structure in the synthetic light curves around ¢,, = 
0.5 is also an artefact of this failed attempt to produce a sharp 
peak. Calculations with sources covering the full stellar surface, 
with limb darkening parameters in the range 0< B<1, using 
the correct Roche geometry, and including the eclipse. of the 
red dwarf by the accretion disk, give similar results. : 

All of the starspot models considered here fail to produce 
light curves as sharply peaked as the observed superhumps. The 
starspot models fail because the light curve for a point source 
on the stellar equator, shown in Fig, 3a for undarkened (B = 0) 
and fully darkened (B= 1) cases, is already broader than the 
observed superhump. Any extended brightness distribution must | 
produce an even broader peak. A bright spot at high stellar 
latitude produces a narrower peak by being visible for less than 
half of the rotation period, but such spots are ruled out by the 
absence of secondary eclipses. 

The starspot model is thus incompatible with the observed 
superhump light curves, unless radiation from the starspot is 
beamed to a considerably greater extent than the radiation from 
a normal stellar atmosphere. The sharply peaked superhump 
light curves require the starspot radiation to emerge with an 
angular full width at half intensity of about 35°, compared with 
90°- 120° for limb-darkened stellar atmospheres. As superhumps 
are seen in both eclipsing and non-eclipsing systems, this beam- 
ing must apply only to the direction of stellar longitude. Thus 
if superhumps arise on the red dwarf, some mechanism must 
be found to confine the radiation from the bright starspot to a 
narrow fan beam with its long axis in the direction of stellar 
latitude. 

Light curve synthesis techniques have been used here to clarify 
the direct constraints that are placed by the light curves of 
eclipsing SU UMa systems on possible sites for superhumps. 
These constraints apply without regard to the physical mechan- 
ism responsible for superhumps, because they depend only on 
the well-understood geometry of eclipses in a binary system. 
Superhump sites at high stellar latitude on the red dwarf are 
eliminated by the absence of secondary eclipses at ¢,., 70.5. 
Sites near the stellar equator are feasible only by invoking a 
narrow fan beam radiation pattern to explain the sharply pointed ` 
shapes of superhumps together with the occurrence of super- 
humps in both eclipsing and non-eclipsing systems. The shapes 
of superhumps do not directly constrain disk models, in which 
the superhumps are produced by time variation rather than by 
occultation of the superhump source. The absence of deep 
eclipses of the superhump light- in Z Cha, and the shapes of 
eclipses that occur during the. superhump: peak independently 
rule out compact sources on the accretion disk. There is no. 
apparent conflict between the extant eclipse observations and 
a superhump source that is broadly distributed over the face of 
















the accretion disk. A more delicate analysis of the eclipse light 
curves should sharpen the observational constraints on the distri- 
ion of superhump light on the face of the accretion disk. 
[| thank G. Bath, B. Warner and J. Pringle for useful dis- 
` cussions. 
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Aluminium is the most abundant metal in the Earth’s lithosphere 
< and is present in many commercially important materials. Recent 
dies on its role in zeolites’ and proposed solar energy storage. 
schemes involving. aluminium salts? have led to renewed interest 
analytical methods capable of identifying and characterizing 
ifie crystalline „sites. In particular, new techniques are 
necessary which do not require single crystals, One such technique 
"is Fourier transform nuclear quadrupole resonance (NQR) with 
"pulsed field cycling®*, and we report here on its application to the 
determination of specific *’ Al sites in model aluminium compounds, 
the alums. 
In crystalline compounds, aluminium occurs most often with 
‘either four or six nearest neighbours, Tetrahedrally coordinated 
aluminium is the catalytically active centre in zeolites, where 
each. 7’Al atom is believed to be surrounded by four O-Si 
linkages. The octahedral form, as characteristically found in the 
alum family, surrounds each *’Al site by six bonds (often to 
-H,O molecules). Much work has gone into characterizing these 
Sites. In powder samples, the NMR spectra are very broad and 
‘the methods used to obtain information have been two- 
_ dimensional solid state NMR° and magic angle sample spinning 
(MASS) NMR'. Although the latter technique has proved useful 
zin studies of 7°Si in zeolites™®, its applicability to aluminium is 
limited because of the small dispersion i in *’Al chemical shifts 
and the line broadening arising from quadrupolar effects, with 








the result that it generally reveals only the difference between _ 


-tetrahedral or octahedral sites” me except in rare cases of resol- 
ution between tetrahedral sites''. As an example, Fig. 1 shows 

. MASS spectra of FAL in two closely related materials, the 
ammonium and potassium alums (NH,AKSO,),°12H,O and 
KAI(SO,),:12H,O). This technique reveals no difference 
between these two samples. 

In contrast to high field NMR techniques, magnetic resonance 
should readily differentiate between signals from similar sites 
in a zero applied magnetic field; we rely in this instance on the 

erent chemical sensitivity of the nuclear quadrupole interac- 
to resolve structural differences. The quadrupolar interac- 
i arises from the coupling of a non-spherical nuclear charge 
ution (characteristic of any nucleus where J, the nuclear 
momentum operator, is less than 3) to molecular and 
iç field ate In *7Al sites sof high symmetry, 
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Fig. 1 77Al magic angle spinning spectra of representative alums. 
Spectra are observed at 78.2 mHz at a spinning rate of 4kHz. 
Chemical shifts are referenced to AI(H,O)2*. The mixed alum 
sample is 56 mol% potassium alum, 44 mol% ammonium alu 


B= Bo + By + By 


Fig.2 Schematic diagram showing the effective field at the sample. 
asa function of time, The sample‘is pneumatically transported 
from the bore of superconducting magnet By to a point where B; 
accurately compensates for the fringe field: Coil B, (0.03 T) i 
switched off for a time t; during which pure quadrupolar evolution 
occurs. After returning the sample to Bo, the high field magnetiz 
ation, S(t), is measured. The cycle is repeated for equally spaced 
points in ft, until no further change in magnetization is observed 
Fourier transformation of the magnetization as a function of. A 

results in the zero field spectrum. ' 



















the magnitude of the field gradient term is small. Direct detectio: 
of the pure NQR transitions is thus difficult (as the energy 
splittings are smail'?). 

We instead used the chemical sensitivity of pure NQ BE 
combination with the high signal-to-noise ratio associated wi 
observation of NMR in large applied magnetic fields. This 
done by cycling the magnetic field between a large value and 
zero, and is accomplished in two steps (see Fig. 2): first, the 
sample is mechanically transported from the bore of a supercon: 
ducting magnet and then the residual field is pulsed to zero with . 
electronically switched coils. If the second stage occurs quickly- 
relative to the quadrupolar frequencies, the spin system in zero 
field oscillates at frequencies characteristic of the pure quad- 
rupolar coupling. This. oscillation is interrupted at time 7, by 
reapplying the field. The sample is then returned to high field. 
where the signal amplitude is monitored. This field cycle s 
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Fig. 3. ?’Al Fourier transform pure nuclear quadrupole resonance 
pectra of representative alums. Each site contributes two lines to 
the zero field spectrum. 7, asymmetry parameter in the quadrupole 

tensor, was calculated to be 0.17 for potassium alum and 

ammonium alum. Respective values of 391 and 438 kHz were 

tained for the quadrupole coupling constant, (e*qQ)/h, where 

is the nuclear quadrupole moment, eq is the electric field 

ient, and h is Planck's constant. The pair of high frequency 

es in the mixed sample (56 mol% potassium alum, 44 mol% 

ammonium alum) clearly indicate the existence of two distinct 
sites. 


epeated with different, equally spaced values of t, to give an 

interferogram which describes the evolution of the spin system 

zero field and which, on Fourier transformation, yields the 
ero field spectrum. 

‘or a spin-3 nucleus such as *’Al, we expect to observe a pair 
lines for each crystalline site. (In aluminium compounds 
ere the crystal symmetry is low, a third line of low intensity 

lay be observed.) Figure 3 illustrates the results for the two 

lums whose MASS spectra are shown in Fig. 1. Despite nearly 

identical crystal structures and high field NMR spectra, the zero 

id nuclear quadrupole experiment clearly differentiates 

een the two types of aluminium nuclei. We expect that even 

re sensitive differentiation will be possible between 7’Al sites 
ther systems such as zeolites. 
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The mechanisms by which trace and radiogenic elements are held 
and transported in the Earth’s mantle are of prime importance in 
studies of basalt petrogenesis and the chemical processing of the 
mantle. While such mechanics include the migration of melts and 
the convective physical admixture of differentiated material’, the 
role of fluids as transport agents has attracted much interest, 
especially, in regions affected by kimberlitic activity’, continental 
basaltic volcanism**, and in areas of subduction-related magmatic — 
activity’*, The observation that many incompatible elements are 
readily leached from garnet Iherzolites by dilute acid treatment’ 
has led to the assumption that a proportion of these elements is 


located on grain boundaries, rather than in solution in the various 


minerals present. This indirect. evidence is reinforced by com- 
parison of the compositions of mineral separates with their bulk 
parental material**". Although careful electron microprobe 
analyses have made it possible to detect minor and trace elements 
within grains’, the low concentrations involved, together with the 
high X-ray background of the electron microprobe, have made it -7 
impossible to investigate the supposed distribution of incompatible 
trace elements on grain boundaries. We have measured directly, 
using a high-resolution proton microprobe”, the distribution of 
Sr and other elements in a garnet lherzolite xenolith. The analyses | - 
demonstrate that, in this sample, Sr is preferentially concentrated 
along grain boundaries. 

An inherent limitation in the use of the electron microprobe 
to analyse very, small concentrations of elements lies in the 
substantial non-characteristic X-ray background caused by elec- 
tron bremsstrahlung. This is very much reduced when a proton 
beam is used to excite X rays in a sample because the enormously 
increased mass of the proton minimizes the amount of deceler- 
ation near the target. In the present experiments, the specimens 
were analysed by using a 4.0-MeV proton beam to excite charac- 
teristic X rays in the samples, The beam was focused electromag- 
netically to a spot diameter of 2 jm and ‘was rastered over. an 
area of up to 4 mm x4 mm. The samples were prepared as 30-um 
thin sections and the X rays generated were detected and ana- 
lysed using a Link Si(Li) detector system. As the penetration of 
a proton beam is much greater than that of a beam of electrons > 
in an electron microprobe, the sections were mounted on glass _. 
slides using Lakeside 70 thermoplastic resin as a mounting 
medium. The sections were then removed from the glass slides 
by gentle heating and remounted over l-cm holes machined in 
aluminium target holders to remove any possibility of X-ray |. 
generation in the specimen backing. The resulting targets were 
finally washed carefully in acetone to remove any traces-of resin. 
Samples were irradiated for —10 h using a 50 wm Al filter to cut 
out the low-energy X-ray background, and maps of the distribu- 
tion of X rays from major and trace elements in the samples 
were built up as 256 x256 pixel images. As the proton beam 
penetrated right through the thin samples used, the transmitted 
beam current was also. continuously measured for each pixel so 
that the effects of any fluctuations. in beam. current could be 
corrected. A detailed description of the Oxford proton micro- 
probe system is given elsewhere*"", 

Figure | shows elemental maps for the. distribution of Ni, 
Mn, Cr and Sr in a 4mm 4mm area of a. granular garnet 


















Fig..1 Elemental X-rays maps of 
the distribution of Ni (a), Cr (5), 
Mn (c) and Sr (d) in a 4x4mm 
thin section of a coarse garnet lher- 
zolite xenolith. obtained using the 
proton microprobe. Ni, Cr and Mn 
are present within the mineral 
grains, but Sr is concentrated on 
the grain boundaries, Dark areas 
indicate high concentrations of the 
elements. 




















therzolite xenolith (MK 15) collected from the Bultfontein 
dumps. The images were displayed in false colour according to 
«the number of X-ray counts per pixel, but are reproduced here 
+s black and white photographs in which the dark areas represent 
the highest concentrations, The section consists of an angled 
: “grain of orthopyroxene (Cr- and slightly Mn-rich and Ni-poor) 
“surrounded by Ni-rich olivine, and there is no obvious zoning 
dn the concentrations of these elements. In marked contrast to 
the distribution of Cr, Mn and Ni, the map of Sr distribution 
shows almost: no Sr in the interiors of the grains; instead, Sr is 
concentrated along grain boundaries in the- specimen. The Sr 
was clearly introduced into the rock after its present texture had 
formed and comparison with the thin section shows that it is 
located on the serpentinized grain boundaries and cracks in the 
mineral grains. 

To provide an estimate of the concentration of Sr represented 
in Fig. 1, the data were calibrated by analysing samples of 
clinopyroxenes which had been analysed previously as mineral 
separates by isotope dilution'*. The standards were also pre- 

_ pared as 30-um thin sections and data were collected from each 
‘standard as the number of Sr-K,, counts per nanocoulomb of 
eam charge deposited on the target. A plot of the count rates 
ainst the Sr-contents of the three. clinopyroxenes used as 
ndards is given in Fig. 2. The Sr concentrations along the 
in boundaries of the garnet lherzolite xenolith, shown in Fig. 
roduced 6-36 counts per nanocoulomb per pixel correspond- 
ja range of 100-600 p.p.m. 
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Fig. 2 Calibration of Sr count rates. The number of counts 
nanocoulomb of deposited proton charge is plotted again 
concentrations of clinopyroxenes which had been analyse 

by isotope dilution. ; 




































Fig. 3 Elemental X-ray maps 
the distribution of Ni (a), 
and Sr (c) in a thin section 
a mosaic porphyroclasti 
lherzolite zenolith. In this: sp 
men, Sr is distributed lik 
trace elements within: 
grains and there is no sign 
process which caused 
centration of Sr on grain | 

aries in the specimen in. Fig. 








































































Although it is highly unlikely that Sr at these levels: co 
have been introduced: into the sample during preparatio: 
thin section, a second garnet lherzolite sample was selected a! 
prepared in the same way for analysis. This sample.(B 
had a mosaic Porphyroclastic texture'*, and was known, on 
basis of previous studies”, to be, of all the xenoliths, o 
the least affected by acid leaching. Elemental ‘maps were buil 
up as before and the images for Sr, Ni and Cr in a 4mm 
section are shown in Fig. 3. The area analysed contai 
clinopyroxene and garnet grains at the top and bottom of 
photographs respectively, separated by a larger Ni-rich olivin 
grain. The results are in marked contrast to the data shown in 
Fig. 1 and indicate that, in this sample, there is no detectable 
concentration of Sr on grain boundaries. Instead, the Sr i 
present within the mineral grains, the majority being in the 
clinopyroxene, but with detectable levels in the garnet also. The 
absence of Sr located along grain boundaries in this secti 
therefore, makes it unlikely that the data shown in. Fig. 
an artefact of sample preparation. 














ation of Sr on serpentinized grain boundaries. in certain 
mples from the upper mantle and strongly suggest the role of 
n aqueous fluid as the transporting agent. They also indicate 
he success of the high-resolution proton microprobe as an 
trument for determining the concentrations and spatial distri- 
tion of trace elements in geological samples. Detailed isotopic 
vork on the timing and nature of the event responsible for the 
ntroduction of Sr into the xenolith shown in Fig. 1 will be 
resented elsewhere (D.G.F. and S. Beswetherick, in prepar- 
tion). : 

_D.G.F. acknowledges financial support from the NERC and 
€ Anglo-American Corporation, We thank Dr S. Beswetherick 
or providing the analysed specimens used as calibration points. 
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itinental. rifts are possible analogues of mid-ocean ridges, 
igh major plate tectonic features are less clearly observed’. 
urrent thermal models of mid-ocean ridges”~* consist of solid 
ospheric plates overlying the hotter, less viscous asthenosphere, 
Plate thickness increasing away from the ridge axis. The 
pheric lower boundary lies at or near the melting point 
rm, so that at greater depths higher temperatures account 
er viscosity, lower seismic velocities and possibly partial 
. Upwarp of this boundary at the ridge axis concentrates 
at there, thus lowering densities by expansion and raising the 
floor to the level of thermal isostatic equilibrium. At slow 
spreading ridges, a major central graben forms owing to the 
mechanics of magma injection into the crust“. Topography, heat 
flow, gravity and seismic studies support these models. On the 
continents, a low-velocity channel has been observed, although it 
poorly developed beneath ancient cratons*’. Plate tectonic 
els have been applied to continental basins and margins", 
| further. similarities to the oceanic models remain elusive. 
‘opographic uplift is often ascribed to Airy type isostatic com- 
sation caused by crustal thickening, rather than thermal com- 
tion in the asthenosphere. Here we discuss the Rio Grande 
ft, in southwestern United States, Teleseismic P-wave residuals 
_ that regional uplift is explained by asthenosphere uplift 
rather than crustal thickening. 

_ The Rio Grande rift extends for at least 950 km from central 
Colorado through New Mexico into Mexico. It separates the 
Great Plains to the east from the Colorado plateau and basin 











preliminary results provide direct evidence for the 
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Fig. 1 a, East-west Bouguer gravity profile across the United 

States at latitude 37° N. The Valles caldera and Rio Grande rift 

lie within the most negative trough. b, Three-dimensional perspec- 

tive view of Bouguer gravity showing locations of teleseismic 

stations, and Rio Grande River (---). c, Three-dimensional per- 

spective of topography showing regional uplift, which is inversely 
correlated to the gravity of b, 


and range province to the west and lies just east of the continental 
divide'*. Figure 1 shows the transcontinental Bouguer anomaly 
at 37° N latitude, which crosses the rift along the New Mexico- 
Colorado border. The rift lies in a region containing the most 
negative Bouguer anomalies in the continental United States. 
Figure 1b and c are three-dimensional perspectives of the 
regional gravity and topography, which at long wavelengths are 
inversely correlated. Our experiment investigates whether the 
basis of the correlation is crustal or asthenospheric. 

Rayleigh wave depths to the continental low-velocity zone of 
the asthenosphere range from about 70km (refs 8, 9) in the 
Great Basin of Nevada and western Utah to 83-145 km (ref. 7) 
in the south-central part of the continent. Although the gravi 
and topography variations of Fig. 1b, c have been attributed'*"> 
to such undulation of lithospheric thickness, the boundary shape 
has not been determined directly. To probe the Earth to this 
depth, a high-energy seismic source is required. This is most 
conveniently supplied by distant earthquakes in the form of 
teleseismic waves. s 

The teleseismic. P-wave technique'®'* consists of timing 
arrivals from distant earthquakes and subtracting from them 
tabulated” arrival times for a laterally homogeneous Earth. Any 
residuals remaining are attributed: tò lateral heterogeneity 













beneath the seismic array, because distant heterogeneities, such 

s those at the source, will be attenuated by geometric spreading. 

Incidence and azimuthal angles are calculated from source 

parameters using a standard Earth model. The pattern of 

residuals has been observed to shift in response to different 
incidence and azimuthal angles in the incoming waves. Given 

-enough rays at different angles, the data can be inverted to 

determine velocity at depths of up to about half the array 

dimension, with a resolution equal to station spacing near the 
-surface but decreasing with depth. 

“ai Figure 2 shows the locations of the 20 recording stations along 
- the 1,000-km line used for the 1982-83 experiment. A north- 
““west-south-east orientation was taken because teleseismic 
_- sartivals lie predominantly along this azimuth so that rays from 

> the north-west and south-east intersect in regions lying beneath 

- the array. The array ran from late November 1982 until late 
© January 1983. 

Of the 60 earthquakes recorded, 40 have sufficient signal-to- 

noise ratio to be used in an inversion. Twenty-five of these lie 

— along the array azimuth. The relative P-wave arrival times can 

; be measured to 0.1s. Residuals are found by subtracting travel 
times, obtained from the Herrin” tables, from the arrival times. 

Relative residuals, formed for each event by subtracting the 

mean from the raw residuals, are plotted in Fig. 3a. Some of 

“the scatter is due to changes of the residual pattern with the 

incidence and azimuthal angle. 

Additional assumptions must be made if we are to find an 
unequivocal interpretation for the residual pattern. Therefore, 
we assume that the regional shifting pattern is mainly due to 
upwarp of the asthenosphere-lithosphere boundary, that local- 
ized heterogeneity gives rise to the small-scale variations, and 

“that the boundary in the vicinity of our array is approximately 
two-dimensional with a north-south strike. We used synthetic 

‘models to test for a way of inverting for such a boundary and 

decided on two methods: (1) downward projection of the data 

to give the boundary shape directly*’ and (2) the two- 
dimensional'®”*? damped, least-squares block method to give 
the averaged velocity distribution. Both methods gave similar 
results (Fig. 3b, c). 
The projection method assumes that the interface is not too 
. deep and that velocity contrasts are not too extreme, so that a 
straight ray and plane wave approximation for the teleseismic 
‘waves is adequate. The arrival time residuals will then be pro- 
portional to the length of the ray in the anomalous velocity 
zone, with the proportionality dependent on. the velocity con- 
trast. The raw residual pattern gives a distorted picture of the 
interface—it is projected onto a rotated axis—but as we know 
the angle of incidence, we can transform the projection to regain 
the original shape. The transformed patterns are then projected 
down each ray and the position of maximum overlap determines 

: -the true depth. Maximum overlap was determined by minimizing 

=the sum of squares of residuals to a sixth-order polynomial fit 
“by varying both depth and velocity contrast. Figure 3b shows 

the best-fit model which has a depth range of 70-200 km and a 
P-wave velocity contrast of —8% relative to a value of 8kms™! 
above the boundary. The average misfit of the polynomial to 
the data was 0.3 s. 

The block model involves dividing the region into two- 
dimensional. blocks and determining the velocity perturbations 
that give the observed delays. After running a series of tests to 
determine the uniqueness and minimum parameterization of the 
block model and having found an optimal model, we tested the 
hypothesis that all the residuals are due to slowness located in 
the crust or upper lithosphere rather than at depth. The 
hypothesis was rejected at the 99.9% confidence level: the data 

-require a deep low-velocity zone. Thus, the model we present 

. (Fig. 3c) has interfaces at 40, 70 and 200 km. A block width of 

100km was chosen because our station spacing ranged from 

30to 140 km. The main feature of this-model is a spatially 
yherent 500-km broad, low-velocity zone of —0.35% to ~5.1% 

n the depth range 70-200:km. Smaller variations in 

o layers are incoherent. Incoherency was also found 
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anomaly measured along the teleseismic array compare: i 

gravity calculated from the polynomial model of b. 








ional layer, 





model. The negative anomaly remained unaffected. Standard 
rs given by the least-squares solution are all ~0.6%. The 
nal elements of the resolution matrix ranged from 0.55 in 
top layer to 0.86 in the lowest layer. Average misfit for the 
il model is 0.297 s. 
he Bouguer gravity anomaly calculated for both the poly- 
mial model and the block model shows good agreement with 
> Measured data for the area. Figure 3d shows the fit for the 
ravity values calculated from the polynomial model for which 
¢ adjusted density contrast in the low-velocity zone gave a 
lue of -0.05 gcm™, that is, ~1.6% of 3.2 g cm™°. The ratio 
velocity to density contrast, 5.0, is much larger than expected 
əm the Nafe-Drake™ relationship determined from different 
yes of igneous rock, which gives a value of ~0.8. Such an 
ease in the sensitivity of velocity to change in density is 
nsistent with the presence of a small fraction of partial melt 
in the low-velocity zone which, while having little effect on 
ensity, will have a disproportionately larger effect on shear 
iodulus and hence P-wave velocity. High attenuation supports 
is view. P-wave amplitudes measured at Albuquerque, which 
s on the rift, are among the most attenuated of those measured 
standard stations in the United States”. Greater attenuation 
seen only at Golden, Colorado, to the north, on the Rocky 
lountain front, 
¢ topography also agrees qualitatively with that in isostatic 
ance with the polynomial model, that is, in thermal isostatic 
librium. Therefore, the model we assume to explain the 
seismic delays, attenuation’, gravity, uplift'*'>, regional 
ow” and the presence of tifting and volcanism, is based 
10t, low-density asthenospheric body which has replaced 
thosphere by upward movement of the lithosphere- 
osphere boundary. Such migration of the melting point 
rm might be caused by either lithospheric extension? or 
nvection?” in the upper mantle and requires further 
tive work to elucidate the mechanism. Nonetheless, the 
ty has a configuration expected to exist in a region as a 
to the opening of oceans and continental drift. Although 
lynomial fit of Fig. 3b shows some agreement with lithos- 
depths determined from Rayleigh waves, other points 
still unresolved. Where low P-wave velocities have been 
ciated with low S-wave velocities™?®?? in the low-velocity 
, the per cent reduction in P-velocity is about half that in 
city. Our model reduction in P-velocity is —-8%, implying 
precedented. regional reduction of S-velocity of —14%. 
he low-velocity zone has been associated with increased 
ity values’*, which is opposite to our conclusion. If we 
promise between less P-wave velocity perturbation and 
ased amplitude of the variation of the boundary, the flanks 
be placed too deep for them to interface with surface 
models of lithospheric thickness. Therefore, if asthenos- 
upwarp is to explain the gravity, topography and teleseis- 
lelays, the properties of the asthenosphere in this region 
st differ from those encountered elsewhere. However, we 
t expect this, as it underlies the most negative region of 
ast-west, continental Bouguer gravity profile (latitude 37°, 
is work was supported by grants from the University of 
ornia, Los Angeles, and the Institute of Geophysics and 
netary Physics at Los Alamos National Laboratory. 
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Enhanced preservation of marine-derived 
organic matter in Cenomanian black 
shales from the southern Angola Basin 
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Black shales possessing high concentrations of organic carbon! 
were deposited in many parts of the proto South Atlantic Ocean 
during the Cretaceous period”. The way such sediments accumu- 
lated is not fully understood, but is likely to have occurred through 
a combination of low oxygen availability and abundant supply of 
organic matter. Thin, centimetre-thick layers of black shales are 
commonly interbedded with thicker layers of organic carbon- 
deficient, green claystones, as found in strata of Aptian to Coni- 
acian age, at Deep Sea Drilling Project (DSDP) Site 530, in the 
southern Angola Basin? and elsewhere. These differences in carbon 
content and colour reflect the conditions of deposition, and possibly 
variations in the supply of organic matter**. We have compared, 
using organic geochemical methods the compositions of organic 
matter in three pairs of closely-bedded black and green 
Cenomanian claystones obtained from Site 530. Kerogen analyses 
and distributions of biological markers show that the organic 
matter of the black shales is more marine and better preserved 
than that of the green claystones. 

The results of the analyses are presented in Table 1, X-ray 
diffraction studies do not show any significant differences 
between the mineralogical contents of the black and green 
claystones. Furthermore, the pyrite content of adjacent intervals 
is similar: its relative abundance seems to depend more on the 
depositional setting than on the amount of organic matter in 
the sediments. 

Values of total organic carbon, however are significantly 
higher for the black shales than for their green claystone pairs. 
Modern deep-sea sediments generally contain ~0.2% organic 
carbon®. Values as high as in these black shales are found in 
only a few areas of present-day oceans’, which are under anoxic 
or poorly oxygenated bottom-waters. A rare combination of 
abundant supply and exceptionally good preservation of organic 
matter is needed for such organic carbon-rich sediments to 
accumulate. 

Visual kerogen analysis of the green and black claystones 
shows that both contain two populations of vitrinite and amor- 
phous kerogen. Whereas the indigenous vitrinite content indi- 
cates that the samples are thermally immature, Fig. 1 shows that 
the green claystones differ from the black shales in containing 
a larger amount of recycled vitrinite having a higher thermal 
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Fig. 1 Vitrinite reflectance histograms of composite samples of 
$ Cenomanian black shale (a, mean = 0.545, median = 0.535, s.d. = 
0.195, count = 37) and green claystone (b, mean = 0.457, median = 

= 0:450, s.d. = 0.113, count =35) from DSDP Site 530 in the Angola 
Basin. Hatched area respresents indigenous population. 


. maturity. Similarly, populations of spores present in the green 


¿claystones range from transparent to dark orange, indicating a 


wide range of thermal maturities, whereas the black claystones 
-ontain primarily light-coloured, thermally immature spores. 
Also the amorphous kerogen of the green claystone is ~85% 
“fluorescent compared with 100% in the black shales. Because 
thermally immature amorphous kerogen is highly fluorescent, 
the lower. percentages in the green claystones suggest they con- 
: tain a significant amount of nonfluorescing detrital material. 
The presence.of two populations of both vitrinite and amorphous 
kerogen, indicated as in Fig. | by the vitrinite reflectance his- 
tograms, and by visual inspection, implies there are differences 
in the organic matter intake and preservation of the two clay- 
stones. 
The mean value of organic matter C/N atomic ratios is much 
. greater for the black shales (38.1) than for the green claystones 
< (5.7) andi is typical of C/N ratios of cellulosic land-plant organic 
-o matter’. The "°C content of organic matter in black shales from 
< Site 530 is generally less than in green claystones. This difference 
ìn isotopic compositions could mean there is a larger component 


ta. Characterization of organic matter by kerogen analysis, 
wever, shows that the black shales of the Angola Basin contain 


reen claystones™™"?, 


f land-derived organic material in the black than in the green. 


morphous kerogen, indicative of their aquatic origin, 
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Fig. 2 Gas chromatograms showing extractable aliphatic hy 
carbon distributions of adjacent samples of black ta) 


rich in ne, such as amino acids and carbohydrates, Mar . 
been selectively degraded, as reported i in sediments from M 
grove Lake’, resulting in reduced °C in the residual org 
matter of the black shales. Poorer preservation in 
claystones has led to losses of all but the most resistant 
of organic matter. 

Geolipid data agree with this picture of selective preservatie . 
Concentrations of total hydrocarbons, fatty acids, and fat 
alcohols are significantly greater in the black shales than in th 
adjacent claystone (Table 1), yet these ‘geolipids often.constitu 
a smaller fraction of the total organic matter in black shal 
than in green: claystones’, which is consistent with great 
preservation of the more degradable, non-lipid organie m 
components in the black shales. 

The hydrocarbons in the samples are a combination of ci 
pounds either introduced as such to the sediments or generated 
during diagenesis. The large amounts of aliphatic and arom 


hydrocarbons, in contrast to the smaller amounts of 








adjacent Cenomanian black shales with green claystones from DSDP Hole 530A 
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Fig 3 -GC-MS mass fragmentograms of steranes, triterpanes, and 
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amples for geochemical comparison, taken from ~1,020 m sub-bottom depth, were selected onboard ship and immediately frozen to protect 
eit organic matter. Analysis of organic carbon and of solvent-extractable geolipids were done as described elsewhere'*. Kerogen was isolated by 
ieralization and flotation, and analysed microscopically in both transmitted and reflected light. Bulk minerology was determined by X-ray 
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' } diterpanes extracted from black and green claystones from DSDP Hole 
0A. The labelled. steranes possess unaltered biological $-a(H), 20-R configurations. The Cy» to C;; triterpane: 
configurations. unless labelled.as BB. Hopenes are indicated by *, and moretanes ( 


ve 17-a(H), 21-B(H) 
A(H), 21-a(H) configurations) by M. 

























cand alkanoic acids in all samples, suggest that a significant 
amount of these components were generated after deposition 
and, hence, may reflect diagenetic processes rather than selective 
¿preservation as suggested for the more labile compounds. 
' Whereas both types of sample have relatively large amounts of 
long chain (> C5) n-alkanes with a pronounced odd-carbon 
preference, suggesting terrigenous input, Fig. 2 shows that the 
black claystones also contain significant amounts of shorter 
chain n-alkanes and branched and cyclic hydrocarbons, which 
ate not present in the green claystones'*'*. These aliphatic 
«hydrocarbons and the larger quantities of C relative to Cag 
“sterane, which are more evident in the black than in the green 
claystones (Fig. 3), suggest somewhat more aquatic input to the 
black claystone. In addition, the presence of diterpanes, pre- 
„dominantly C; and Czo, in the green claystone, which are absent 
from the black claystone (Fig. 3) suggests the input of mostly 
'terrigenous, microbially-altered material to the green clay- 
stone". The unidentified peaks in the m/z 191 trace of the 
< black claystone probably represent tetracyclic terpanes of 
unknown origin. Hence, the hydrocarbon analysis agrees with 
the character of the organic matter intake suggested by the visual 
_ kerogen analysis. 
The triterpane distributions are quite similar (Fig. 3): both 
“types of sample exhibit abundant 17-6(H), 21- B(H)- hopanes 
which indicate a low degree of thermal maturity'’, Both the 
triterpanes present and the occurrence of predominantly biologi- 
cal configurations (that is, 14-a(H), 17-a(H), 20-R)'° of the 
steranes support the low maturity indicated by vitrinite reflect- 
ance and spore colourations, and confirms that the recycled 
populations do not significantly contribute to the lipid content 
of these samples. 

Comparison of distributions of n-alkanoic acids and n- 
alkanols reveals that the black shales contain relatively greater 

- proportions of terrigenous than of marine components of these 
eolipid classes'*. Because acids and alcohols are more subject 
degradation than’ hydrocarbons, the difference in source 
aracter for these geolipid classes again suggests that selective 
a preservation has occurred in the black shales. 

The comparisons of organic matter contents confirm that black 
shales at DSDP Site 530 in the Angola Basin record periods of 
enhanced preservation of marine, as well as terrigenous, organic 
material which is superimposed on a low background of residual 
land-derived material’, Adjacent green claystones exhibit 

evidence of burrowing benthic animals and show | that bottom 
waters must have been oxic in Cretaceous times®’. Because 
these Cenomanian sediments contain abundant turbidite 
sequences, the black shales probably represent episodes of 
downslope redeposition of sediments originally laid down in a 
midwater anoxic layer which impinged on the African continen- 
tal slope”, Such sediments, rich in organic matter from high 
marine productivity, must have been rapidly redeposited in the 
Angola Basin in order to preserve organic substances in an oxic 
“environment. An important implication of this scenario is that 
deep-ocean black shales can result from local or regional events 
of short duration which do not involve global oceanic anoxia. 
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A model of estuarine circulation 
in the Pliocene Mediterranean 
based on new ostracod evidence 
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The recent discovery of the psychrospheric ostracod Agrenocythe i 
pliocenica (Seguenza) in Zanclean marls of eastern Crete! expand: 
the reach of early Pliocene deep-oceanic circulation far into 
eastern Mediterranean. Current models of Pliocene water-mass 
circulation, though allowing for the Atlantic psychrosphere to flo 
freely into the western basin, consider the eastern basin as being 
largely stagnant’. I propose here a new model of estuarine cire 
tion affecting both west and east Mediterranean. This circulation 
was associated with increased atmospheric humidity and drive 
upwelling. The model is compatible with organic-rich sedimenta 
tion in parts of the eastern Mediterranean and does not imply ar 
excessively deep or wide connection with the Atlantic. 

The term ‘psychrosphere™ denotes, in an ecological sense 
the cold (temperatures <8-10°C), dense bottom-waters o h 
world ocean that are directly derived from the polar regio 
The benthic ostracods inhabiting this environment include 
group of highly characteristic genera, among. them 
Agrenocythere, whose occurrence is virtually restricted to the 
waters. The depth at which these ostracods occur is general 
> 500 m (ref. 2). In lower latitudes, they live at greater dept 
than in higher latitudes and upwelling regions’. Agrenocy. er 
is typical of the upper psychrosphere: recent species are m 
likely to be found at depths of 1,000-1,500 m; the known de 
range of the genus is 400-3,850 m (ref. 6). 

In the modern Mediterranean, the temperature of deep 
tom-water is ~13 °C’. Hence, recent faunas of this sea do ne 
exhibit any typically psychrospheric ostracods, However, severe 
such forms are recorded from Pliocene and earlier sedimen 
the Mediterranean region’. Figure 1 shows A. pliocenica foun 
in Crete! which supports an earlier, doubtful identification o 
a single Specimen in the Zanclean of DSDP Site 378 in the sou 
Aegean*. All other spots where this species has been found li 
much more to the west®"!”; Sicily and southern peninsular Ital 
are the easternmost localities known so far. This new fi 
eliminates any doubt that Pliocene psychrospheric circulatio: 
did press far into the east Mediterranean. 

A. pliocenica first appeared in the Mediterranean in th 
Globorotalia margaritae zone (see Fig. 2 for the epochs, stage 
and biozones mentioned in this paper). In Italy, this specie 
ranges up to the early Pleistocene’. In Crete, we have foun 


Fig. 1 A. pliocenica (Seguenza) from Zanclean marl (c. mar- 
garitae zone), Xerokambos, southeastern Crete, Greece. Left valve 
of a male. Length of specimen 1.4 mm. : 
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_ Fig. 2 Shows the relation of epochs, stages and biozones men- 
tioned in the text. The Zanclean is intended to be synonymous 
“with the Tabianian used by other authors to denote the earliest 
part of a bipartite Pliocene. 


far only in samples referable to the G. margaritae zone and 
ssibly the G. margaritae-G. puncticulata concurrent-range 
me. Psychrospheric conditions, although lasting into the Cala- 
ian in Italy, do not seem to have reached the Zanclean-~ 
jacenzian boundary in Crete. 
At present, psychrospheric waters cannot enter the Mediter- 
ranean because the sill of the Strait of Gibraltar is too shallow 
~ 320m). To explain the psychrospheric influence in the 
Pliocene west Mediterranean, it has been suggested that a rela- 
ely wide and deep gateway lay between Spain and Morocco’. 
¢ sill of the connection with the ocean must indeed have been 
eper then than it is now, although it need not have been much 
sper. Assuming dynamic circulation, a depth of 500-1,000 m 
st be sufficient to allow the uppermost, cold, deep water 
rs to pass. The width of the connection is difficult to judge, 
it seems unnecessary to claim the existence of a true gateway. 
The Sicilian Ridge, the shallow sill between Italy and Africa, 
livides the Mediterranean into a western and an eastern basin. 
The sill depth is now ~400 m. But the suggestion is that in the 
ly Pliocene the Ridge was a high-standing barrier to deep 
circulation and thus encouraged stagnancy and the formation 
f organic-rich deposits in the eastern basin®'!, This is incon- 
tent with the present evidence for psychrospheric circulation. 
The early Pliocene palaeodepth of the sill must at least have 
een equivalent to that of the strait into the ocean. 
Participation of the psychrosphere in the circulation of the 
ocene Mediterranean can be inferred from the mere presence 
nthic fauna. Otherwise, the deep water-masses would have 
tagnated and become uninhabitable through oxygen depletion. 
The circulation of the Mediterranean is now anti-estuarine (Fig. 
).« The high rate of evaporation, which exceeds the sum of 
er discharge and precipitation, leads to the formation of 
lense-surface waters that sink periodically to the bottom (down- 
elling). The densified Mediterranean water flows out into the 
tlantic along the floor of the Strait of Gibraltar. Nearer the 
urface there is an Atlantic countercurrent which compensates 
evaporation’. Assuming there is a sufficiently deep connec- 
on with the ocean, an estuarine pattern with deep water coming 
arid surface water. going out is the simplest model to include 
© Atlantic psychrosphere in the Mediterranean circulation 
Fig. 3b): upwelling can provide the drive for such a system in 
ch the same way as downwelling operates the modern circu- 








The precondition for estuarine circulation is that the surface 
aters stay less dense than the deeper waters. This requires a 
stable pycnocline in the water-column in the form of either a 
halicline, thermocline, or thermohalicline. Evaporation tends to 
oppose this by making the surface water both saltier and cooler. 
_ An estuarine model therefore requires relatively high atmos- 



















Fig. 3 Mediterranean watermass circulation: paired vertical 
arrows show schematically the relation of evaporation (open 
arrows) and fresh-water input by precipitation and river discharge 
(solid arrows). a, Modern-type anti-estuarine system: surface 
waters become locally dense and well down, eventually leaving 
the Mediterranean along the floor of the Strait of Gibraltar; surface 
currents bring in water from the Atlantic. b, Estuarine system as 
` proposed for the Pliocene and earliest Pleistocene of southern Italy 
and part of the early Pliocene of Crete: Atlantic upper psychro- 
spheric waters enter the Mediterranean under the influence of a 
pressure gradient; bottom-waters well up locally and mix with less 
dense water near the surface; surface currents are directed towards 
the Atlantic, 


pheric humidity to suppress evaporation and promote precipita- 
tion. More precipitation leads to increased runoff which, in its 
turn, could contribute to a primary halicline in parts of the 
Mediterranean. 

The presence of less dense waters in the Mediterranean water- 
column sets up a pressure gradient with the ocean. If the connec- 
tion is deep enough, Atlantic psychrospheric waters will enter 
along this gradient. For these waters to participate in the 
Mediterranean circulation, upwelling is necessary: wind-driven 
upwelling most likely occurred in areas off the north coast under 
the influence of prevailing north winds. Such winds would have 
tended to move the upper water-layers to the west by Ekman 
transport. Thermohaline, density-driven upwelling, if at all sig- 
nificant, was probably limited to the easternmost parts where 
the ocean-derived deep waters had had maximum opportunity 
to absorb heat. 

Estuarine Mediterranean circulation associated with a very 
warm and humid climate was suggested earlier for the 
Sphaeroitlinellopsis acme-zone'*. Faunas of this zone show an 
unusual abundance of the planktonic foraminifer Sphaeroidinel- 
lopsis*. Similar non-spinose foraminifera with thick tests are 
known today to prefer deeper water’. The abundance of such 
forms in the earliest Pliocene supports the existence of a halicline 
with the upper layers too low in salt to be inhabited by marine 
plankton (S. R. Troelstra, personal communication). 

From the occurrence of Taxodiaceae pollen it was recently 
concluded that humid climatic conditions and rainy summers 
prevailed in the early Pliocene of the northwest Mediterranean 
area’, An important change, heralding an evolution towards 
modern seasonal fluctuations (dry summers and wet winters) 
occurred at the Zanclean-Piacenzian boundary (-~ 3.2 Myr)": 
summer aridity, inferred from the extinction of Taxodiaceae, 
stabilized diachronously over the Mediterranean region: stabil- 
ity was reached in the Piacenzian in southern France and in the 
Calabrian in Italy'*. The 3.2 Myr climatic change is also reflected 
in the oxygen isotope curve of DSDP Site 132 in the Tyrrhenian 
where it was tentatively associated with increased evaporation 
relative to precipitation’®, 

Sedimentary manifestations of the proposed upwelling might 
be found in several organic-rich layers or sapropels that have 
been reported from the early Pliocene of the east Mediterranean, 
especially at DSDP Site 378 (ref. 17). These sapropels tend to 
differ from those of the Messinian, late Pliocene, and Quaternary 
by being relatively low in organic material and burrowed and 
by containing benthic fauna. They might reflect boosted primary 
productivity associated with the upwelling of nutrient-rich water 
from the bottom, rather than complete anoxia due to basin-wide 
stagnancy'!. 

Psychrospheric bottom conditions apparently lasted much 
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longer in Italy than in Crete. At present we can only speculate 
_ as to their cause. Considering the similar diachronous summer- 
aridity stabilization in Italy and France, differential climatic 
“effects may seem a probable cause but direct palynological 
evidence for this from the east Mediterranean is still lacking. 
Alternatively, changes in the sea-bottom topography, for inst- 
ance a rising of parts of the Sicilian Ridge, may have obstructed 
some deep circulation routes while leaving others unimpaired. 
The model outlined here needs further critical testing. Topics 
to be investigated especially include the climatic history of the 
east Mediterranean and the relation of Mediterranean organic- 
- rich sediments to upwelling. 
I thank Dr Richard H. Benson and Mr Jeroen M. Peters for 
< critical reading of the manuscript and comment. The scanning 
electron micrograph was made in cooperation with ‘Werkgroep 
SEM’, University of Amsterdam. 
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In plants, stomata control the gaseous exchange between the 
intercellular spaces of the leaf and the atmosphere. Fluxes of ions, 
in particular potassium fluxes, across the membranes of the guard 
:cells produce changes in turgor of the guard cells which in turn 
result in the opening and closing of the stomatal pore’, The 
-molecular mechanisms involved in the uptake or release of ions 
in guard cells are poorly understood’, Cell-free membrane patches 
of the plasmalemma, isolated following patch-clamp techniques**, 
allow, for the first time in higher plant cells, the separation of the 
electrical properties of the plasmalemma from those of the tono- 
plast. We have applied these techniques to study the properties of 
single-ion channels in the plasmalemma of guard cell protoplasts 
of Vicia faba (broad bean). Predominantly a cation-selective chan- 
nel was observed, which showed a high selectivity for K*, with a 
permeability ratio Py+/Py,+ of 11:1 and a single-channel conduct- 
ance of 37 pS(=37 x 10°? Q~') in symmetrical 225 mM KCI sol- 
utions. We estimate that this K* channel contributes significantly 
to the uptake and release of K* by guard cells during stomatal 
‘movement. 
‘Guard cell protoplasts were isolated from the lower epidermis 
f 3-week-old bean leaves (Vicia faba Weisskeimige Hang- 
own). Epidermal strips were exposed for 60-90 min to 2% 
ellulase (Rohament CT; Röhm), 0.5% pectinase (Rohament 
m).0:4.M mannitol and | mM CaC\,. Purified guard cell 
sts were obtained after 2 h, including the time required 
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Fig. 1 a, Schematic diagram of all four patch-clamp recording 
configurations’, applied to guard cell protoplasts. Upper. panel: 
high-resistance seals between the pipette and the membrane. are 
established when the fire-polished electrode tip is presse ir 
the surface of the membrane and suction is applied to the c 
of the pipette (cell-attached recording mode). The mechanical 
stability of the seals allows small membrane fragments to be torr 
off the cell by drawing the pipette away from the cell. This: pro- 
cedure leaves an intact patch of membrane spanning the pipett 
tip, resulting in an inside-out patch. The cytoplasmic face of th 
plasmalemma is exposed to the bath solution. Lower panel: 
outside-out patch is obtained when the membrane patch is disrup- 
ted by a pulse of suction before pulling off the pipette. The correc 
sidedness of these patch configurations has been confirmed in 
numerous experiments on animal cells with channels of known” 
asymmetry’. b, e, Recordings of K*-selective channel currents i 
an inside-out membrane patch, Discrete open-closed state transi 
tions of single-channel currents can be seen. The membrane Wa: 
held at E,,= +40 mV and stepped by voltage pulses to potential 
ranging from +90 mV to ~80 mV. The voltage pulse duration w 
100 ms, In all records the pulse starts at the upward-pointing arroy 
and stops at the downward-pointing arrow. Membrane potential: 
ate specified as the potential on the cytoplasmic side of the m 
brane relative to that on the extracellular side of the membran 
during the voltage pulse. Leakage and capacitive currents wel 
subtracted at each potential, using records in which no chan 
activity was visible. b, In symmetrical high K* solutions (225 
KCI!) the single-channel currents .are outward at +40mV an 
+90 mV (upward deflections of trace). Currents are inward al 
~—40 mV and —80 mV. Note the increase in noise when the chann 
are open’®. The reversal potential of channel currents is close 
0 mV. Note that on the 0 mV and ~80 mV traces, a channel ope 
before the voltage pulse was turned on and the membrane poten 
was still +40 mV. When the pulse was turned on, the single-channel. 
current vanished in the OmV trace. c, After K* was replaced b 
Na” in the bathing medium (facing the cytoplasmic face of 
membrane), the reversal potential shifted to almost +80mV 
channel was open when the pulse was turned on in the +90 m 
trace. All currents are inward from +40 to ~80 mV. These: dai 
indicate a high selectivity of the channel for K* over Na‘. Sol 
tions: extracellular (pipette; in mM): 225 KCI, 2 MgCl, 1 CaC 
3 KOH, 10 HEPES, 80 p-mannitol, pH 7.0; intracellular (bath, 
in b, same as pipette; in c, 225 NaCl, 2 MgCl, | CaCl, 3 Na 
10 HEPES, 80 p-mannitol, pH 7.0. All solutions were adjusted to 
a final osmolarity of = 500 mmol kg™', by adding p-mannitol 
Osmolarities were measured with a vapour pressure osmometer 
(Wescor 5100 C). Temperature 22-25 °C. Control of membrane 
potential and the measurement of currents were performed with 
an EPC-7 patch-clamp (List Electronic) and low-pass-filtered at 
1 kHz with an 8-pole Bessel characteristic. Data were sampled and. 
stored on a PDP-11/23 minicomputer operating on-line. 


for incubation, filtration through a 20 um nylon net and tw 
centrifugation steps (60g and 45g). They were suspended 1 
0.5 M mannitol, 1 mM CaCh, stored on ice and used for exp 
ments within 6h after isolation. 

High-resistance seals (> 10 GO) between the fire-polish 
of the recording pipette and the plasmalemma were establishe 
allowing high-resolution recordings of single-channel currer 
The best results for seal formation were obtained within the fi 
2h after protoplast isolation and using small pipettes: (t 
resistance >3 MQ)°. Techniques well established: in animal 
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Fig. 2 Amplitude of single-channel currents as a function of 
‘membrane potential in three cell-free membrane patches (two 
outside-out patches, one inside-out patch). The three curves were 
letermined by least-squares regression analysis of data in the given 
intervals. Outward currents have a positive sign. Middle curve: @, 
(x {x is inside-out patch), data from patches in symmetrical 
25mM KCI solutions. The I-V relationship is approximately 
hmic between —60 mV and +60 mV. The slope reveals a conduct- 
ance of 374 4 pS. Left curve and top left insert: The insert shows 
an outside-out patch spanning the pipette tip. +, ~, Data from the 
ame two outside-out patches after the bath solution was changed 
© 225mM NaCl as in Fig. 1c. The reversal potential of single- 
channel currents shifted to —61 mV (see text). The slope conduct- 
ance of single-channel currents was reduced to 22+2 pS (~100 mV 
0 +20 mV). Right curve and bottom right insert: +, Data from 
nside-out membrane patch after the bath solution (facing the 
cytoplasmic membrane side) was changed to 225 mM NaCl. The 
eversal potential shifted to ~ +78 mV, corresponding to a permea- 
ility ratio Py*/ Pwa* of 21:1. The single-channel conductance was 
tted to 19 pS between —10 mV and +140 mV. Temperature 22- 
25°C. 





nysiology were used to produce cell-free membrane patches 
either the cytoplasmic membrane face (inside-out patch) 
the external membrane face (outside-out patch) exposed to 
e bathing medium?” (Fig. la). Single-channel current could 
tudied in these configurations, while defining ionic condi- 
ons on both sides of the membrane (Fig. 1b, c). 
The most frequent ion channel observed was a K*-selective 
annel (Fig. 1b, c) which appeared in 90% of the patches 
ich area 2~10 m7)°. The conductance of this channel depen- 
ed on the K* concentration: in solutions containing 30 mM 
" on the extracellular and 228 mM K* on the cytoplasmic side 
the membrane, the single-channel conductance ranged from 
20 to 27 pS. The direction of single-channel currents reversed 
membrane potentials of E,,=~—50 mV (reversal potential), 
responding to the Nernst potential for K* (not illustrated). 
ymmetrical high K* solutions (both pipette and bath contain- 
225 mM KCI), the single-channel conductance was 37 +4 pS 
d., n=3) (Fig. 2, middle curve). 
e permeability ratio of K* to Na* was determined by 
easuring the bi-ionic potential’*®. K* in the bathing medium 
s replaced with Na” by bath perfusion (Fig. 1b, 225 mM 
aC); this. shifted the reversal potential of single-channel 
ents from OmV to approximately —61 mV in outside-out 
itches. The single-channel current-voltage (J-V) relationship 
approximately linear between —100 and —20 mV with a 
nductance reduced to. 22 ps (Fig. 2, left curve). These data 
dicate a permeability ratio for K* to Na* (Py+/ Pat) of 11:1, 
t correcting for ionic activities’. When K* was replaced by 
a on the cytoplasmic side of the membrane in an inside-out 
tch, the reversal potential of single-channel currents shifted 
0 ~ +78 mV, indicating an even higher selectivity for K* over 
Nat (Fig. 2, right curve). 
The kinetics of opening and closing of the K*-selective chan- 
el were analysed in a patch in which apparently only one 





“channel was present!’. The mean lifetime of an open channel 











at E,, = —60 mV was 7 ms (n= 76) and 10 ms at En = +60 mV. F 
(n =60), The mean closed time of the channel was ~13 ms at 
both —60 mV and +60.mV (n = 103 and 72, respectively). These 
results indicate that the gating mechanism, responsible for the 
opening and closing of the K*-selective channel, is not sig- 
nificantly voltage-dependent and that the channel is open 
approximately one-third of the time. 

The appearance of channels is not an artefact of patch isola- 
tion, as the same K*-selective channel was observed in the 
plasmalemma of intact guard cell protoplasts (cell-attached 
recording mode)’ (Fig. 1a), as judged by the slopes and reversal 
potentials of the T-V relationships. 

K*-salts are the predominant osmotically active compounds 
responsible for changes in the stomatal aperture in over 50 
species'*. Several authors have described a selectivity for K* 
over Na* in conjunction with stomatal movement!''?, Guard 
cells of V. faba accumulate between 100 and 300 mM K* when 
the stomata change from the closed to the open state’. Further- 
more, the relationship between the resting potential of guard 
cells and external K” concentration has been shown to be 
approximately nernstian'*'’. The mean estimated flux of K* 
into guard cells of V. faba, determined by several authors’, is 
10 pmol s~' per cm? of plasmalemma surface. These K* fluxes 
are probably associated with membrane potential shifts of up 
to 60 mV, caused by effectors on stomatal aperture, such as light, 
CO, and abscisic acid'®'*. If the membrane potential is dis- 
placed 30 mV from the K* equilibrium potential, we predict an 
initial flux through the K*-selective channels in a single guard 
cell of 20 pmol s™' cm™’, corresponding to a change in the cell’s 
K* concentration of 60 uM s~'. In this calculation we assumed 
a channel density of one channel per 15 ym’, a guard cell volume 
of Spl, a single-channel conductance of 30 pS, and that the 
channel is open one-third of the time. This estimate demonstrates 
that a significant part of K* uptake and release by guard cells 
can be accounted for by passive transport through the K*- 
selective channel studied here. 

In addition to the predominant K* channel described, several 
other types of ion channels were seen but have not yet been 
characterized properly; patch-clamp studies, as used here, may 
elucidate their physiological function. 

We thank Dr E. Neher, Professor K. Raschke, Dr F. J. 
Sigworth and Professor D. Gradmann for discussions and com- 
ments on the manuscript; and U. Brill, W. Lahr, U. Lohmann, 
M. Odenthal, W. Pagel, A. Sauer, H. Terasa and F. Tiefenau 
for peeling bean leaves for protoplast preparation. J.M.F. is an 
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the Deutsche Forschungsgemeinschaft. 
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$ Cholecystokinin (CCK) is a neuropeptide present in the mam- 
- malian central nervous system (CNS)'. In all species studied so 
far, the highest concentrations of this neuropeptide have been 
found in the cerebral cortex, the amygdala and the hippocampus” 
ive molecular forms of CCK having 39, 33, 13, 8 and 4 amino 
i dues have been identified in the CNS, the sulphated 
tapeptide (CCK,) being the most abundant form detected”**, 
specific CCK binding ‘sites: have been demonstrated in the rat, 
guinea pig and human ‘brain”’’, CCK,, applied by microion- 
- tophoresis to deep cortical neurones and hippocampal pyramidal 
` neurones, has a powerful excitatory effect, whereas the non- 
< sulphated CCK ‘octapeptide has no such effect on these 
. neúrones’™™®. Low doses of benzodiazepines depress the spon- 
~ taneous activity of hippocampal pyramidal neurones’. We 
report here that benzodiazepines at very low doses antagonize 
‘selectively the CCKg-induced activation of rat hippocampal 
“pyramidal neurones. This antagonistic action might be involved in 
the anxiolytic effect of these drugs. 

Male Sprague-Dawley rats (200-300:g) were anaesthetized 
_ with urethane (1.25 g per kg intraperitoneal) and mounted in a 
: taxic: apparatus. Five-barrelled micropipettes were pre- 
ed in the conventional manner”. The central barrel, filled 
M NaCI saturated with Fast Green FCF, was used for 
ellular recording of unitary activity. Recordings were 
ed from pyramidal neurones of the CAI and CA3 regions 
-of the dorsal hippocampus. The signal, amplified and displayed 
¿in the usual manner, was fed into a differential amplitude 
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g. 1 Histograms of integrated firing rate, for pyramidal neurones òf the dorsal hippocampus CA3 region. Bars indicate duration of 
te horetic applications, for which the current is given in nA: The time scale in e applies to all the traces. CCK, cholecystokinin-8; 
ACh, T E mENK, spe mentions! FLU, furazepami; GLU, e ASP, aspartate. 





discriminator, generating square pulses from which integ 
firing rate histograms were obtained. The side barrels ‘were use: 
for microiontophoresis of the following substances: CC 
(10 pM in 0.2 M NaCl, pH 5); acetylcholine chloride (20mM 
pH 4); flurazepam-2HCI (20 mM, pH 4); chlordiazepoxide- 
(10mM in 20mM NaCl, pH3); Met-enkephalin (0,5 mM 
0.2M NaCl and 0.01% bovine serum albumin, pH 4.6); L 
glutamate (50 mM in 50 mM NaCl, pH 8.0); L-aspartate (50 mM 
in 50mM NaCl, pH 8.0). Three side barrels were ‘used fo 
ejection of the test substances and the fourth one, filled wi 
2 M NaCl, was used for current balancing. Recording sites wi 
marked by passing a ~27 pA current through the central barre’ 
for 20 min, to make a Fast Green deposit, the location of wh 
was verified histologically. 

Intravenous (i.v.) administration of flurazepam, lorazepam 
diazepam during the activation of 18 hippocampal pyra 
neurones by microiontophoretically applied CCK, reversed | 
activation, whereas the excitatory effects of applications o 
acetycholine (ACh) (14 neurones) or Met-enkephalin | 
neurones) were not affected (Fig. 1a). The effect of the th 
benzodiazepines was the same in the CAI and CA3 regions, 
From the dose-response curves of the effect of i.v. lorazepam 
and diazepam on CCKg-induced activation (Fig. 2), we calcu. 
lated the 50% effective dose (EDs) to be 32.6 +2.8 (mean+ 
s.e.m.) and 106.5 + 18.6 ug per kg for lorazepam and diazey am 
respectively. : 

To verify further the selectivity of benzodiazepines for CCK, 
and to determine whether they were reversing CCK,-induced 
activation by a direct action on the pyramidal neurone recor 
flurazepam or chlordiazepoxide, two water-soluble benzo- 
diazepines, were applied microiontophoretically during the 
vation of CAI or CA3 hippocampal neurones by applica 
of CCK; (40 neurones), Met-enkephalin (14 neurones), glu 
mate (8 neurones) and aspartate (8 neurones). Microionto 
phoretic applications of either benzodiazepine revers 
CCK,-induced activation of pyramidal neurones but not 
produced by ACh, Met-enkephalin, glutamate or aspartat xe 
1b-d). 

As a preliminary investigation of the specificity of thi 
antagonism for benzodiazepines, haloperidol (5 mg per kg), an 
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Fig. 2 Dose-response curve (+s.¢e.m.) of the degree of sup- 
-pression by i.v. lorazepam (a) and diazepam (b) of the activation 
“of hippocampal pyramidal neurones induced by microion- 
“tophoretic application of CCKg. r= 0.94, P< 0.001 for lorazepam; 
r=0.82, P<0.001 for diazepam. 


antipsychotic drug, phenobarbital (10 mg per kg), an anticon- 
vulsant barbiturate, and meprobamate (20 mg per kg), a non- 
enzodiazepine anxiolytic drug, were administered i.v. during 

e activation of CA3 pyramidal neurones by CCKg. None of 

¢ three non-benzodiazepine drugs affected the CCK,-induced 

Ctivation in the 10 experiments performed. 

: To ascertain that benzodiazepines antagonize CCK,-induced 
activation via their specific receptors’, we used the imi- 
dazodiazepine Ro 15-1788, a benzodiazepine antagonist”. 

o 15-1788 (3.5 mg per kg i.v.) completely blocked the effects 
of microiontophoretic applications of flurazepam and chlor- 
diazepoxide and of the i.v. administration of lorazepam 

100 pg ape kg) on CCKg-induced activation in all six rats tested 

) Moreover, in four other experiments, Ro 15-1788 





CK. induced ‘activation produced by microiontophoretic 
plication of flurazepam and i.v. lorazepam (not shown). 
This is the first electrophysiological demonstration of the 
tagonism of the action of a neuropeptide on CNS neurones 
‘benzodiazepines. The present data do not allow any con- 

lusion regarding the molecular mechanism underlying the 
atagonism by benzodiazepines of the neuronal activation by 
‘CK. The selectivity of the action of benzodiazepines for 
‘CK,-induced activation is indicated by their inability to affect, 
hen administered either intravenously or microiontophoreti- 
ally, the excitatory effects of another peptide, Met-enkephalin, 
f -ACh and of two putative neurotransmitter amino acids, 
ütamate and aspartate. Benzodiazepines have been shown to 
ntagonize the excitatory action of kainate on CAI hippocampal 
yramidal neurones’. However, doses more than 30 times 
teater than those used here are required to reduce kainate- 
nduced activation? ; moreover, the activation of CA3 pyramidal 
eurones by kainate i is not antagonized by benzodiazepines” 
hereas the excitatory action of CCK, is blocked equally well 
y benzodiazepines in the CAI and CA3 regions. 

‘The activity of all four benzodiazepines tested in the present 
udy (flurazepam, diazepam, lorazepam and chlordiazepoxide) 
uggests that the ability to antagonize CCK,-induced activation 
ja property common to all drugs of this class. The inactivity 
f the three anxiolytic non-benzodiazepine drugs tested 
haloperidol, phenobarbital and meprobamate) constitutes a 
réliminary indication that this property might be specific to 
enzodiazepines. That the antagonism of CCK,-induced activa- 
ion might be a property common to, and specific for, ben- 
odiazepines is fully consistent with the prevention and the 
eversal by Ro 15-1788, a specific ‘neuronal’ benzodiazepine 
ntagonist, of the effect of benzodiazepines on CCK,-induced 
ivation”®. As there is strong evidence that the activation of 
ie neuronal type of benzodiazepine, receptors mediates the 
nxiolytic effect of benzodiazepines?” ?®, this suggests that the 
antagonism of CCK, action by these drugs might be involved 
n their therapeutic effect. The extreme potency of benzo- 
diazepines in blocking CCKg-induced activation is consistent 
with this hypothesis. 


“ied is indeed d ariklas. that the ED, for lorazepam tas, us per. 
kg) and diazepam (106 pg per kg) found here are very close to | 
the most widely. prescribed single doses of 1 mg lorazepam and - 
5 mg diazepam (equivalent to 15-20 pg per kg and 75-100 pg. 
per kg, respectively, for an adult of average weight) in the 
treatment of anxiety. Moreover, the ratio of the potencies of 
lorazepam and diazepam found here is very close to that of 
their clinical anxiolytic activities. Finally, the high density of 
CCK, in the cerebral cortex and i in limbic regions such as the 
hippocampus and the amygdala?* makes this neuropeptide a 
suitable candidate for mediating the selective anxiolytic effects 
of benzodiazepines. As benzodiazepine receptors are coupled 
with y-aminobutyric acid (GABA) receptors”, there is a need | 
to investigate the involvement of GABA in mediating the selec- 
tive suppression by benzodiazepines of CCKg-induced acti- 
vation. 

We thank W. Haefely for providing us with Ro 15-1788, G. 
Dubé for typing, and D. Cyr and G. Filosi for preparing the 
illustrations. C. de M. is a Scientist of the MRC of Canada and 
J.B. a Fellow of the Fonds de la Recherche en Santé du Québec. 


Received 11 June; accepted 10 September 1984. 


1. Morley, J. E. Life Sci, 30, 479-494 (1982). 

2. Larsson, L. I. & Rehfeld, J. F. Brain Res. 168, 201-218 (1979). 

3. Rehfeld, J. F. J. biol. Chem, 253, 4022-4030 (1978). 

4, Geola, F. L, et al J. clin. Endocr. Metab, $3, 270-275 (1981). 

5. Vanderheagen, J.-L. INSM Eur. Symp. 5 (eds Dumont, J. E. & Nurez, J.) 149-152 
(Elsevier, Amsterdam, 1981). 

6. Goltermann, N. R., pahieta, J. F. & Roigaard-Petersen, H. J. biol Chem. 285, 6181-6185 
(1980). 

7. Goltermann, N. R., Rehfeid, J. F, & Roigaard-Petersen, H. J) Neurochem, 38, 479-483 (1980), 

8. Goltermann, N. R., Stengaard-Pedersen, K., Rehfeld, J. F. & Christensen, N, J. J. Neurochem, 
36, 959-965 (1981). 

9. Hays, S. E., Beinfeld, M. C., Jensen, R. L, Goodwin, F. D. & Paul, S. M. Neuropeptides 1, 
53-62 (1980). 

10, Innis, R, B. & Snyder, $. H. Bur. J. Pharmac. 65, 123-124 (1980), 

11, Oomura, Y., Otita, M., Kita, H., Ishibashi, S. & Okajima, T. in lontophoresis and Transmitter 
Mechanisms in the Mammalian Central Nervous System (eds Ryall, R, W. & Kelly, J.S.) 
120-123 (Elsevier, Amsterdam, 1978), 

12. Phillis, J. W, & Kirkpatrick, J. R. Can. J. Physiol. Pharmac. 38, 337-340 (1980). 

13, Dodd, J. & Kelly, J. S. Brain Res. 208, 337-350 (1981). 

14. Kelly, 3. S. & Dood, J. in Neurosecretion and Brain Peptides (eds Martin, J. S., Reichlim, 
S. & Bick, K. L.) 133-144 (Raven, New York, 1981). 

15. Buaney, B. S., Grace, A. A., Hommer, D. W. & Skirboll, L. R. in Regulatory Peptides: From 
Molecular Biology to Function (eds Costa, R. & Trabucchi, M.) 424-436 (Raven, New 
York, 1982). 

16. Skirboll, L. R. et al, Neuroscience 6, 2111-2124 (1981). 

17. Adamec, R. E., McNaughton, B., Racine, R. & Livingston, K. E. Epilepsia 22, 205-215 (1981). 

18 Lee, H. K, Dunwiddie, T. W. & Hoffer, B. J. Naunyn-Schmiedebergs Archs Pharmak. 39, 
131-136 (1979), 

19. Tsuchiya, T. & Fukushima, H. Eur. J, Pharmac. 48, 421~424 (1978). 

20. Wolf, P. & Haas, H. L. Naunyn-Schmiedebergs Archs Pharmak. 299, 211-218 (1977). 

21. Haigler, H. J. & Aghajanian, G. K. J. Pharmac, exp. Ther, 188, 688 (1974). 

22. Squires, R, F. & Braestrup, C. Nature 266, 732-734 (1977). 

23. Mohler, H. & Okada, T. Science 198, 849-851 (1977). 

24. Hunkeler, W. et al Nature 209, 514-516 (1981). 

25, de Bonnel, G. & de Montigny, ©. Bur. J. Pharmac. 93, 45-54 (1983). 

26. Mohler, H., Burkard, W. P., Keller, H. H., Richards, V, G. & Haefely, W. J. Neurochem, 
33, 714-722 (1981). 

27. Braestrup, C. & Squires, R. F. Eur. J. Pharmac. 48, 263-270 (1978). 

28. Lippa, A. S. et al Pharmac, Biochem. Behav. 9, 853-856 (1978), 

29. Haefely, W. & Poic, P. in Anxiolytics: Neurochemical, Behavioral and Clinical Perspectives 
(eds Malick, J. B., Enna, S.J. & Yamamura, H. L) 113-145 (Raven, New York, 1983). 


Se ei cree 
Immunohistochemical localization 

of endogenous nerve growth factor 

R. A. Rush 

Department of Human Physiology and Centre for Neuroscience, 


Flinders University of South Australia, Bedford Park, 
South Australia 5042, Australia 





Nerve growth factor (NGF) has been proposed as a trophic 
molecule essential f for the development of sympathetic and primary 
sensory neurones™?, In newborn mice and rats, administration of 
nerve growth factor results in an increase in the number of surviving 
neurones‘, whereas administration of antiserum to NGF decreases 
neuronal survival, Thus it has been proposed that the factor is 
produced and secreted by the relevant: target tissues to provide. 
trophic support for the ingrowing nerves™”. The site of synthesis. 
of nerve aus factor is still BORT and it has been emphasized ; 
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Fig. 1 Anti-NGF immunohistochemistry in the rat iris. a, The 
absence of stain in the non-cultured iris; b-e, the presence of stain 
in cells clustered into bundles following 4 or 6 days culture. Irides 
were cultured for 4 (b, d) or 6 (c, e) days in Eagle's basal medium 
containing 10% fetal calf serum and exposed to a humidified 5% 
CO,/95% air atmosphere. After incubation the irides were 
removed, freeze thawed and stretched on polyornithine-coated 
glass slides and allowed to dry for at least 30 min at room tem- 
perature. Antiserum, prepared against mouse salivary gland NGF 
(electrophoretically pure), was diluted | in 4,000 in phosphate 
buffered saline (PBS) pH7.4 containing 1% sheep serum and 
applied to the stretched tissues. Following 48 h incubation at 4 °C, 
the antiserum was removed and replaced by several changes of 
PBS. Fluorescein-labelled anti-rabbit IgG (Wellcome, Sydney) was 
used at a dilution of 1: 100 and applied for | h then washed from 
the tissue before mounting. Scale bar, 10 pm 


that a precise physiological role for the molecule cannot be 
ascribed until the cell types that produce it are known’~”. I report 
here the use of immunohistochemistry to localize endogenous NGF 
in the rat iris, a tissue in which there is sound biochemical evidence 
for the production of NGF activity”. Surprisingly, the results 
reveal that NGF can be detected readily in Schwann cells, but not 
in smooth muscle cells of the iris when it is sympathetically 
denervated or cultured. 

Irides from adult albino rats (250-300 g body weight) of both 
sexes were used. After culture for four or six days in Eagles 
basal medium supplemented with 10% fetal calf serum, irides 
were removed, freeze-thawed and stretch-mounted on glass 
slides. Specific stain was clearly visible in all regions of the iris 
confined to discrete clusters of cells (Fig. 1). The distribution 
of these cells was similar to that of nerve fibres and bundles 
throughout the normal iris. Although many labelled cells were 
clustered in large bundles, individual fusiform cells were also 
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Fig. 2 Immunohistochemistry in the 6-day cultured rat iris. a, 

Absence of stain in tissue treated with pre-immune serum. b, c, 

Presence of stain in degenerating nerve fibres treated with 

dopamine B-hydroxylase antiserum. d-g, Presence of stain in 

strings of single cells stained with nerve growth factor antiserum 

Arrows, nuclei discernable by the absence of stain. Staining pro- 
cedure as for Fig. 1. Scale bar, 10 pm. 


present and were joined end-to-end in long strings with nuclei 
easily discernable by the absence of stain (Fig. 2). The resolution 
of the light microscope did not allow the exclusion of stain in 
degenerating nerve fibres. Even after four days of culture there 
were a few fragmented sympathetic nerve fibres present that 
could be visualized by immunohistochemistry with antiserum 
to dopamine B-hydroxylase'' (Fig. 2). At no stage was anti-NGF 
stain visible in any smooth muscle fibres; irides that were pro- 
cessed without prior incubation gave negative results (Fig. 2). 
Cultured and non-cultured irides treated with pre-immune 
serum were also negative (Fig. 1). Identical results were seen 
in tissues fixed in picric acid solution prior to staining (Fig. 3). 
The specificity of the nerve growth factor antiserum was tested 
(Fig. 3); absorption of the antiserum with NGF-coupled beads 
blocked the immunohistochemical stain whereas absorption 
with insulin-coupled beads had no effect. Furthermore, the 
immunohistochemical stain could be demonstrated using dia- 
lysed antibody eluted from the NGF-coupled beads with | M 
acetic acid (Fig. 3). 

Irides were next examined following removal of the ipsilateral 
superior cervical ganglion ten days previously. The effectiveness 
of sympathetic denervation was demonstrated in half of the iris 
by the absence of fluorescent nerve fibres following treatment 
with glyoxylic acid to induce catecholamine fluorescence'*. The 
remaining half of the iris was stained with NGF antiserum. The 
distribution of stain was similar to that seen after culture, 
although both the intensity of the stain and the number of 
positive cells was reduced considerably (Fig. 4). Contralateral 
irides treated with the antiserum were negative. 

The results presented here provide the first histochemical 
evidence for the cellular localization of endogenous NGF out- 
side the salivary gland. It is important therefore to examine the 
authenticity of the antisera used. The major antiserum was raised 
in rabbits against electrophoretically pure mouse salivary gland 
nerve growth factor prepared by the method of Mobley et al.'* 
(Fig. 4). The purified protein was active in the 1-10 ng ml"! 
range, tested by supporting dissociated chick sympathetic 
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Fig. 3 Immunohistochemistry in the 6-day cultured rat iris. a, 
Absence of stain in an iris treated with antiserum previously absor- 
bed with NGF-Sepharose; b, the presence of stain after treatment 
with whole antiserum; c, the presence of stain after treatment with 
antiserum absorbed with insulin-Sepharose; d, the presence of 
stain after treatment with antibody eluted from the NGF-coupled 
beads. Irides in a, c and d were fixed after freeze-thaw treatment 
and prior to staining in picric acid solution for 30 min (150 ml of 
saturated picric acid solution in 850 ml of PBS, pH 7.4); the iris 
in b was stained without prior fixation as described in Fig. | 

Methods: Absorption of the antibody with solid phase antigen was 
performed as follows. Antiserum diluted to | in 4,000 was added 
to 100p! Sepharose 4B (Pharmacia) coupled to either NGF or 
insulin and incubated for 30 min at 37 °C in a shaking water bath. 
The supernatant was then removed from the beads and used 
immediately for immunohistochemistry. Purified antibody was 
eluted from the NGF-Sepharose with | M acetic acid and dialysed 
against PBS before use at a final protein concentration of 


7S 


2.5 ug mi Coupling of NGF and insulin to epoxy-activated 
Sepharose 4B was carried out according to the manufacturer's 
recommendations using 2 mg of each protein with 0.5 g of lyophil- 


ized gel. Scale bar, 10 pm 


neurones in culture, elevating ornithine decarboxylase activity 
in newborn rat superior cervical ganglia and in increasing the 
number of surviving neurones in sympathetic ganglia when 
administered to developing chick embryos. The resulting anti- 
serum was monospecific against NGF, shown by immunoelec- 
trophoresis against both the purified factor and crude homoge- 
nates of male mouse salivary glands; it also stains granular duct 
cells in this tissue (Fig. 4). This antiserum blocks the survival 
of sympathetic neurones cultured in the presence of NGF". 
Antiserum and commercial antibodies (Laref, Switzerland), 
purified by chromatography on an NGF affinity column, gave 
identical results whereas normal sera from several different 
rabbits gave negative results. Thus the staining in the figures is 
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Fig. 4 


a-d, Evidence for specificity of antiserum to NGF; e-h, 
NGF immunohistochemistry in the sympathetically denervated 
iris. a, Electrophoresis of purified mouse salivary gland nerve 
growth factor on 12.5% polyacrylamide discontinuous gels in SDS 


according to the method of Laemmli and Favre” with a protein 
load of 30 ug. b, 20 ug purified NGF on a 30% polyacrylamide 
gel, pH 10.3, according to the method of Smith, Varon and 
Shooter*'. Arrows, position of the origins and dye fronts 

Immunoelectrophoresis against crude mouse salivary gland extract 
Electrophoresis was carried out on Corning Universal elec- 
trophoretic agarose film (Corning) in 0.065 M barbital buffer, 
pH 8.6 for 45 min at 200 V with constant cooling. Under these 
conditions, mouse salivary gland 2.5S NGF does not migrate 
significantly from the origin. The film was stained after washing 
with Coomassie blue. d, Immunohistochemical localization of 
NGF in submaxillary gland of male mouse. Anaesthetized male 
mice were perfused with a solution of 4% paraformaldehyde in 
0.1 M phosphate buffer, pH 7.4, the submaxillary glands removed, 
cut into small blocks and immersed for 3-4 h in the same fixative 
The tissue blocks were then rinsed overnight in 5% sucrose in 
0.1 M phosphate buffer pH 7.4 and sectioned at 10 ym on a cry 
ostat. Sections were stained for 48 h at 4°C with anti-NGF serum 
diluted to | in 4,000 as described in Fig. 1. The fluorescent stain 
was most intense in apical regions of granular duct cells and absent 
in acinar cells. e-h, fluorescent cells stained with anti-NGF in 
irides sympathetically denervated 10 days previously. Scale bar, 

10 um 


probably a result of the interaction of NGF antibodies with an 
endogenous NGF-like molecule. 

The staining present in denervated or cultured irides is local- 
ized to a small proportion of the total cells present that are 
confined to nerve fibre tracts. I suggest here that these are 
Schwann cells and possibly associated nerve fibres. In the 
absence of electron microscope evidence, there are several rea- 
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sons for this conclusion. First, the stained cells clearly are not 
- smooth muscle fibres as their morphology and distribution are 
distinct from these cells. Second, their morphology is identical 
to Schwann cells and they are arranged either in clusters or as 
-elongated single cells in bundles resembling nerve fibre bundles. 
- Third, although fibroblasts are present in nerve bundles, their 
total number is only about 5% of the number of Schwann cells'>, 
It is unlikely that fibroblasts would be confined to nerve bundles 
and yet no isolated stained cells were observed outside the 
bundles. However, this does not exclude the possibility that 
some positive cells are fibroblasts. Finally, the production of 
:NGF by purified cultures of Schwann cells'®'? and isolated 
peripheral nerve segments’? is established clearly. 
© Although it is clear that the anti- NGF stain is associated with 
-nerve tracts throughout both the radial and sphincter muscles, 
-it was not possible to establish which type of nerves are involved. 
Specific stain was present in both fine nerve tracts and thick 
- bundles: the density of the fibre tracts stained throughout the 
iris was only slightly less than the density of sympathetic fibres 
in a non-cultured iris revealed by glyoxylic acid-induced 
-catecholamine fluorescence. In these cultured irides the nerve 
axons and terminals detached from their cell bodies are 
degenerating; immunohistochemical localization with 
“dopamine B-hydroxylase antiserum has confirmed that many 
of the sympathetic nerve fibres have been lost. However, experi- 
ments are currently in progress to double-label tissues with NGF 
and substance P, dopamine f-hydroxylase or choline 
acetyltransferase antisera to discover whether sensory, sym- 
pathetic or parasympathetic fibres are involved. 

The production of NGF by Schwann cells in the denervated 
iris suggests that damaged nerves receive trophic support in the 
old fibre tracts during regeneration. It also suggests that after 
injury the nerve returns to an embryonic-like sensitivity. Cer- 
tainly, regenerating sympathetic nerves are sensitive to NGF*, 
whereas intact nerves in the mature animal show little response 

io the factor’. 
Many target tissues of the sympathetic and sensory nervous 
systems are known to produce NGF in culture!®. This observa- 
tion has been used to strengthen the proposal that neuronal 
death occurs during development as a result of competition 
between growing axons for NGF secreted from target cells, such 
as smooth and cardiac muscle fibres. However, extrapolation 
of the present findings to developing nerves would suggest that 
the nerves are supported during the period of axonal outgrowth 
by NGF from Schwann cells and that at the time of innervation, 
the target cells provide a second trophic molecule that is not 
NGF. 
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and the Flinders Medical Centre Research Foundation. 






Received 17 August 1983; accepted 11 September 1984, 


i Levi-Montalcini, R. & Angeletti, P. U. Physiol Reu. 48, 534-569 (1968). 
2. Hendry, 1. A, in Reviews of Neuroscience Vol. 2 (eds Ehrenpreis, S. & Kopin, I. J.) 149-194 
(Raven, New York, 1976). 
3. Levi-Montalcini, R. & Booker, B. Proc. natn, Acad. Sci. U.S.A, 46, 373-383 (1960). 
4, Hendry, I. A. & Campbell, J. J, Neurocytol. $, 351-360 (1976). 
5. Levi-Montalcini, R. & Booker, B. Proc. natn. Acad. Sci. U.S.A. 46, 384-391 (1960). 
6. Levi-Montalcini, R. & Angeletti, P. U. Pharm. Rev. 18, 619-628 (1966). 
7. Harper, G. P. & Thoenen, H. J. Neurochem. 34, 5-16 (1980). 
8. Hamburger, V., Brunso-Bechtold, J. K. & Yip, J. W. J. Neurosci, 1, 60-71 (1981), 
9. Bradshaw, R. A. A. Rev, Biochem. 41, 91-216 (1978). 
0. Ebendal, T., Olsen, L., Seiger, A. & Hedlund, K-O. Nature 286, 25-28 (1980). 
|. Rush, R. A. in Methods in Neurosciences (ed. Cuello, A. C.) 139-158 (Wiley, Chichester 
1983}. 
12. Axelsson, $., Bjorklund, A., Falck, B., Lindwall, O. & Svensson, L. A. Acta physiol. scand, 
87, 57-62 (1973). 
13.. Mobley, W. C., Schenker, A. & Shooter, E. M. Biochemistry 15, 5543-5551 (1976). 
14-Rush, R. A., Abrahamson, I. K., Belford, D. A., Murdoch, S. Y. & Wilson, P. A. in 
cins“ preparation. 
‘1S. Causey, G. & Barton, A. A. Brain 82, 594-598 (1959). 
» 16. Burnham, P., Raiborn, C. & Baron, S. Proc. natn. Acad. Sci, U.S.A, 69,3556-3560 (1972). 
AT Maron, S: S, & Bunge, R. P. A. Rev. Neurosci. 1, 327-361 (1978). 
“18. Richardson, PM. & Ebendal, T. Brain Res. 246, 57-64 (1982), 
19. Harper, GP., Pearce, F. L. & Vernon, C. Devi Biol. 77, 391-402 (1980). 
Laemmli U-K. & Favre, M. J. molec. Biol. 80, 575-599 {1983}. 
nS R Shooter, E. M. Biochemistry 7, 3259-3268 (1968). 









LETTERS TO NATURE- 


- gp4l, gp120 and gp160 proteins occurred when using al 




















































Aetiology of AIDS—antibodies to 


human T-cell leukaemia 
virus (type III) in haemophiliacs 


L. W. Kitchen*, F. Barin*, J. L. Sullivant, 
M. F. McLane*, D. B. Brettlert, P. H. Levinet 
& M. Essex* 


* Department of Cancer Biology, Harvard School of Public Healt! 
665 Huntington Avenue, Boston, Massachusetts 02115, USA 
f Departments of Pediatrics and. Medicine, University of foe 
Massachusetts Medical School, New England Comprehensive. <. 
Hemophiliac Center, and the Department of Medicine, Worcester 
Memorial Hospital, Worcester, Massachusetts 01605, USA © 





Human T-cell leukaemia virus type I (HTLV-—IID is s 
of having a key role in the pathogenesis of acquired 
deficiency syndrome (AIDS)'~*. Epidemiological data sugges: 
AIDS is transmitted by an infectious agent through in 
contact with body secretions, blood or blood products*. To mainta 
haemostasis, many haemophiliac patients depend on commer 
prepared clotting concentrates made from large mult 
plasma pools and are thus at increased risk of develop 
disease’. We report here that, using indirect membrane i 
fluorescence and radioimmunoprecipitation with SDS-poly 
lamide gel electrophoresis, we have detected antibodies to HT! 
II in 30 of 47 (64%) asymptomatic haemophiliacs and in 
three haemophiliacs who either had or soon developed AIDS. O 
34 samples drawn before 1984, 18 (53%) were antibody-positiy 
whereas of 16 samples drawn during 1984, 15 (94%) were positi 
(P < 0.002). These data suggest that exposure to HTLV-III al 
gens is widespread among asymptomatic haemophiliacs. 

We tested samples from 50 haemophiliacs from the N 
England Area Comprehensive Hemophilia Center in Worces 
Massachusetts; 44 of the patients had haemophilia A and 6h i 
haemophilia B. All haemophilia A patients had moderate 
severe disease and received home infusions of commercial fac 
VIIL concentrate. The samples were collected during 1983 
from individuals ranging in age from 1 to 69 yr. All we 
asymptomatic at the time of serum collection, except for a singl 
patient who had clinical AIDS. Two more individuals develope 
AIDS within 3-6 months (confirmed by the Center for Dise: 
Control). : 

All sera were initially examined at a 1:4 dilution by indir 
membrane immunofiluorescence (IMI) on the HTLV-II 
infected line, designated H9/ HTLV-II, and the uninfected li 
designated H9. The method used was that described earlie 
except that the cells were inactivated with 2% paraformaldehyd 
in phosphate-buffered saline as a biohazard precaution befor 
the tests were scored. All 50 samples were subsequently tested 
using radioimmunoprecipitation with SDS-polyacrylamide gel 
electrophoresis (RIP~SDS/PAGE). Both uninfected H9 an 
HTLV-II1-infected cells were metabolically labelled for 8 h with 
*°§-cysteine (100 pCi ml7') according to details described else. 
where”. a 

Of 50 serum samples tested, 33 (66% ) reacted with the HTL 
Il-infected cells by IMI, but not with the uninfected cells (Table 
1, Fig. 1). The same 33 sera showed immunoprecipitation « 
proteins that migrate in the same position as those regularl 
detected with reference antiserum to HTLV-II core prote 
(provided by Dr R. C. Gallo). Samples from 29 healthy labor 
tory workers were all negative when tested by both membrane 
immunofluorescence and immunoprecipitation. The antigens 
most consistently detected by the 33 positive sera included’ 
proteins of molecular. weights 24,000 (p24), 41,000: (gp41), 
53,000 (p53), 120,000 (gp120) and 160,000 (gp160); these’ are 
the proteins that Gallo and colleagues'* and workers in our 
laboratory (T. H. Lee and M.E., manuscript in preparation) 
have found are most frequently detected by human HTLV-IIL 
antibodies from AIDS patients. Immunoprecipitation of th 
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A, “S-cysteine-labelled antigens precipitated from HTLV-II-negative H9 cells (a) and HTLV-I-infected H9 cells (b) by serum 


samples from asymptomatic haemophiliacs (lanes 1-5, 9-11). Lane 12: a positive control AIDS patient. Lane 13: a negative control (healthy 

“laboratory worker). Lanes 6 and 7: asymptomatic haemophiliacs who developed AIDS within 3-6 months. Lane 8: a haemophiliac AIDS 

“patient. Numbers on the left refer to proteins discussed in the text: numbers on the right refer to molecular weight markers (x107*). B, 

- §-eysteine-labelled antigens precipitated from HTLV-II I-negative cells (a) and HTLV-IL-infected H9 cells (b). Serum samples were from: 

lane 1, a negative control (same as lane 13 in A); lane 2, a positive control AIDS patient (same as lane 12 in A); lane 3, a normal rabbit; 

lane 4, a reference rabbit antiserum to disrupted HTLV-II; lane 5, a monoclonal antibody to HTLV-II p24. Numbers on the left refer to 
molecular weight markers (x1075). 


in-bound, glycoprotein-enriched cell lysate fraction as 
escribed earlier, which suggests that these antigens are gly- 
oprotein in nature’. Seventeen of the serum samples failed to 
ct by either IMI or RIP-SDS/ PAGE. Of the 33 serum samples 
hat were positive for antibody to HTLV-III-related gly- 
coproteins, 23 also proved positive for antibody to virus core 
ntigens. p24 is the major virion core protein and p53 is pre- 
med to be the gag gene-encoded polyprotein because, as Gallo 
ind his co-workers!“ and workers in our laboratory (T, H. Lee 
nd M.E., manuscript in preparation) have found, it is readily 
recipitated with reference antiserum to disrupted HTLV-II. 

ome haemophiliac samples precipitated a protein of 17,000 

nolecular weight from H9/HTLV-III cells; this protein is also 

recipitated by a reference rabbit antiserum to HTLV-II core 
roteins. 
The 50 haemophiliacs tested included three who developed 
DS. All three tested positive by both procedures. Patients 
ho tested positive ranged in age from 4 to 57 yr and included 

yatients with haemophilia A (32 of 44) and haemophilia B (1 

f 6). When divided according to the time of sample collection, 

8 of 34 (53%) of individuals samples before 1984 were positive 

vhereas 15 of 16 (94%) of those studied during 1984 were 

ositive (one-sided P value <0.002). 

_ Evidence has been accumulating which suggests that a mem- 
ber of the human T-cell leukaemia retrovirus (HTLV) family is 
involved in the pathogenesis of AIDS'~*''~'’, Other retroviruses 
‘have been linked with naturally occurring immunosuppression 
and leukaemia in cats'®, and a virus closely related to HTLV 








has been associated with leukaemias and lymphoproliferative 
diseases that have occurred as part of an AIDS-type outbreak 
in macaque monkeys*. 

We have previously performed IMI on serum samples of 
haemophiliacs to test for the presence of antibodies to membrane 
antigens of cells infected with HTLV-I (HTLV-MA)*!!!°, 
Haemophiliacs were also tested for antibodies to 
cytomegalovirus (CMV) and Epstein-Barr virus (EBV)””. Sixty- 
nine per cent of haemophiliacs had antibodies to EBV and 42% 
had antibodies to CMV. Approximately 12% of 172 asympto- 
matic haemophiliacs from four cities tested positive for HTLV- 
MA: specificity was confirmed with RIP-SDS/ PAGE’, Because 
a significant proportion of the haemophiliacs from New York 
had evidence of antibodies to HTLV-MA before 1980, when 
AIDS was first described in the United States, it seemed likely 
that some had been exposed to a conventional strain of HTLV 
rather than to HTLV-II, the strain that seems to be the aetiologi- 
cal agent of AIDS’. 

The present results suggest that exposure to HTLV-II] is 
widespread in asymptomatic haemophiliacs. Earlier studies 
indicated that antibodies to HTLV-I and HTLV-II envelope 
gene glycoproteins are associated with the development of 
AIDS!'''5?2 presumably because the antibodies are at least 
partially cross-reactive with HTLV-II proteins'“*. Both HTLV-I 
and AIDS, which is thought to be caused by HTLV-III, seem 
to be transmitted by blood transfusions and blood 
products'*?3-*°, In a previous study, two of three haemophiliacs 
with AIDS had antibodies to HTLV-MA of type I’ and in the 








Table 1 Presence of antibodies to HTLV-II in haemophiliacs and healthy laboratory workers 
a Category No. tested HTLV-MA gp4l/gp120/gp160 p24/ p53 
-Haemophilia A 44 32 (73) 32 (73) 23 (52) 
Haemophilia B 6 1 (17) 1 (17) 0(9) 
“1984 16 15 (94) 15 (94) 13 (81) 
“Pre-1984 34 18 (53) 18 (53) 10 (29) 
Asymptomatic 47 30 (64) 30 (64) 23 (49) 
Haemophilia with AIDS 3 3 (100) 3 (100) 0 (0) 
Total haemophiliacs 50 33 (66) 33 (66) 23 (46) 
Healthy laborabory workers 29 0(0) 0 (0) o (0) 





Antibodies to HTLV-MA were determined by IMI, those to gp41/gp120/gp160 and p24/p53 were determined by RIP-SDS/ PAGE. 












“present study two asymptomatic haemophiliacs who sub- 
sequently developed AIDS had antibodies to HTLV-IIL 

_ The observation that the proportion of asymptomatic 
haemophiliacs with antibodies to HTLV-II may have increased 
from 1983 to 1984 deserves further study using sequential 
samples from the same individuals. As the incubation period 
for the development of AIDS following blood transfusion has 
been estimated to range from 10 months to 4 yr”, further studies 
are needed to evaluate the impact of this observation. Antibody 
positivity seems to be an indicator of viral infection in most 
healthy and leukaemic individuals who were naturally exposed 
to HTLV-I- as well as in AIDS patients and healthy male 
homosexuals exposed to HTLV-III'*, However, it is possible 
that a significant proportion of asymptomatic haemophiliacs 
might be exposed only to inactivated HTLV-III rather than to 
live virus; owing to the manufacturing process involved in the 
preparation of commercial factor VIII concentrate. In addition, 
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Interstitial pneumonia linked with reactivation of latent human 
cytomegalovirus due to iatrogenic immunosuppression can be a 
serious complication of bone marrow transplantation therapy of 
aplastic anaemia and acute leukaemia’. Cellular immunity plays 
a critical role in the immune surveillance of inapparent 
cytomegalovirus infections in man and the mouse'~’. The molecular 
basis of latency, however, and the interaction between latently or 
recurrently infected cells and the immune system of the host are 
poorly understood. We have detected a so far unknown antigen in 
the mouse: model. This antigen is found in infected cells in associ- 
ation with the expression of the herpesvirus ‘immediate early’ 
genes and is recognized by cytolytic T lymphocytes (CTL)®. We 
now demonstrate thatan unexpectedly high proportion of the CTL 
precursors generated in vivo during acute murine cytomegalovirus 
infection are specific for cells that selectively synthesize immediate 
early proteins, indicating an immunodominant role of viral non- 
structural proteins. 

According to the static state hypothesis of latency”, it is 
assumed that viral progeny are not produced because the tran- 
scription process of the virus is interrupted reversibly at an early 
stage in the cycle of virus multiplication. In herpes virus infec- 
tions of permissive cells in vitro, analysed in detail for herpes 

implex viruses'”''', viral protein synthesis is coordinately regu- 
lated and starts with the expression of the ‘immediate early’ 
E) genes, which are transcribed by host RNA polymerase IL. 
TE proteins exert important control functions as exemplified 
ir abilit to act as transcriptional activators'*" and they 
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presence of antibodies to HTLV-HI indicates immunizat 
infection or an asymptomatic carrier state. In addition, th 
relationship between HTLV-II seropositivity and immu 



























among apparently healthy haemophiliacs” 
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Table 1 Determination of the IL-CTLp frequency by LDCC 








No. of IL-CTLp 





























Dose of lectin — [L-CTLp per 10° lymphocytes a 
(ug ml~') frequency (95% confidence limits) pMC 
ConA 5 1/5,900 171 (126-215) £0.23, 

10 1/2,800 359 (217-502) OAL 
20 1/2,600 383 (270-495) 0.50 
PHA 5 1/5,600 179 (124-234) 0.24 
10 1/9,500 105 (71-140) 0.52." 
20 1/7,600 132 (93-171) 0.24 





BALB/c (H-2? haplotype) mice were infected at the left hind: footpad 
with 10° PFU of tissue-culture propagated MCMV (ATCC VR- 
Smith strain) and 8 days later lymphocytes derived from the drainin 
popliteal lymph nodes were tested for the frequency of activated CTL 
in a limiting dilution assay””. In brief, graded numbers. of lymphocytes 
were cultivated for 6 days in 96-well round-bottomed microtitre plat 
with no addition of viral antigen using medium MEM-a (Gibco) suppl 
mented with 10% vol. fetal calf serum and 20% vol. interleukit 
containing supernatant. Starting the dilution series with 1 <10° lym. 
phocytes, 7 log, dilution steps were performed with 24 replicate micro 
cultures each. To detect all CTL clones irrespective of their:antigen- 
specificity, the LDCC assay was applied. Various doses of the lectins 
Con A (Pharmacia) or PHA (Flow Laboratories) were added: to 
“Cr-labelled, noninfected MEF and CTL at the beginning of a standard 
3-h *'Cr release assay. Precursor frequencies were estimated from: 
proportion of nonresponding microcultures using the minimum x 
(MC)? and maximum likelihood (ML)*? methods. Only the results of 
the MC evaluation are shown. 

* Probability calculated by MC method. According to the proposition 
of Taswell** an estimate was accepted for a probability of P > 0.05 and 
a ML~- MC deviation of <10%. 


viruses to permit transcription of the ‘early’ and ‘late’ genes!* 
Interference with viral transcription at the stage of the expression 
of IE genes may be involved in establishing viral latency; hence. 
many efforts have been made to clone and map the LE regions 
of herpesvirus genomes, including those of human'>!® an 

murine cytomegalovirus (MCMV), In particula 
expression of IE genes must be one. of the first events 

reactivation From, latency, Selective re synithesis ot 1 
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Fig. 1 High frequency of LYDIEA-specific IL-CTLp. CTL were 
“generated by in vitro interleukin-mediated expansion of in vivo 
“activated interleukin-receptive CTLp (IL-CTLp) as outlined in 
Fable 1. Second-passage mouse embryo fibroblasts (MEF) were 
used as a source of target cells for the °'Cr-release assay. To 
determine the negative or positive reference frequencies, noninfec- 
ted MEF were used either in the absence of lectin or with addition 
of 20 pg ml”! Con A, respectively. Infected target cells after selec- 
tive expression of immediate early genes (IE-MEF) served to 
determine the frequency of IL-CTLp specific for the immediate 
early antigen (LYDIEA) of MCMV. Details of the limiting dilution 
assay are given in Table 1 and details of the target cell preparation 
in Table 2. 


the expression of an antigen on the cell surface®. This antigen 
cognized by CTL and was therefore designated lymphocyte- 
detected IE antigen (LYDIEA). LYDIEA-specific CTL rep- 
sented a distinct subset, separate from those CTL recognizing 
ral structural antigens®. The mere fact, however, that during 
MCMV infection LYDIEA-specific CTL are generated did not 
ow definite conclusions about the relative significance of the 
immune response to LYDIEA in comparison with the response 
other antigens specified by MCMV. 

The solution of two experimental problems was a prerequisite 
for attempts to evaluate the significance of LYDIEA. First, in 
primed CTL precursors (CTLp) can be detected only after 
onal expansion in vitro by testing their cytolytically active 
rogeny. This expansion has to be performed in the absence of 
antigen because restimulation in vitro may favour or disfavour 
he growth of CTLp specific for certain antigens and thereby 
cause a distortion of the numerical in vivo representation of 
specificities. The expansion of interleukin-receptive CTLp (IL- 





CTLp) by interleukin solves this problem as that procedure 
selects cells only on the basis of differentiation” 

The second problem arises from the fact. that progeny CTL 
are usually detected by their ability to recognize target cells 
carrying the relevant antigens. This recognition requires. 
sufficient amounts of antigen to be present at the cell mem- 
brane”'. Selective and sufficient expression of LYDIEA can be 
achieved*, but it is not certain in a particular experiment whether 
each of the other viral antigens is also expressed sufficiently. 
Therefore, to detect all 1L-CTLp generated during MCMV infec: 
tion regardless of their antigen-specificity, the lectin-dependent: 
cellular cytotoxicity (LDCC) assay was applied. In this assay 
the T-cell mitogenic lectins concanavalin A (Con A) and 
phytohaemagglutinin (PHA) are used to bypass the requirement 
for specific interaction between CTL and target cells”. The 
highest frequency of IL-CTLp was measured when ConA was 
added at doses of 10-20 Bg ml”! (Table 1). The fact that the 
corresponding frequency in unprimed mice ranged from | in 
70,400 to 1 in 91,400 lymphocytes (data not shown) proved that 
the CTL detected in the lectin-dependent cellular cytotoxicity 
(LDCC) assay were derived from in vivo sensitized precursors. 
This condition was then used to assess the total frequency of 
IL-CTLp. 

The results of a representative limiting dilution assay are 
shown in Fig. i and those of an independent second experiment 
summarized in Table 2. The frequency of LYDIEA-specific 
IL-CTLp present in a draining popliteal lymph node was found 
to be | in 6,600 lymphocytes (Fig. 1) or 1 in 6,900 lymphocytes, 
respectively (Table 2), This determination was carried out on 
target cells that selectively expressed high amounts of IE pro- 
teins. The selective transcription of IE genes in target cells was 
achieved by infection in the presence of the translation inhibitor 
cycloheximide that led to an accumulation of IE RNA. The 
subsequent release from cycloheximide and further cultivation 
in the presence of the transcription inhibitor actinomycin D 
then resulted in an enhanced synthesis of IE proteins and 
simultaneously prevented further viral transcription®” 

During noninterrupted (productive) infection, the synthesis 
of IE proteins is followed by the synthesis of so-called early 
proteins and, after viral DNA replication, of late proteins which 
include the major viral structural proteins'’**, Among those 
especially the glycoproteins of the virion envelope should con- 
tribute significantly to the antigenicity of infected cells. 
Nevertheless, when tested on cells corresponding to the late 





Table 2 


IL-CTLp frequencies as determined by antigen-specific or lectin-dependent cellular cytotoxicity 












Target cell (virus dose; inhibitors) 


EF (—; CH-Act.D 
EF+Con A (—;CH-Act.D) 


- [E-MEF (0.05: CH-Act.D) 
Late-MEF (0.05; -Act.D) 


V-MCMV-MEF (0.05; CH-Act.D) 
‘UV-MCMV-MEF (0.5; CH-Act.D) 
UV-MCMV-MEE (3: CH-Act.D) 


No. of EL-CTLp 
per_10° lymphocytes 


{L-CTLp frequency (95% confidence limits) pMc 
1/166, 400 6 (4-8) 0.35 
1/2, 700 371 (226-516) 0.27 
1/6, 900 146 (97-195) 0.16 
1/11, 300 89 (60-118) 0.24 
1/85,300 12 (8-16) 0.35 
1/44,300 23 (12-33) 0.16 
1/14,900 67 (48-86) 0.08 











cond-passage MEF were used as target cells throughout. Infection was performed under centrifugal enhancement conditions’ (800g for 30 min). 
‘the indicated virus dose of infection that is given in plaque-forming units (PFU) per cell as determined in a conventional plaque titration’ 
issay. The centrifugation enhances the efficiency of infection by 20- to 80-fold and thus a virus dose of 0.05 PFU corresponds with an effective 
iplicity of about 1-4 PFU per cell. At a multiplicity of 100-400 PFU per cell target cells started to disintegrate and therefore the application 
gher doses was precluded. For the preparation of IE targets and the appropriate controls, infection and 3h of cultivation were performed in 
-presenceé of cycibheximide (CH, 50 pg ml~'). Thereafter, CH was washed out and actinomycin D (Act.D, 5 pg ml~') was added. Only for the 


reparation of the late-MEF target, infection was carried out in the absence of CH and viral replication was allowed to proceed for 20h until 
transcription was stopped by addition of actinomycin D. To test lectin-dependent cytotoxicity, Con A was added-during the effector phase at a 
“final dose of 20 ug/ml. For mock-infection of MEF, partially purified stock virus (2x 10° PFU ml ')™ was diluted with phosphate-buffered saline 
“to a final concentration of 1x10’ PFU ml”! and then exposed as an l-mm layer to a 10-min irradiation with a 90 W UV-illuminator at 254 nm. 
The distance between specimen surface and ultraviolet-screen was adjusted to give an intensity of 30) m° s~’. To: control the effect of irradiation 
in viral protein synthesis**, MEF were infected with the highest dose of virus used in the experiments (5 PFU equivalents per cell) and IE protein 
ynthesis was enhanced by inhibitor treatment. Monoclonal antibody 6/58/1 (to be described elsewhere) was then used to detect IE nuclear antigen 
by indirect immunofiuorescence. Irradiation of virus for 2.5 min (4,500 J m~”) reduced the number of TE-antigen positive e cells to less than 1% and 
fter. 5min of irradiation viral Protein utes was abolished i in all cells. ; ; f 


















tage of viral replication, the frequency of IL-CTLp was only 

n 12,800 lymphocytes (not depicted in Fig. 1) or 1 in 11,300 

lymphocytes, respectively (Table 2). 
In addition to de novo synthesized antigens, virion proteins 
or glycoproteins inserted into the cell membrane during the 
process of penetration can directly account for an antigenicity 
of MCMV-infected cells. This has been demonstrated previously 
by infection of cells i in the continuous presence of actinomycin 
D or cycloheximide®. Different treatment, mock-infection with 
‘UV-inactivated virus, still permits the synthesis of cellular pro- 
teins which might be induced by viral structural proteins and 
could also contribute to target formation. This control is there- 
fore indicated to discriminate between target antigens induced 
by the IE activity of the viral genome and those antigens whose 
expression does not require IE protein synthesis. When mock- 
infection of targets was performed with a dose of ultraviolet- 
inactivated virus equivalent to the dose of infectious virus 
applied for preparing the IE target, the frequency was only | 
IL-CTLp in 85,300 lymphocytes (Table 2). This result proved 
that the high frequency of 1 IL-CTLp in 6,900 lymphocytes, 
detected with the IE target, was indeed due to the expression 
of an JE antigen and thus referred to LY DIEA-specific IL-CTLp. 
This conclusion is further confirmed by the finding that in the 
absence of viral genome-induced protein synthesis even a hun- 
dred-fold increase in the virus dose did not allow to detect the 
number of IL-CTLp that could be detected with the IE target 
or with the productively infected target (Table 2). 

The total frequency of IL-CTLp in these experiments was 
found to be | in 3,100 lymphocytes (Fig. 1) or 1 in 2,700 
lymphocytes, respectively (Table 2). Hence, based on the deter- 
mination of the total IL-CTLp frequency, the LYDIEA-specific 
subset comprised 40-50% of all IL-CTLp generated during 
ens 
. The finding that such a substantial proportion of the IL-CTLp 
T cognize an antigen expressed during the IE phase of viral 
lication was unexpected because transcription at that stage 
is restricted to only few genes, while extensive transcription 
from the whole genome occurs at later stages’? 

Three possibilities might explain the high frequency of 
LYDIEA-specific IL-CTLp: First, the primary T cell specificity 
repertoire of BALB/c mice may already contain a high relative 
number of precursors specific for this antigen. There is no 
approach to test this possibility as limiting dilution experiments 
have revealed an extremely low frequency of primary CTLp 
specific for MCMV” or herpes simplex virus** and that is why 
a reliable comparison between particular antigens is not feasible. 

Second, the expression of antigens may be different in the 
tissues of the infected animal than predicted from the productive 
infection of embryonic fibroblasts in vitro. Since in the 
immunocompetent host MCMV does not replicate at the site of 
intraplantar infection, whereas after immunosuppression fibro- 
blasts of the footpad tissue are productively infected (manuscript 
in preparation), the immune system is involved in terminating 
the in vivo viral replication at an early stage. This could imply 
a preferential sensitization of LYDIEA-specific CTLp and 
explain the high proportion of LYDIEA-specific IL-CTLp in 
the draining lymph node. We are now testing the amount of IE 
gene expression by in situ hybridization using cloned viral DNA 
fragments’? 

Third, the IE antigen may be highly immunogenic. Its 
molecular identity has first to be defined in order to evaluate 
this alternative. At present it is known that the expression of 
LYDIEA requires transcription and translation® and coincides 
with the synthesis of a phosphorylated but not glycosylated 
protein of 89,000 apparent relative molecular mass. This protein 
and its post-translational modification products are the 
dominant IE proteins located in the nucleus and cytoplasm of 
infected cell (G. M. Keil et al., in preparation). Since recogni- 
tio by CTL must be considered as a prima facie evidence for 
‘surface localization of an antigen, the actual relationship 
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ween these. serologically detectable intracellular proteins and.. 
LYDIEA aunes further bal hea The presener of 













































nonglycosylated viral proteins, located predominantly in 
nucleus and cytoplasm, coincides with the recognition of infi 
ted cells by CTL also in other virus infections such as Epste 
Barr virus’®, simian virus 40°””* and influenza virus?" In th 
context it has been suggested that processed products rathe 
than the intact protein may represent the actual antigen?" o 
that the intracellular protein may modify other viral or cellula 
products”. 

Irrespective of the so far unknown molecular identity. o 
LYDIEA, the requirement of IE proteins for the synthesis 
viral structural proteins during acute infection or after reactiva 
tion from latency raises the possibility of a physiological rol 
of LYDIEA-specific CTL in the surveillance of viral laten 
LYDIEA-specific memory-CTL which are present in i 
infected mice? could be activated as soon as IE genes 
expressed and eliminate recurrently infected cells befas 
assembly of progeny virions. 
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There is now good evidence that cytoplasmic pH (pH,) may have 

an important role in the metabolic activation of quiescent cells’: 
In particular, growth stimulation of mammalian fibroblasts leads 
to a rapid increase in pH, (refs 3—6), due to activation of a Na*/ H? 
exchanger in the plasma membrane“, and this alkalinization i 
necessary for the initiation of DNA synthesis’. However, th 
mechanism by which mitogens activate the Na*/H”™ exchanger t 
raise pH, is not known, although an increase in cytoplasmic | free 
Ca wD has been Pnn as the primary trigger” Y". W 








tion ‘through protein kinase C, a phospholipid- and Ca?*- 
indent enzyme normally activated by diacylglycerol produced 
rom inositol phospholipids in response to external stimuli ™?, 
sing newly developed pH microelectrodes and fluorimetric tech- 
we show that a tumour promoting phorbol ester and syn- 
etic diacylglycerol, both potent activators of kinase C (refs 
2-15), mimic the action of mitogens in rapidly elevating pH, in 
different cell types. Furthermore, we demonstrate that, contrary 
previous views, an early rise in [Ca**], is not essential for the 
activation of Na*/H* exchange and the resultant increase in pH,. 
nally, we suggest that an alkaline pH, shift, mediated by Na*/H* 
thange, may be a common signal in the action of those hormones 
ch elicit the breakdown of inositol phospholipids. 

‘Human foreskin fibroblasts (HF cells), HeLa cells and mouse 
E-115 neuroblastoma cells, grown on rectangular glass cover- 
s, were loaded with the fluorescent pH indicator 2',7’- 
carboxyethyl)- 5 6-carboxyfluorescein (BCECF) by uptake 
its membrane-permeable ester'®, and the pH,-dependent 
emission intensity from the cells was continuously monitored 
described previously*'’. In addition, pH; was directly 
easured in large NIE-115 cells by means of a novel type of 

H-sensitive intracellular microelectrode (see Fig. 1 legend). 








that the Na*/H* exchanger is set in 








“The tumour promoter 12- Jtetradecanoyl-phorbol-13-acetate : 
(TPA), which binds to and directly activates protein kinase. 
Cc"? induces a tise in pH; of ~0.15 units within 10 min in all. 
three ‘cell types studied. Typical pH, recordings are shown in 
Fig. la, b, while Table | summarizes the major results. The effect. 
of TPA on pH, is dose dependent, half-maximal effect being 
observed at ~25 ng ml™', whereas 0.5 pg mi”! of the biologically © 
inactive TPA analogue 4-a-phorbol-12,13-didecanoate fails to 
elevate pH, (not shown). The direct intracellular recordings in 
NIE-115 cells also show that TPA has no significant effect on 
membrane potential (Fig. 1b). 

The TPA-induced pH, shifts resemble those induced by poly- 
peptide growth factors in fibroblasts**®, suggesting that the 
underlying mechanism is the same, namely activation of 
Na*/H* exchange. Indeed, TPA stimulates Na“ influx in quies- 
cent fibroblasts'*, while the TPA-induced pH, response of all 
three cell types is completely inhibited by removal of external 
Na* (Fig. 1c) and by 25 pM of 5-N-ethylisopropylamiloride 
(not shown), a potent inhibitor of the mammalian Na*/H* 
exchanger (ref. 19 and W. H. M. and E. Cragoe, unpublished 
data). Furthermore, the effects of platelet-derived growth factor 
(PDGF) and TPA on pH; in HF cells are not additive (Fig. 1d). 
Yet, the PDGF/TPA-induced pH; shift is apparently not limited 
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ig. 1 a, Time course of increase in pH; induced by TPA (200 ng mi~') in mouse NIE-115 neuroblastoma cells. Subconfluent cultures, 
ttached to a glass coverslip, were deprived of serum for 24h and loaded with BCECF as described previously*. The cells were incubated in 
|EPES-buffered Dulbecco's modified Eagle’s medium (DMEM, pH 7.40) without phenol red and pH-dependent fluorescence was measured 
06-332 nm using a Perkin Elmer model 3000 fluorescence spectrometer, The fluorescence of BCECF varies linearly with pH over the range 
7.6 (ref. 17). Temperature was maintained at 32°C. Similar TPA-induced shifts in pH, were observed in serum-deprived HeLa cells 
ubconfluent) and HF cells (confluent). b, Direct measurement of pH; and membrane potential (V,,,) in large N1E-115 cells (diameter > 40 pm), 
netrated by a pH-sensitive microelectrode and a voltage-measuring microelectrode, showing rapid recovery of pH; from a NH7 -induced 
acid load, and TPA-induced rise in pH. pH, regulation in NIE-115 cells, as in HF cells and HeLa cells, is almost entirely mediated by 
miloride-sensitive Na*/H* exchange (refs 4, 17, 32 and W.H.M., unpublished results). The method for constructing pH-sensitive microelec- 
odes is described below. Solutions were exchanged by rapid perfusion. Other experimental details are essentially similar to those described 
previously”**. Final TPA concentration, 200 ng mi~'. External pH 7.40. Temperature, 35°C. e, Lack of effect of TPA on pH, in BCECF-loaded 
NIE-115 cells maintained in Na*-free medium. Na* was replaced by bis(2-hydroxyethyl)dimethylammonium. Cells rapidly acidify in Na*-free 
‘medium, but pH, immediately recovers after re-addition of Na‘ (see refs 4, 17, 32). d, Effects of PDGF (40 ng ml™'), TPA (200 ng ml™') and 
monensin (5 uM) on pH, in BCECF-loaded culture of quiescent HF cells. Insulin was present at 5 pg ml” to potentiate PDGF-induced pH; 
shift (insulin alone has no effect on pH,; ref. 4). Human PDGF (>95% pure) was added in the presence of 100 pg mi™? bovine serum albumin 
“sentially fatty acid free). e, Effect of synthetic OAG (50 pg ml!) on pH, in BCECF-loaded N1E-115 cells. OAG stock solution in dimethyl 
ulphoxide (DMSO) was diluted to 1% DMSO. with DMEM + 50 ug mi’ bovine serum albumin (fatty acid free). A 250-p1 aliquot of this 
“OAG. solution was then briefly sonicated under N, and immediately added to the cells. The final DMSO concentration was 0.1%, which alone 
had no effect. 
Aethods: Construction of pH-sensitive microelectrodes: An 8-mm length of pH-sensitive glass tubing (outer diameter 1.0 mm; inner diameter 
5mm; Clark Electromedical Instruments) was placed in the centre of a 5-cm piece of insulating lead glass tubing (outer diameter 1.6mm; 
all thickness <0.15'mm). The coaxial tubes were pulled into two microelectrodes using a horizontal micropipette puller. About 50-60% of 
‘the electrodes then contains.a sealed. pH-sensitive tip with an outer diameter of <0.5 ym. Electrodes were first filled with methanol by boiling 
under reduced pressure at room temeprature, Methanol was then replaced with 0.1 M HCI by diffusion. Subsequently, the electrode tips were 
immersed into a chromic acid cleaning solution for 12-24 h before experimentation. Electrodes were tested for giving a nemstian response to 
H changes (54-58 mV per pH unit) and having resistance of 1-2 x 10° Q. The speed of response to a sudden pH change of | unit was about 
15=20s. Selected electrodes could be stored for a few days (tips in chromic acid) before obvious deterioration: The construction of this novel 
‘type of pH-sensitive electrode was found to be much easier than that of the common ‘Thomas type’ pH microelectrodes”. Further details 
will be described elsewhere. 
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Fig.2 Rapid changes in [Ca?°*]; in HF cells after addition of FCS 
(10% ) (a), PDGF (40 ng mi™') (b) and TPA (c; trace 1,50 ng ml”; 
trace 2, 200 ng ml™') at time zero. Quiescent HF monolayers were 
loaded with quin-2 by incubating them in DMEM containing 
50 uM quin-2 acetoxymethylester (Amersham) for 30 min at 37°C 
and [Ca**],-dependent fluorescence was continuously measured at 
339-500 nm (temperature, 32°C). Signals were calibrated essen- 
< tially as described elsewhere*®**. Resting value of [Ca’*], is esti- 
mated at 140 nM, while peak values of the FCS and PDGF traces 
correspond to ~400 and 300 nM [Ca**],, respectively. 








_ by the magnitude of the transmembrane Na* and H* gradients, 
-as pH; can be increased still further by addition of the Na*/H* 
ionophore monensin (Fig. ld), From these results we conclude 
that TPA, like growth factors*®, raises pH; by activating the 
otherwise quiescent Na*/H* exchanger in the plasma mem- 
brane. 
-` If activation of Na*/H* exchange is mediated by kinase C, 
an alkaline pH, shift may be expected after addition of an 
unsaturated diacylglycerol such as 1-oleoyl-2-acetyl-glycerol 
(OAG; refs 14, 15). In physiological conditions, 1,2-diacylgly- 
cerol is produced from hydrolysis of inositol phospholipids and 
serves as the endogenous activator of protein kinase C'!*, As 
illustrated in Fig. le, addition of 50 pg mI7' OAG to NIE-115 
cells does indeed induce a rapid alkaline shift in pH; of at least 
0.1 unit. A similar shift was observed in OAG-treated HeLa 
cells. Other lipid degradation products such as phosphatidic 
acid and arachidonic acid, a precursor of prostaglandins, were 
unable to raise pH; Furthermore, indomethacin (5 uM), a 
potent inhibitor of prostaglandin synthesis, did not affect the 
pH, shifts induced by either TPA or PDGF. Various lipid- 
interacting drugs, such as the phenothiazines, are potent 
inhibitors of protein kinase C°". We found that trifluoperazine 
(TFP) at 10 uM produced ~50% inhibition of both the PDGF- 
and TPA-evoked pH, shifts in HF cells without affecting basal 
pH, levels. (At higher TFP doses the cytoplasm gradually 
acidified, presumably due to a nonspecific membrane perturba- 
tion and consequent H* influx.) The above results, together with 
the fact that growth factors are potent inducers of inositol lipid 
breakdown?*’, strongly suggest that protein kinase C is respon- 
sible for the activation of Na*/H* exchange by mitogens and 
phorbol ester. 
Although the Ca?" ionophore A23187 is incapable of elevating 
i in fibroblasts*, the possibility nevertheless remains that a 
id increase in [Ca 2+, may have some critical role in Na*/H* 
hange activation, as postulated by others’. We therefore 
i Beellularly trapped fluorescent dye quin-2 (refs 24, 
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Table 1 Effects of TPA on pH; 





Resting pH; ApH, ; 
Cell type (mean +s.e.) (relative to control 
HF 7.05 + 0.02 (n = 12) 0.16 +: 0.03 (n ='5) 
HeLa 7.18 + 0.04 0.1740.02 (n =7) 
NIE-115 7.24 + 0.03 0.15+0.02 (n =8) 





Cells were loaded with BCECF and assayed for TPA-induced shi 
in pH, (ApH,) by the K*-nigericin calibration method as. d 
elsewhere*!”, HF and NIE-115 cells were maintained in seru 
DMEM for 24h and HeLa cells for 4h before experimentatio: 
concentration, 200.ng mi”. External pH, 7.30-7.40. Temperature, 
32°C. The number of experiments is given in parentheses. 


25) to monitor [Ca’*], after activation of quiescent H 
NIE-115 cells. Figure 2a, b illustrates typical results from | 
cells, the details of which are presented elsewhere”, and s 
that fetal calf serum (FCS) and PDGF immediately räise 
two- to threefold above its resting level of about 1400M 
mitogen-induced Ca?* signal is initiated without a dete: 
lag period and peaks within | min before slowly declin: 
towards a new steady level. The Ca?” response is not preven 
by removal of external Ca’* (ref. 26), indicating that FCS an 
PDGF act by releasing Ca?” from intracellular stores, probabl 
due to the rapid formation of inositol 1,4. ,5-trisphosphate”’. 
qualitatively similar Ca?" signal was observed in serum-stimu 
lated NIE-115 cells (not shown). 
By contrast, TPA, at concentrations that evoke a signifie 
pH, shift, completely fails to raise [Ca?"]; above basal leve! 
HF cells (Fig. 2c). At 200 ng ml™', TPA even induces a sli 
fall in [Ca?*],. The apparent inability of TPA to elevate [Ca 
agrees with previous findings in quin-2-loaded lymphocytes 
neutrophils” and platelets”. These findings demonstrate 
although growth factors are Ca? *.mobilizing hormones, a 
tise in [Ca**], is not essential for the activation of Na 
exchange b y external stimuli, and they reinforce the notion t 
the Na*/H* exchanger is set in motion mainly through acti 
kinase C. Thus, the simplest and most attractive explanation fo! 
our findings is that protein kinase. C directly phosphorylates 
Na*/H™ exchanger on its cytoplasmic face and thereby increa 
its apparent affinity for intracellular H” (see ref. 4). 
The results reported here raise the interesting possibility tha 
cytoplasmic alkalinization, mediated by Na*/H* exchange, i 
not restricted to the action of growth factors and ‘tumour 
promoting phorbol esters, but that it may commonly occur 
response to those hormones and other surface stimulants w 
trigger the breakdown of inositol phospholipids and the: 
activate kinase C. There is indeed some evidence to support 
notion: in typical model systems of hormone-induced inosito 
lipid turnover, such as platelets and neutrophils, the pH, rise 
rapidly on activation by physiological stimuli*®*'. Further worl 
will be needed to explore the ubiquity of cytoplasmic alkal iz 
ation in hormone action and to identify the pH, -depen 
responses in different target cells. : 
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any receptors for hormones, neurotransmitters and other sig- 
Is cause hydrolysis of phosphatidylinositol 4,5-bisphosphate 
dins(4,5)P.,) and effect a rise in cytosolic Ca?* concentration’. 
inositol 1,4,5-trisphosphate (Ins(1,4,5)P;) liberated during 
|ins(4,5)P, breakdown seems to serve as a second messenger 
hat activates the release of Ca’* from a nonmitochondrial 
cellular compartment”~'”, As expected if it is an important 
intracellular messenger, Ins(1,4,5)P, is relatively rapidly degraded, 
‘within stimulated cells" and when added to homogenates 
lowfly salivary gland or to permeabilized, but not intact, 
ocytes'®, Here we report that the dephosphorylation reactions 
sible for the conversion of Ins(1,4,5)P, to free inositol in 
sare catalysed by two or more enzymes, and that these 
reactions are distributed between the plasma membrane and 
The Ins(1,4,5)P, 5-phosphatase and inositol 1-phosphate 
JP) phosphatase of liver appear similar to enzymes described 
yusly in-érythrocytes’® and brain” 
at liver homogenates were incubated with small concentra- 
ns of **P-labelled inositol phosphates in conditions of ionic 
mposition and pH chosen to approximately mimic those of 
le cytosol of stimulated cells (for details, see legend to Table 
J Ins(1,4,5)P, (labelled in its 4- and 5-phosphate groups), 
0: tol- 14-bisphosphate(Ins(1,4)P,) {labelled in its 4-phos- 
eland Ins(1)P were rapidly degraded during such incuba- 

with hydrolysis-of Ins(1,4,5)P; being the most rapid reac- 
able 1). High-speed centrifugation sedimented a large 
portion of the Ins(1,4,5)P; phosphatase activity and left most 
the Ins(1,4)P, phosphatase and Ins(1)P phosphatase activity 
| the soluble fraction (Table 1). Analysis of the products of 
Ins(1,4,5)P, hydrolysis'*'*® by a plasma membrane/Golgi-rich 
mbrane fraction recovered from a density gradient separation 
(as in Fig. 1) showed selective removal of the 5-phosphate (data 
not shown). 
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Fig. 1 Distribution of Ins(1,4,5)P; 5-phosphatase and various 
marker enzymes after density gradient centrifugation of a rat liver 
nuclei-free homogenate. a, The distribution of Ins(1,4,5)P, 5-phos- 
phatase. 6, The distribution of marker enzymes for cytosol (inulin), 
Golgi membranes (galactosyltransferase, galtrans), plasma mem- 
branes (leucyl-8-naphthylamidase, LNA), endoplasmic reticulum 
(arylesterase, arylest), lysosomes (f-galactosidase, B-gal) and 
mitochondria (glutamate dehydrogenase, GDH). The results 
shown and the recoveries (see below) are for a single representative 
experiment. Data are plotted as the percentages of the total 
recovered activity or component found in each fraction, and values 
of <0.5% of recovered activity have been omitted from b for clarity. 
Methods: Hepatocytes, prepared and incubated as described pre- 
viously", were homogenized using N, cavitation? in 0.25 M 
sucrose containing 3mM TES (2-([2-hydroxy-1,1-bis(hydroxy- 
methylethyljamino)ethane sulphonic acid), adjusted to pH 7.4 
with KOH; 0.4 ml of a nuclei-free homogenate?’ was added to 
0.4 ml of homogenization buffer that had been layered on the top 
of an isoosmotic density gradient of Percoll suspended in 
homogenization buffer (5.5 ml of density 1.052 g ml”! above 1.2: ml 
of density 1.074 g mi™'). Gradients were centrifuged for 15 min at 
73,000g (mean) in a 10 x 10 ml angle rotor. Fractions (214 pl) were 
recovered, and their components and densities assayed as-follows: 
Ins(1,4,5)P, 5-phosphatase (assayed as described in Table 1. 
recovery of loaded activity in fractions from gradient-85%); inulin 
(followed in_a separate gradient in parallel, after addition of 
1.5 pCi mi”! 7H-inulin to homogenate before centrifugation; 100% 
recovery); galactosyltransferase (ref. 24; 84% recovery); LNA (ref. 
25; 96% recovery) (a large proportion of this enzymie activity 
distributes with glucagon-stimulated adenylate cyclase, an enzyme 
concentrated in the hormone-sensitive. sinusoidal domain of the 
hepatocyte. plasma. membrane); arylesterase (ref. 24; 96% 

recovery); B-galactosidase (ref. 26; 111% recovery): GDH (ref. 

ad 81% recovery): 
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Table 1 


First-order rate constants for hydrolysis of inositol phosphates in liver preparations, corrected to the 
enzyme concentrations of the original tissue 














Fraction Ins(1,4,5)P 










“ Homogenate 0.148 + 0.019 
Soluble 0.035 + 0.005 
~- Particulate 0.095 + 0.007 
Washed particulate 0.065 + 0.006 





First-order rate constant (s~') 








Ins(1,4)P, Ins(1)P Ins(4)P- 
0.018 + 0.022 0.007 + 0.001 NA 
0.028 + 0.004 0.009 + 0.002 0.0002 
0.004 + 0.001 0.003 + 0.0004 
0.004 + 0.0004 0.0009 + 0.0003 














electrophoresis”. 






10 NaCl, 70 K* 






m rised (in. mM): 










curve: ESSE hydrolysis of [4-°?P]Ins(1,4)P,. NA, not assayed. 





On density gradient centrifugation of nuctei-free liver 
homogenates, the Ins(1,4,5)P, 5-phosphatase activity of the 
particulate fraction was largely associated with fractions of 
density 1.035 g ml~'; these were rich in plasma membrane and 
‘Golgi markers, rather than those of mitochondria, endoplasmic 
‘reticulum or lysosomes (Fig. 1). Isolated nuclei showed little 
Ins(1, A .5)P; phosphatase activity (data not shown), and Prentki 
A 1! have also reported a low Ins(1,4,5)P, phosphatase activity 
ndoplasmic reticulum membranes from an insulinoma- 
'd cell line. Preliminary studies of highly enriched prepar- 
of plasma membranes and Golgi membranes suggest that 
f of the Ins(1,4,5)P, 5-phosphatase i is associated with plasma 
membranes, as in the erythrocyte’®. The membrane-bound 
activity in liver was near-maximal over a fairly broad range of 
pH (~5.0-7.2), also like the erythrocyte enzyme. The erythrocyte 
Ins(1,4,5)P, 5-phosphatase is very sensitive to inhibition by Ag* 
and Zn“ (ref. 16), but problems of solubility prevented the use 
of these ions in the iso-ionic media employed in our experiments 
with liver cell fractions. However, we have recently shown that 
the erythrocyte enzyme is very sensitive to inhibition by Cd°* 
(C. E. King, unpublished data), and the membrane-bound 
Ins(1,4,5)P, phosphatase of liver is similarly inhibited by this 
ion (Fig. 2). The membrane-bound Ins(1,4,5)P, 5-phosphatase 
activity was insensitive to concentrations of Li* up to 10mM 
and was inhibited only by high concentrations of F” (k; ~3 mM). 
The smaller proportion of the Ins(1,4,5)P; phosphatase activity 
that was present in the soluble fraction was studied in less detail 
(because of the problems inherent in assaying Ins(1,4,5)P, 
hydrolysis without interference from further hydrolysis of the 
liberated Ins(1,4)P3), but its general characteristics appeared 
similar to those of the particulate activity. 
The soluble activity that hydrolysed Ins(1,4)P, yielded both 
a labelled inositol monophosphate and labelled P;. Because the 
Ins(1,4)P, used. as substrate was labelled only in the 4-phos- 
phate, initial attack must have.occurred at either phosphate 
group, The labelled Ins(4)P produced during these incubations 
was slowly dephosphorylated: Ins(1,4)P, hydrolysis was much 
less sensitive to Cd’* inhibition than was hydrolysis of 
rae 4,5)P, (Fig. 2); it was, however, sensitive to inhibition by 
(k; ~2.5 mM) and F-(k; ~0:2mM). The soluble activity 
fexponsibe for Ins(1)P hydrolysis, like the Ins(1)P phosphatase 
in! ? and other tissues! , Was sensitive to inhibition by Li* 












“[4*Plins( 1 A)P. and [4,5-**P]Ins(1,4,5)P, were prepared as described previously'>:'’. °’P-Ins(1)P was produced by phosphodiesterase-catal 

hydrolysis of *?P-phosphatidylinositol using a sdluble liver enzyme preparation (details to be described elsewhere), and isolated by high-voltag 
Rat livers were cleared of blood by perfusion of 0.25 M sucrose/S mM Tris (pH 8.0) through the hepatic portal vein unde 
pentobarbital anaesthesia. The livers were removed, homogenized in the same medium in a glass-Teflon Potter-Elvehjem homogenizer (20-stroke: 
500 r.p.m.), and the homogenates filtered through a 300-um mesh and made up to 3 ml per g tissue. Homogenates were centrifuged at 180,000 
30min and the supernatant and pellet made up to the volume of the original homogenate (to yield ‘soluble’ and ‘particulate’ fractions): Sot 
the ‘particulate’ fraction was again centrifuged and resuspended, to yield the ‘washed particulate’ fraction. The medium used for enzyme incubation 
glutamate, 30 KCI, 4 MgSO, 10 HEPES, 1 EGTA, pH 7.2. Jns( 1,4,5)P, 5-phosphatase activity in t 
0 gical’ medium is rather more than half of that in the ionic strength medium used previously'®, both for erythrocyte membranes and ive 
ctions. Incubations were. in a final volume of I ml, containing 50 pl of the homogenate or cell fraction, and they were continued for’: 
iate period'(1 min to 4h) in order to yield a first- order rate constant for the hydrolysis of the phosphate ester being tested. The substrat 
ncentrations were in the ranges 40-300 nM (for Ins(1,4,5)P, and Ins(1,4)P,) and 8-24 uM (for Ins(1)P). Incubations were stopped by add 
of 12 M perchloric acid containing I mM P,, and released P-P, was estimated as described previously'®. The values given are the means. £s,¢.m 
J. The approximate rate constant for hydrolysis of Ins(4)P is derived from the second exponential (that for **P-Ins(4)P) on a prolonged rat 


> monophosphates, or whether a different enzyme is-involve 
























pool of the cell are as shown below: 
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These results have several interesting implications. Fir 
hydrolysis of Ins(1,4,5)P; involves the selective removal 
5- phosphate by a phosphatase which appears to be local 
at least in part, at the plasma membrane. This enzyme 
effectively terminate the mobilization of Ca** by Ins(1,;4; 
as it yields Ins(1,4)P, which is essentially incapable of mobilizin 
Ca?” from intracellular stores’”'?. From the relatively limite 
results obtained so far, it seems that the Ins(1,4,5)P; 5-phos 
phatase of liver is very similar to that of the erythrocyte bot 
in its plasma membrane localization and its inhibition char: 
teristics. The function of the Ins(1,4,5)P; 5-phosphatase activity 
of erythrocyte plasma membranes is unknown, but it might b 
a remnant of a hormonal signalling system which functione 
during the haematopoietic stages of the cells’ development 
This would be analogous to the retention of the guanyl nucleo 
tide-dependent coupling proteins of the adenylate cyclase sys 
tem in mature erythrocytes (for example ref. 20). The similarit; 
between the membrane-bound Ins(1,4,5)P, 5-phosphatases o 
liver and erythrocytes provides some support for the notion th: 
the experimentally accessible erythrocyte enzyme may be useful 
for investigating the characteristics of the enzymatic mecha 
ism(s) by which Ins(1,4,5)P, is inactivated in stimulated cells. 

Hydrolysis of Ins(1,4)P, and of both isomers of InsP is muc 
slower than hydrolysis of Ins(1,4,5)P3,, as also observed witk 
blowfly salivary gland'*. Thus it seems likely that under norma 
circumstances the former reactions control the rate at. whi 
inositol derived from Ins(1,4,5)P, is returned to the cellular poo 
of free inositol. In the presence of Li’, these reactions are 
substantially inhibited, and inositol is trapped in the’ 
phosphates '??!, a 

The hydrolysis of Ins(1,4)P, by soluble phosphatase activity” 
does not show a precise positional selectivity like that of- 
Ins(1,4,5)P,: the 1- and 4-phosphate groups are removed at 
approximately similar rates, and the released Ins(1)P and 
Ins(4)P are both more slowly dephosphorylated by solubl 
phosphatase(s). The studies reported here do not show whether. 
a single enzyme, which is sensitive to inhibition by Li” and F~, 
is responsible for hydrolysis of Ins(1,4)P; and of the inosi 
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Fig. 2 Acomparison of the sensitivities to inhibition by Cd?" of 
particle-bound !ns(1,4,5)P, 5-phosphatase (@), soluble Ins(1,4)P, 
phosphatase (©) and Ins(1)P phosphatase (A) from rat liver, 
Enzyme activities were measured as described in Table 1, in the 
presence of various concentrations of Cd’. Results are the mean + 
sem. (n 24). Values for s.e.m.<1% have been omitted. 


ch reaction. Sherman and colleagues*' have recently identified 
il quantities of Ins(4)P among the inositol phosphates that 
umulate as a result of receptor activity in the brains of 
-treated rats. It seems probable that this novel phosphate 
ter is produced from Ins(1,4,5)P;, generated as a result of 
ceptor activity, by the reactions shown in the scheme above. 
An approximate extrapolation from the first-order rate con- 
ant given in Table | suggests that, in intact liver cells, the half 
life of Ins(1,4,5)P, is likely to be of the order of 4 s, suggesting 
siderably faster degradation of this compound than was 
‘ported in parotid fragments on termination of a stimulus'*'*. 
However, a recent report from Irvine and colleagues has shown 
hat not only Ins(1,4,5)P3, but also inositol 1,3,4-trisphosphate 
ns(1,3,4)P3), accumulates in stimulated rat parotid frag- 
ents’, with the unexpected 1,3,4-isomer predominating. The 
reason only small quantities of Ins(1,4,5)P; were detected might 
be that this phosphate ester is degraded much more quickly 

an Ins(1,3,4)P;; nothing is yet known about the pathway by 
ch.the latter compound is degraded. 
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Sporulation of Bacillus subtilis involves sequential morphological 
and biochemical changes and is regulated by specific genes (spo 
genes) estimated to occupy more than 30 loci'?. A mutation in 
any one of these genes blocks the sporulation process at the 
corresponding developmental stage. Despite intensive genetic 
studies, the nature and function of the spo gene products remain 
unknown. Vegetative B. subtilis RNA polymerase core enzyme ` 
may interact with several sigma factors and discriminate among ` 
different classes of promoters’. During sporulation, new polypep- 
tides are associated with the core enzyme which may have a central 
role in modifying its promoter recognition specificity’’. As a first: 
step to understanding their function in the switch from vegetative 
to sporulation mode, several early sporulation genes have been 
cloned and analysed*”’, Here we report the cloning and nucleotide 
sequence of the spolIG gene of B. subtilis*’. This gene encodes 
a polypeptide with a predicted relative molecular mass of 27,652 
which contains a 65-amino acid region highly homologous to an 
internal part of the Escherichia coli sigma factor. 

From a genomic library constructed as described previously”, 
but enriched in DNA restriction fragments of 2-6 kilobases (kb). 
we isolated a new recombinant plasmid that was able to trans- 
form to the Spo” phenotype both Rec’ and Rec” spollG 
recipients, indicating that the insert carried the entire spolIG 
locus. The 3.6-kb insert was analysed by endonuclease restriction 
mapping (Fig. 1) and was further reduced by several subcloning 
steps. Ligation of a 1.1-kb PstI fragment in the PstI site of the 
pHV33 vector yielded plasmid pGSIIGH, still carrying the 
intact spollG locus, as shown by its transforming activity. 

The 1,133-base pair (bp) nucleotide sequence of the 
pGSIIGI1 insert (Fig. 2) was determined by the method of 
Maxam and Gilbert!’ according to the strategy outlined in Fig. 
|. There is only one large open reading frame potentially encod- 
ing a polypeptide. As the requirements for translation initiation | 
are more stringent in Gram-positive bacteria than in E coli’, 
a strong ribosome binding site is usually found in the vicinity 
of the translational start codon of B. sutbilis genes. Such a 
sequence, AGAAGGGAG, appears at position 164 and precedes 
by six nucleotides an in-frame ATG codon. It seems probable 
that initiation of translation in vive occurs at this codon, leading 
to the synthesis of a 239-amino acid polypeptide with a relative 
molecular mass (M,) of 27,652. This polypeptide is rich in 
charged amino. acids (33.5%) with an excess of basic residues 
over acidic ones (42 versus 38}. These charged residues are not’ 
randomly distributed: the basic ones are clustered in the terminat | 
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1 Cloning, endonuclease restriction map and sequencing 
t y ofthe B. subtilis spolIG. gene. Partial Sau3A digests of 
të B. subtilis genome have previously'” been cloned in the BamHI 
‘site of the pHV33 shuttle vector’. A hybrid plasmid carrying the 
pollG transforming activity was selected in the Rec” derivative 
f strain Bs50 (metC3, tall, spol1G41). This recombinant plasmid, 
_pGSIIG3, was shown to carry a 3.6-kb insert that was further 
reduced, without losing its biological activity, to a 1.1-kb PstI 
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fragment claned in the PstI site of plasmid pHV33 (plasmid z a eo ES. z 
-pGSIIG11). This fragment was recloned in the PstI site of plasmid R / S z o 2 Sax & 
pUCS8 (ref. 26), which introduced a BamHI and a HindIII site on = pa 8 = = a 








«the borders. of the insert (shown in parentheses). Fragments were a HGN (1. Kb) 
“= dabelled either at their 5’ ends using polynucleotide kinase (indi- 

cated by closed circles) or at their 3’ ends with DNA polymerase —_ 7 i Ra 

(open circles). Labelled ends were segregated by secondary restric- 

tion cleavage or by strand separation''. DNA sequencing was done oe oe cement é 
according to the procedure of Maxam and Gilbert''. Arrows indi- es 

the extent of each sequence determination. Both strands were 

} letely ‘sequenced and- all restriction sites used for labelling 

y overlapping with an adjacent fragment. The heavy bar 

shows the spolIG coding sequence. 
















50 i 00 
CTGCAGATAAATGTT TAATCGGTATCAGCACAACAAAGCTGTCGGCAGATGGAGAGTTTGACGCGATTATTCATCCGAAAATGCTTTCGGGCAAGGCTGTC 







ACACGTTTCATAATGTTCGCAAATGTCCGTTACTTATCATACTCAAACGGCGTGACATTTAGAAGGGAGAGGAAGATGAAAAAACTGAAATTACGGTTGACGCAC 
fMetlL ysLysLeuLysLeuargbeuThyen, 







CTCTGGTATAAGCTGCTGATGAAACTTGGGCTGAAAAGTGATGAAGTCTATTACATAGGCGGGAGTGAAGCCCTGCCGCCTCCATTATCTAAAGATGAGGAGCAG 
Leutrp?yrlysleuLeuMetLysleuGl yLeulLysserAspGluval Tyrtyrllecl yGlyserGl uAlaLeuProProProLeuSerLysAspGluGl ugin 


350 400 


GITTTGTTAATGAAGCTCCCAAACGGCGATCAGGCGGCGCGCGCCATTCTAATTGAACGCAATTIGCGTCTGGTCGTATATATCGC CCOTAAATTTGAAAATA 
ValLeuLeuMetLysLeuProAsnGl yAspGlnAladlaArgAlalleLeulleGluargAsnLeuArgLeuVal Val Tyr lleAlaarglysPheGluAsnt! 


450 500 


GGAATTAATATAGAGGATTTAATCAGCATCGGTACCATCGGTCTAATCAAAGCTGTTAATACATTTAATCCAGAAAAGAAAATCAAGCTTGCTACCTATGC( 
GlylleaAsnTleGluAspLeulleSer lleGlyThrlleGlyLeulleLysAlaValAsnvhrPheasnProGluLyslysllelyslLeudlathr Tyra las 


$50: 600 


CGGTGTATAGAAAATGAAATCCTGATGTATT TAAGAAGAAATAACAAAATCCGTTCAGAGGTTTCCTTTGATGAACCGCTTAATATIGATTGGGACGGCE 
n codon at nucleotide 179. A puta- ArgCysIleGluAsnGlulleLeuMetTyrLeuArgArgAsnăsnLysIleArgSerGluValSerPheAspGluProLeuäsnil beats Yi 


ibosome binding site’? is under- ; ES ‘ ; i 2 bes ; kas 
“The stop codon is indicated by CTTTTGCTTTCTGATGTGCTCGGCACTOACGATGACATCATCACTAAAGACATAGAAGCTAACGTCGATAAAAAGC TTTTGAAARAAGCGCTTGAACAGK 


asterisks. LeuLeuLeuSerAspValLeuGl yThraspAspAsplielleThrLysAsplleGlualaAsnValaspLysLysLeuLeuLysLysAlaLeuGl UG nile 
750 800 a 


GAGAGAGAAAAGCAAATCATGGAGCTGCGGTTTGGGCTTGTCGGTGAAGAAGAAAAAACCCAAAAGGATGTAGCGGATATGATGGGGATTTCTCAGTCTTATATT 
GluaArgGluLysGlnIlemetGluLeuArgPheGl yLeuVal Gl yGluGluGluLystThrGlnLysaspValAlaAspMetMetGl yIl ate l 


8 50 200 


TEGCGGCTTGAGAAAAGAAT TATAAAAAGGTTGAGAARAGAGTTCAACAAAATGGTGTAAAAAATTTTATGGTTAGAACCCCTTGATTTTACAGGGATTTCCT 
SerargieuGlubysaArgilelleLysArgbeuarglysG] uPheaAsnLysMetValeee 


9 5 0 1000 
TTTCGACAGTTTTTCGGTCTGAGTGCAGTGCATATTTTTC CCACCCAAGGAGATACTTAACGTTGTACAGCAGCTCC TGTAGGEAGGGAARARAGTETCGAGAAA 
pi o 50 i a OG 
TAAAGTCGAAATCTGCGGGGTGGATACCTCCAAATTACCAGTACTCAAGAATGAAGAGATGAGAAAGCTGTTTAGGCAGCTGCAG 

























‘Fig. 2 Nucleotide sequence of the B. 
“os. gubtilis spolIG gene. Only the non- 
>i transcribed DNA strand is shown. 
< Numbering is from the 5’ end. The 
redicted amino acid sequence is 
nslated from the presumptive initi- 








ne 


Fig. 3 a, Alignment of 
the amino acid sequence 
of the B. subtilis spollG tee 


a i Be 
bad 
k ‘ B.subtilis spollG 58 JA j ae LRLYV V E j F E DL TPS. 
-oogene product with that of i 
withe E. coli sigma factor. E.coli Sigma Sa AN f ee aloe QF LID LGE 
- The one-letter amino acid ee 


notation is used. Amino . ° . 
acid numbers are indi,  2-%Ptités spolle ean iJi fk KE ANT 4 ERK IRLAR VAS ace N ef 
cated (see Figs 2-and ref. e.coii sigma 408 pees aT A yvalr wwiiteraafila 


13). Identical residues are 
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boxed, and favoured (con- 
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RAER ait nea os B.subtilis spollG 350 GCGCGCGCCATTCTAATTGAACGCAATTTGCGTCTGGTCGTATATATCGCCCGTAAATTTGAAAATACGGGAAT TARTATAGAGGATTTAATCAGCATC 
black dots. Favoured sub- E.coli rpod 1647 GCGAAGAAAGAGATGGT TGAAGCGAACTTACGTCTGGTTATTTCTATCGC TAAGAAATACACCAACCGTGGCTTGCAGTTCCTTGACCTGATTCAGG 
stitutions are defined as : 
pairs of residues belong- B.subtilis spollG 449 GGTACCATCGTCTAATCAAAGCTGTTAATACATTAATCCAGAAAAGAAAATCAAGCTTGCTACCTATGLCTCCCGGTGTATAGAARATGHAATC 8 
ing to one of the following Ak k I ok eth kkk kkk wk v 
groups: S, T, A, P and G: E.coli rpod 1746 GOCAACATCOGTCTEATGRAAGCGGTTCATAAATTCOAATACCGLCGTGSTTACAAGTTCTCCACCTACCAACCTOGTSGATCCGTCAGGEEATE 1841 


N, D, E and Q; H, R and 
‘Ky M, L, Land V; F, Y and W (see ref. 14). Statistical tests were done to assess the degree of similarity between the aligned sequences; 30 pairs 
af randomized sequences having the same amino acid compositions as those of the real sequences were generated and their Needleman 
nsch '*'* similarities calculated. The value for the real sequences was 15.04 standard deviations above the mean of the shuffled sequences, 
dicating a highly significant degree of similarity between the two sequences compared (P< 107°). b, Alignment of the nucleotide sequence 
th subtilis spollG gene with that of the E. coli mpoD gene. Nucleotide numbers (see Fig. 2 and ref. 13) are indicated and correspond to the 
egions. encoding the amino acid sequences shown in. a. Positions at which both sequences match are indicated by an asterisk. Regions of higher 
re underlined. The statistical tests as for a were performed: the similarity value for the two sequences was 19.2 standard deviati: 
ean of 30 shuffled sequences (PIC®: : 





















parts of the polypeptide (8 among the first 22 residues and 8 


mong the last 18 residues), while a stretch of 10 acidic residues 

is found in an internal region, between amino acids 135 and 
163. These features may be significant for the biological activity 
cof the spollG gene product. 

-The encoded protein seems to be synthesized in a very low 
“amount as we have been unable to express it in B. subtilis 
maxicells in various experimental conditions; this suggests that 
_the protein may have a regulatory role in sporulation. Note that 

_ the spollG gene is transcribed only in the early stages of sporula- 
ion and not during vegetative growth. This was demonstrated 
by hydridization experiments in which the gene was used to 
“probe mRNAs isolated at different stages of growth and sporula- 
tion (results not shown). 

To elucidate the nature of the polypeptide encoded by the 
: spollG gene, we searched for homologies with known proteins 

stored in the Dayhoff protein sequence data bank (~2,300 
sequences). An important homology was found with the product 
-of the E. coli rpoD” gene, the sigma factor. Figure 3a shows 
the alignments of the two related segments of the B. subtilis 

olIG gene product and of the E. coli sigma factor. These 

iligned sequences exhibit a remarkable similarity: of the 65 

sitions compared, 29 (44.6% ) are occupied by identical amino 
ids: When chemically similar pairs of amino acids are taken 
nto account'*, this number rises to 44 (67.7%). It was not 
ecessary to introduce gaps to maximize this homology. Further- 
more, statistical tests'™! show that the similarities between the 
ligned sequences are highly significant; the probability that 

uch a similarity is fortuitous is <10~° (Fig. 3a). 

Analysis of the corresponding nucleotide sequences also 

evealed a high degree of similarity at the DNA level (100 
matches over 195 positions, that is 51.3% ; see Fig. 3b). A striking 

‘eature of the similarities is their clustering into three blocks of 

34, 35 and 30 bp, where 73.5%, 80% and 70% of the respective 
positions are occupied by identical nucleotides. As the codon 

sage is not the same in E. coli and in B. subtilis (as indicated, 
or example, by the respective usages of the trpE genes of these 
wo organisms'”'*), such similarities strongly suggest that the 
wo genes are evolutionarily related. 

The regions shown in Fig. 3 correspond to different internal 

arts of the two proteins: residues 58-127 of the 239-amino acid 
“polypeptide encoded by spolIIG and residues 375-439 of the E. 
oli sigma factor, a polypeptide of 613 amino acids'*. However, 
heir high degree of similarity strongly suggests a common 
unction for these two protein domains. This leads to the attrac- 

‘tive hypothesis that the spo TIG gene product may act as a specific 
“sigma-like factor and that the region it has in common with the 

enuine E. coli sigma factor may similarly be involved in binding 
to the core RNA polymerase. This hypothesis is strengthened 

yy the known functional and structural relationship between 
he E. coli and B. subtilis core RNA polymerases'””?!, Moreover, 
recent nucleotide sequence analysis of the B. subtilis 0°° struc- 
tural gene (R. H. Doi, personal communication) indicates that 

he homologous region in the E. coli sigma factor and the B. 
subtilis spolIG gene product is conserved in the major sigma 

actor of B. subtilis, o°**, confirming previous immunological 

experiments”. One obvious possibility is that the spolIG gene 
encodes o°°, a polypeptide associated with RNA polymerase 
urified from B. subtilis sporulating cells and conferring on it 
ew: promoter recognition specificity *. o? is a M, 27,000- 
9,000 polypeptide’ * and appears about Ih after the onset 
f sporulation”, the exact moment at which the temperature- 
ensitive period starts in strain 279.1, a strain mutated in the 
pollG gene’. However, sporulation involves the expression of 
multiple gene sets and could rely on the presence of several 
ternative sigma-like proteins. The spellG gene product could 
equally be one of these, as yet uncharacterized, transcriptional 
factors. 

¿We thank Françoise de la Torre for technical assistance in 
cloning the spolIG gene, Isabelle Giri for help with computer 
sequence analysis and Jocelyne Mauger for typing the manu- 
script. This work was supported by a CNRS grant (LA 136) to 
P, 3 and J. B. 


Note added in proof: The region of homology between the B. 


subtilis spollG gene product and. the E. coli sigma factor has 
recently been found to be conserved also in the heat shock 
regulatory protein of E. coli” 
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Erratum 


New evidence that growth in 3T3 cell cultures 
is a diffusion-limited process 


G., A. Dunn & G. W. Ireland 
Nature 312, 63-65 (1984) 


BECAUSE of an editorial error, an incorrect figure was used in 
this letter. The correct Fig. 3 is shown below. 
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African marsupials— 
vicariance or dispersion? 


UNTIL recently the marsupials were not 
recorded in Africa, but two recent dis- 
coveries in the Lower Eocene and in 
Lower Oligocene of North Africa have 
demonstrated the presence of this group 
of mammals on the continent. Their phy- 
logeny and palaeobiogeography must, 
therefore, be reconstructed. 

The discovery of marsupials in the 
Lower Oligocene of Africa has recently 
been interpreted as indicative of con- 
tinuous land dispersion across the Tethys 
from Europe to Africa’, Another recent 
discovery, ‘however, proves that mar- 
‘supials were present in northern Africa in 
the late Lower Eocene”. The upper molar 
_described from the north-west Sahara dis- 
plays both primitive characters (the nar- 
rowness of the protocone) and very 
derived characters (dilambdodonty), 
which could suggest either immigration 
from a European centre of origin or sur- 
vival of an ancestral stock common to 
South America and Africa before the 
opening of the South Atlantic (vicariance). 

A vicariant origin for the African mar- 
supials should not be excluded, because 
‘the time when the main marsupial dental 
characters appeared’, which would permit 
‘an evolutionary evaluation of African 
ocene and European late Eocene 
upials, is unknown. Unfortunately 
‘there is no way of testing the phyletic 
relationships between the Saharan and 
Egyptian forms, due to the scanty fossil 
record. On the other hand, European or 
Holarctic origin is supported by the con- 
tinuous record of mammals of Holarctic 
affinities discovered in the Palaeocene‘, 
‘Eocene*® and Oligocene® of Africa, and 
by the absence of marsupials from the only 
known Palaeocene mammal fauna of 
Morocco’. The recent discovery of mar- 
supials in the European Palaeocene’ rein- 
forces this interpretation. However, 
several other palaeobiogeographic 
scenarios might also help to explain their 
presence in Africa. According to Sigé®, 
Africa could have been a land route 
between South America and North 
America, but there is no evidence of non- 
marsupial vertebrate dispersion to support 
this hypothesis. 

Several authors have claimed that 
Africa could have been a link during early 
Cenozoic between South America and 
Europe for  phorusrhacid birds’, 
mesosuchian ziphodont crocodiles? 
characid fishes* and marsupials’. As in the 
case of Africa, models which exclude Asia 
and the Indian plate need to be recon- 
sidered. No true marsupial has been dis- 
covered in the Asian Mesozoic, but very 
few micromammals have been described 
from the rich mammalian assemblages of 
the Chinese early Tertiary. Additional 
information is provided by molecular 
For example, the structure and 



















MATTERS ARISING 


sequence of neuropeptides’! have recently 
shown that the most primitive living mar- 
supials are Australian, thereby suggesting 
that Australia could have been the disper- 
sion centre of the group. In conclusion, 
these new data demonstrate that the phy- 
logeny and palaeobiogeography of mar- 
supials is much more complicated than 
previously assumed, and should stimulate 
new research in many fields. 


J. J. JAEGER 
M. MARTIN 
Laboratoire de Paléontologie des 
Vertébrés et de Paléontologie humaine, 
CNRS ERA, 963, tour 25-15, 
Université P. et M. Curie (Paris VI), 
4 place Jussieu, 75230 Paris, 
Cedex 05, France 
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BOWN AND SIMONS REPLY—Jaeger and 
Martin suggest a possible vicariant origin 
for newly discovered marsupials from 
the Lower Eocene of Algeria and the 
Oligocene of Egypt™?. These are the only 
metatherian remains ever recovered from 
the African continent, and the vicariance 
hypothesis suggests that these animals are 
survivors of an ancestral marsupial stock 
common to South America and Africa 
before the opening of the South Atlantic 
(before the early Cretaceous’). The distri- 
butions of at least the early Tertiary mar- 
supials of Europe and North America 
might then have been derived from this 
remnant African stock, rather than aaa 
originated in Europe, as we have claimed 
for the Egyptian marsupial, or in North 
America, as suggested by others*° for the 
Euramerican marsupials. Although a 
vicariance theory of origin of mammalian 
groups is in vogue, its application to this 
problem and to others is generally suppor- 
ted only by negative evidence, that is, the 
absence of a good fossil record. For 
African marsupials, a vicariant origin is 
the least parsimonious alternative and 
requires detailed speculation about the 
composition of a non-existent fossil 
record. 

First, there are no known pre-late 
Cretaceous marsupials from South 
America (the late Cretaceous marsupials 
from Peru are virtually identical to North 
American late Cretaceous Alphadon®). 
Second, the only proposed marsupial of 
early Cretaceous antiquity from anywhere 
in the world is North American Holo- 





clemensia texana’, a form that some feel 
is of doubtful metatherian affinity®:'° 
Even if Holoclemensia is metatherian 
vicariance biogeography would place the 
origin of the Metatheria in North America 
in accordance with most current thought. 
Third, the combination of primitive and 
derived characters in the Eocene Algerian 
form is unknown in any other didelphid 
including those from South America, and 
the Egyptian marsupial shares derived 
characters with late Eocene and early 
Oligocene marsupials from Europe. By 
vicariant origin, the Didelphidae of South 
America and those of Euramerica would 
have to be polyphyletic, or else the South 
America didelphids were at some ti 
reintroduced there from Africa via 
Euramerica. Fourth, Egyptian Per 
atherium is so like European species of | 
the genus, that had the Old World didel- 
phids originated in Africa and spread to 
Euramerica, the avenue of dispersal 
between Africa and Europe must. have. 
been irregularly maintained over many 
millions of years. The first three points:are _ 
not supported by palaeontological - evi. 
dence, and the last observation is. directly 
opposed to what is known of Tethyan 
palaeogeography during the early Tet. 
tiary. 

Although Jaeger and Martin are correct 
in observing that a vicariance origin: 
the African marsupials should be 
examined, there is no evidence to. su pi 
their hypothesis involving the compositi 
and dispersion of an unknown fauna. ' 
believe that there is some evidence tha 
the Egyptian marsupial was an early Te 
tiary immigrant from Europe. Marsupials 
were probably present in Europe during 
the Palaeocene!', although they are-as yer 
unknown from mammalian microfaunas 
of that age in Africa. The Egyptian ma 
supial cannot have arrived in Egypt before 
the latest Eocene because of marine condi- 
tions there. Its appearance in the Egyptian 
continental Oligocene approximatel: 
coincides with the Tethyan regression 
when Europe and Africa were presumably 
separated by less water distance than: for 
many millions of years previously. 

We also observe that the presence of a 
single stylar cusp on a narrow stylar shelf, 
in conjunction with the more or less dilam- 
bodont molar structure in the specimen 
from the Eocene of Algeria, is so unusual 
fora marsupial as seriously to jeopardize 
its assignment to the Metatheria. The tooth 
appears to share at least as many derived 
characters with European Remiculus 
(Mixodectidae) and Adapisoriculus 
(Insectivora, incertae sedis) as it does with: 
any marsupial. 

Finally, we did not “... interpret the” 
discovery of marsupials in the Lower 
Oligocene of Africa as indicative of con- 
tinuous land dispersion across the Tethys 
from Europe to Africa”, as Jaeger and 
Martin suggest. Rather, we observed: that 
the palaeogeographical reconstructions do. 










































































not favour a direct land connection of However, adding the flux predicted for 


Africa with Europe at that time’. 
T. M. BOWN 

2 E. L. SIMONS 
Geological Survey, 

Denver, Colorado 80225, USA 

and 
Duke University Primate Center, 
Durham, North Carolina 27705, USA 
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ometary showers and 
unseen solar companions 


THE existence of an unseen solar com- 
anion has occasionally been invoked to 
count for some unsolved astrophysical 
roblem. The latest hypothesis, as pro- 
sed by Whitmire and Jackson’ and by 
avis et al”, is that such a companion, in 
` distant eccentric orbit, periodically 
asses through the Oort cometary cloud 
d causes a shower of comets from an 
so. unseen inner Oort cloud reservoir. 
mpacts on the Earth from these repeated 
howers then results in periodic biological 
xtinction events. 
_ A shower of comets from the inner Oort 
loud is expected to involve some 2 x 10° 
mets passing four times each within the 
rbit of the Earth, over a period of ~ 10° yr. 
1is episodic flux is equivalent to the pres- 
ly estimated steady-state cometary flux 
of 16 comets AU™' yr7! (ref. 3) (brighter 
in Hig = 11) for a period of 500 Myr. 
hus, the seven to nine cometary showers, 
paced at 28-Myr intervals, for which a 
ratering record has allegedly been 
ound’, would produce as many craters as 
e. steady-state cometary flux over the 
olar System’s entire history. 
Present estimates of the cratering rates 
on the Earth and Moon based on dated 
urfaces of very different ages*, are in 
greement with one another, after allow- 
ng for differences in gravity-scaling and 
impact cross-section. Estimates of the 
expected cratering from Earth-crossing 
steroids are roughly twice these values’; 
mates of the cratering from comets 
inge between 0.3 and 1.0 times the rate 
sed on dated crater  surfaces’’, 
though it seems that the known Earth- 
rossing objects yield a total cratering rate 
on the Earth and Moon which is too high, 
the problem is not serious because of the 
large error bars in these calculations. 

















cometary showers every 28 Myr makes the 
problem significantly worse. These 
showers result in an 18-fold increase in 
the mean cometary flux over the past 
400 Myr, resulting in between 5.4 and 18 
times as many additional craters on the 
Earth and Moon in that period, outside 
any reasonable error limits on these rates. 

Even allowing this discrepancy, the 
probability that such a cometary shower 
would result in the impact of a 10-km 
diameter cometary nucleus on the Earth 
is about 0.055 per shower. Thus, major 
events like the Cretaceous-Tertiary (K-T) 
extinction might be expected on average 
every 510 Myr, considerably longer than 
is observed. 

One can also consider the stability of 
the hypothesized ‘death star’ orbit. With 
a perihelion of 3 x 10* au and a period of 
28 Myr, the proposed companion. star 
would have an aphelion of 1.54 x 10° Au. 
Monte Carlo simulation modelling of the 
dynamical evolution of a large sample of 
hypothetical stars starting with that orbit’ 
has shown that 23% escape the Solar Sys- 
tem in 10 orbits or less, and 86% escape 
in <10° yr. The average change in orbital 
period per orbit is 10%. Thus, it is unlikely 
that an unseen companion star could have 
remained in a constant period orbit, over 
the period suggested by the terrestrial 
extinction record, and impossible that it 
has been in that orbit since the origin of 
the Solar System. 

If a more tightly bound original orbit 
were to be assumed, the problem of the 
increase in the terrestrial cratering record 
would only worsen because of the 
increased frequency of cometary showers 
implied. Also, the Oort cloud population 
would have been severely depleted by the 
repeated perturbations of the companion 
star, implying an immense initial cloud 
mass. If, on the other hand, one assumed 
that the companion star had been recently 
captured, an event with a probability of 
107", we would still expect an approxi- 
mate doubling of the cometary cratering 
on the Earth in the past 300 Myr. 

Finally, an additional problem with the 
death star scenario is that there do not 
seem to be many random events mixed 
with the periodic signal from cometary 
showers. Random Apollo asteroid impacts 
should produce a major extinction every 
10° yr or so, and large (though not 
necessarily catastrophic) cometary 
impacts should occur with about one-third 
that frequency. 

The proposed death star scenario, 
however interesting, has consequences 
which its proposers have failed to con- 
sider, and for which we have little 
evidence. If the periodicity in the fossil 
extinction record is indeed real, then some 
other mechanism must be found for creat- 
ing it. It would seem wise to look for a 
period of which we are already aware, for 
example, the time between the Sun's galac- 


tic plane crossings is close to the required 


“value, though the extinction mechanis 


ity, with period: and phase identica! 














remains a mystery. Even so, this would. 
seem a more worthwhile avenue for future 
study than continuing to chase an invisible- 
star which does not exist. 


PAUL R. WEISSMAN 
Earth and Space Sciences Division, 
Jet Propulsion Laboratory, 
Pasadena, California 91109, USA 
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MULLER ET AL. REPLY—-Weissman’s 
objections are based, we believe, on a mis- 
understanding of the companion star 
model? and a misinterpretation of the 
periodicity discovered in the crater data’. 
We will review the salient features of these 
before addressing Weissman’s points 
directly. 

In the companion star model, the Sun’s 
companion has an orbit with a 26-Myr 
period, matching that seen in the mass 
extinctions’. During perihelion, it passes 
close enough to the Oort cloud of comets 
to precipitate a shower in the normally 
depleted ‘loss cone’ region swept clean by 
Jupiter and Saturn; this requires the com- 
panion’s orbit to have an eccentricity 
greater than ~0.6. The number of comets. 
in the shower depends on the number in 
the inner part of the Oort cloud, but this 
number is not known within a factor of 
10. If we take the nominal value of 10" 
from the extrapolation of Hills’, we find 
the number of comets in a shower to be 
2x10° and the number of impacts per 
shower to be 25; but these numbers could 
be as small as 4x 10* and 5, respectively. 

As stated in our original paper', and 
subsequently checked with detailed calcu- 
lations®, the orbit we postulate is stable, 
with a half life of ~10” yr, not long enough 
for the companion star to have been in 
such a large orbit at the formation of the 
Solar System. As it is extremely unlikely 
that a star could have been captured by 
the Sun, the most likely scenario has the 
companion in a relatively tight orbit 5 x 
10° yr ago, with perturbations from. pass- 
ing stars and molecular clouds over 5 x 
10° yr expanding the orbit to the present 
one. 

In Grieve’s survey of impact craters on 
the Earth’, there are 58 craters with ages 
<250 Myr, but only 29 of these have 
uncertainties in their ages of 20 Myr or 
less, and only 13 of these remain when we 
exclude the very recent (<5 Myr old) 
craters; these appear in a table in our 
paper’. Our analysis of these craters < 
showed a statistically significant periodic- 
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(within errors) to those found in the fossil 
_tecord. On closer examination we found 
that most of the signal was coming from 
“the 11 largest craters, those with a diameter 
“>10km. One would expect comets in a 
shower to be larger than the background 
comets if, for example, the comets from 
the inner cloud were more massive than 
„those from the outer regions, as might be 
“expected from an accretion model of 
comet formation. Of the 11 large craters, 
“one is clearly not associated with the peri- 
odicity, and as many as two others may 
‘be chance coincidences. Thus, the 
“evidence indicates that about 9+3 of the 
“13 craters with precise ages originated 
from the periodic showers. (The uncer- 
tainty estimate includes both systematic 
‘and Poisson errors.) Stated another way, 
‘we conclude that 70+25% of the craters 
_ were formed during showers. 
_ Weissman claims that the total number 
‘of comets hitting the Earth from showers 
is substantially greater than the number 
hitting in the time between showers—this 
‘is not necessarily true in our model, and 
the impact data indicate that the numbers 
may be roughly equal. Perhaps Weiss- 
“man’s confusion comes from a poorly 
“worded statement in our original paper’ 
that the number of comets that arrive in 
‘a single shower “may be as much as one 
or two orders of magnitude greater than 
"the number that arrive between showers”. 
cH this statement we were referring to the 
-of the companion star alone, and 
not including comets whose infall is 
triggered by random passing stars. Weiss- 
mani states near the end of his letter: “there 
do not appear to be many random events 
mixed with the periodic signal”; as stated 
above, we believe that 30+25% of the 
impact craters (principally those with 
diameters <10km) may be random in 
arrival times. 

Weissman says that the probability of a 
large comet (with a 10 km nucleus) hitting 
is small, and that such impacts are likely 
to.occur every 500 Myr, a period “con- 
siderably longer than is observed”. Only 
one‘such large impact has been proven in 
‘the last 250 Myr—the one at the end of 
the Cretaceous. The crater for this impact, 
if it still exists, should be 100-200 km 
across. (If the crater is on the sea floor it 
would not have been found.) All the other 
extinctions during this period were smal- 
ler, with associated craters 10-100km 
across. Weissman claims there should be 
one large impact in 500 Myr; the data 
show one in 250 Myr. Although we do not 
necessarily accept Weissman's number (he 
does not give a derivation) we find no 
significant discrepancy with the data. 

If the orbit of the companion star were 
conce. much closer to the Sun, as is 
ecessary in our model, then Weissman 
cts that.the showers would have been 
lore intense in the past. This is true, but 
10t an-objection. In fact, there is clear 
ence that bombardment in the remote 
Was once much greater than in the 















last 250 Myr. The ‘late heavy bombard- 
ment’ of the Moon (when most of the lunar 
craters were formed) ended 3.9 x10” yr 
ago, conceivably when the companion star 
was scattered to a larger orbit. Weissman 
correctly states that an ancient close-in 
orbit would have severely depleted the 
Oort comet cloud, implying that there was 
originally an ‘immense cloud mass’. As the 
mass of this early cloud could still have 
been much less than the mass of the com- 
panion star, we can see no valid objection. 
If the companion star exists, then we cer- 
tainly will have to change our models of 
the dynamics of the early Solar System. 
But inconsistency with the models is not 
the same as inconsistency with the data 
on which those models were based. We 
know of no data inconsistent with our 
model of a solar companion star, and we 
know of no alternative model consistent 
with the measured period and phase of 
the impacts. 

RICHARD A. MULLER* 

Pret Hutt 
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WHITMIRE AND JACKSON REPLY—The 
contribution of shower comets to the mean 
cratering rate need only be comparable to 
the (assumed) steady-state random contri- 
bution to produce a strong signal in the 
Fourier spectrum of dated craters. The 
number of terrestrial impacts resulting 
from a shower of 2 x 10° comets, brighter 
than H,)=11 and with perihelia <1 AU, 
is given by the product of (2 x 10° comets) 
and (4 erihelia passages per comet) and 
(210° impacts per perihelion passage), 
which is equal to 16 impacts. According 
to Weissman, a long period comet, bright- 
er than H,)=11, has a mass 25x10" g 
and produces a crater =20 km in diameter. 
The mean cratering rate, for craters 
=20 km, over the last 300 Myr is? 0.35 
(£0.13) x 10°'4 km yr", which corre- 
sponds to ~50 impacts of comets, brighter 
than H,)=11, per 28 Myr. Thus the 
shower contribution to the mean cratering 
rate is less than the total rate and compar- 
able to the mean background rate. 


According to Wetherill and 


Shoemaker’, a random 10-km asteroid is 



































expected to impact on the Earth about 
every 50 Myr. The absence of any random. 
extinction events*, and the evidence ‘thal 
major extinctions occur over intervals:of 
~I Myr, both suggest that the primary 
extinction mechanism may be associate 
with the enhanced impact rate (230 times 
background) during a shower, rather than 
with a single catastrophic impact 
although such an event should also occur. 
occasionally. 

The stability of the companion’s present 
orbit towards stellar perturbations and 
galactic tides has recently been. investi 
gated by Hut and Hills®. These result 
indicate that the orbital period should ran 
dom-walk away by 10-20% over’a 250 
Myr interval, a result not obviously incom 
patible with the cratering and extinctias 
data. The evolution of the companio 
from a tighter orbit’, and the associate 
cratering rates, remain to be investigated 
in detail. 

Sepkoski and Raup* have recently 
extended their original analysis and have. 
further restricted the uncertainty in. the’ 
extinction period. They find the period to: 
be 26.241 Myr and conclude that this is. 
incompatible with the 33 + 3-Myr interval. 
between the Sun’s galactic plane crossings. | 
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The maximum entropy method 
for data analysis 


IN data analysis it is very satisfying when. 
a useful technique, which has arisen ina 
more or less ad hoc manner, finds respecta 
bility as a manifestation of some formal 
theory. Skilling’ invokes this argument for 
using the maximum entropy method for 
data analysis. Experience that the pro- 
cedure often seems to work quite well i: 
strengthened by reference to recent theo-: 
retical work. Skilling’s conclusion is that- 
maximum entropy is the only regulariz-— 
ation method that should be used for a. 
very wide range of data analysis. I suggest 
that this claim is unjustified on both prag- 
matic and theoretical grounds. 
Let us confine our attention to. one: 
specific application, the enhancement of- 
images as illustrated in Fig. 1 of Skilling’s 
paper. What seems to me the major advan- 
tage of the maximum entropy method over 
many, but not all, other regularization 


























































: procedures, is the practical one that the 
resulting image, in being non-negative, 
‘Automatically represents a valid solution. 
This results from the presence of log p; in 
the formula for entropy. With other pro- 
cedures, the values obtained for some p; 
might be unrealistically negative. Even 
then, however, the complete solution 
could well be quite adequate in many 
“applications and could well be attained 
with comparatively little computation. 
In most applications of regularization, 
the regularization functional, exemplified 
in this method by entropy, S, incorporates 
some prior belief about the local smooth- 
: ness of the true image. For example, sup- 
_ pose the pixels are ordered so that p; and 
p; are likely to be similar if i and j are 
close together; then one might consider, 
‘as an alternative to S, a criterion such as 
=F(log pi -log p,.,)*. At a higher level, 
one will know, a priori, that Fig. | is a 
mudged photograph of a car. The entropy 
unctional does not permit representation 
of spatial ideas of this type. Certainly the 
cross entropy $ = -f p; log (p,/m,) allows 
for some acknowledgement of a prior 
model m but leaves the question of how 
o obtain m in any given application. 
ere is the ad hoc suggestion of using 
è data to produce a preliminary m, but 
his would require using the data twice, 
first to find m and then to carry out the 
‘egularization. This is pragmatically rea- 
onable, if not inevitable, but cannot be 
regarded as being formally respectable. 
My principal point, however, is to dis- 
-pute the main thrust of Skilling's article, 
hat the maximum entropy method for 
data analysis, as used in the production 
of Fig. 1, stands in splendid isolation, on 
fundamental grounds. This statement is 
based on the axiomatic work of Shore and 
ohnson’ and of Tikochinsky et al’. They 
how that the choice of a probability distri- 
ution required to fit certain linear con- 
traints has to be made on the basis of 
maximum entropy if certain axioms have 
‘9 be satisfied. Typically, the effective con- 
_Straints in the image-processing problems 
re highly nonlinear, and are expressed 
y the intensities themselves, not their pro- 
portions. Itis not obvious that the mathe- 
‘matics of Shore and Johnson carry over 
such a problem, and I cannot accept 
-that their axioms, particularly those of 
subclass and system independence, are 
relevant to the regularization context. 
-Tikochinsky et al, in their discussion of 
reproducible experiments, specifically 
require the p; to be probabilities; the 
issumption of linear constraints is vital, 
nd-even their definition of reproducible 
‘xperiments does not correspond with the 
_interpretation given by Skilling. 
- Thus, the maximum entropy method for 
data analysis is a useful tool, with some 
practical advantages and disadvantages 
over other regularization procedures. It is 
“mildly interesting that there are links with 
the formal work on the principle of 
= maximum entropy but the parallel simply 


ATTERS ARISING — 
has not been shown to be exact enough to 
disallow flexibility in choosing a pro- 
cedure to clarify Fig. 1 of ref. 1. As ‘con- 
sistency’, as defined by Shore and 
Johnson, seems irrelevant in this context, 
we need not fear the charge of incon- 
sistency by rejecting entropy. 
D. M. TITTERINGTON 
Department of Statistics, 
University of Glasgow, 
Glasgow G12 8QW, UK 
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Lett, $2, 1357-1360 (1984). 
SKILLING REPLIES—I find the arguments 
for using maximum entropy to be deeply 
compelling. In fact, I am unable to 
improve on Titterington’s own words: “the 
maximum entropy method ... stands in 
splendid isolation, on fundamental 
grounds”. Quite so. However, he takes me 
to task for not going beyond the descrip- 
tion of an image as a set of prob- 
abilities/proportions to incorporate 
“some prior belief about the local smooth- 
ness of the true image”. In this he has 
raised a most important point: clearly, the 
simple entropy formula S=-—F p log 
(p,/m;) does not include any such belief; 
just as clearly, maximum entropy is losing 
power by ignoring this, provided of course 
that it is realistic to expect smoothness, or 
spikiness, or cars, or whatever in one’s 
images. 

I hold that these more complicated situ- 
ations should ideally be handled by 
extending a technique which is basically 
correct rather than by invoking ad hoc 
alternatives. As Titterington’s preference 
for smoothness tends to zero, I would like 
his formulae to reduce to the simple 
entropy form which is the compelling sol- 
ution to that problem. This is because the 
regularization function, which expresses 
my preference for different shapes of 
image, should be independent of the par- 
ticular form of the data to be measured. 
Logically, my preferences precede the 
data, so that I should use the same func- 
tion whether I have convolution data (as 
in the car example) or marginal data (as 
in the theoretical discussion). 

Fortunately, maximum entropy can 
include such preferences in an easy and 
natural way. The trick is to develop the 
identification of p with the image. The 
simplest identification is to let i be a single 
index ranging over the cells of the image, 
and p, the corresponding proportion of 
flux. However, we can also let i be a com- 
posite index ranging over pairs of cells, 
and p; the corresponding product of fluxes 
(itself a proportion). The model. m; can 
now incorporate pair correlations between 
cells as well as simple position-dependent 
information. If we take i to be a highly 
composite index, the model can encode 
correspondingly subtle details of prior 
knowledge. The arguments for using 
maximum entropy still hold, and we have 
been exploring this development. True, I 


do not (yet?) know how to encode 





‘smoothness’ in an absolute as opposed to 
ad hoc fashion. Nevertheless, I hope I 
have answered constructively Tittering- 
ton’s first major comment. 

Concerning the relevance of Shore and 
Johnson’s axioms’, I do not think that the 
distinction between linear and nonlinear 
constraints is important here. The form of 
the experimental constraints is quite sep- 
arate from the form of one’s prior belief 
about the observed image, as coded in the 
regularization formula. Shore and 
Johnson explicitly state that their mathe- 
matics include nonlinear constraints. They. 
use the technical trick of replacing a (con-" 
vex) nonlinear constraint by that set of 
linear inequality constraints which defines 
the hull of the nonlinear constraint. 
Tikochinsky et al? do not state this, having 
had physical applications in mind, but 
clearly the same trick can be used. 

If the experimental constraints include 
dimensional information on intensities, 
the maximum entropy image will be 
accompanied by a dimensional number 
describing its normalization. Defining the 
regularization in terms of proportions 
rather than intensities merely requires the 
resulting image to have the same shape 
whether the data refer to microwatts or 
megawatts. The point about the subclass 
and system independence axioms is not 
that they hold for an arbitrary collection 
of data (such as a blurred photograph), 
but that they are compelling for particular 
collections (such as marginals). If one par- 
ticular type of data forces me to use 
entropy, then I will consistently use 
entropy for other types also. 

I admit that the use of entropy in data 
analysis imposes an interpretative gloss on 
the Shore and Johnson’ and Tikochinsky 
et al? papers, but | was writing a News 
and Views article, and I believe that these 
authors themselves approve of the appli- 
cation, We have to do something in data 
analysis: I am prepared to use probabilis- 
tic results to help to find sets of propor- 
tions. Probabilities—not that we need 
them anyway—-and proportions are 
isomorphic: probabilities are just propor- 
tions in a sample space, and to each set 
of proportions there corresponds a proba- 
bility distribution. Finally, I return to Tit- 
terington’s remarks defending flexibility 
of choice. Maximum entropy using the 
composite (multi-cell) identification 
allows great flexibility in choosing the ana- 
lytical procedure, but it also gives a 
framework within which choices can be 
related quantitatively to specific types of 
prior knowledge and discussed in a logical 
as opposed to a pragmatic fashion. 

JOHN SKILLING 
Department of Applied Mathematics 
and Theoretical Physics, 
University of Cambridge, 
Cambridge CB3 9EW, UK 
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Patrick Rabbitt 


Genius, Creativity & Leadership: Historiometric Inquiries. 


By Dean Keith Simonton. 


Harvard University Press: 1984. Pp.231. $22, £17.60. 


DEAN Simonton is a prescient man. While 
the rest of us glumly accept that our speci- 
alisms are of little interest to colleagues 
trapped in their own obsessions, he has 
developed a career as a ‘‘historio- 
metrician’’. In any Common Room in the 
world, after the initial difficulty of 
explaining what this means, he can emerge 
as an expert on the Great Academic Post — 
Prandial Topics of All Time. Do higher 
degrees actually hinder creativity? Can we 
quantify charisma? Is history, especially 
the history of science, shaped by 
individuals or by Zeitgeists? Does the 
physical presence of a commander really 
affect the outcome of a battle? Are 
important scientific discoveries typically 
made independently by several people, or 
by isolated individuals? And much, much 
more. 

Simonton offers more than dinner-table 
expertise. He is widely read, and has 
training in statistical methods the 
principles of which he tries to transmit in 
five appendices. Perhaps these will not help 
people without, or impress people with, a 
similar background, but he undertakes to 
bring recent analytical ideas to his material. 
This is interesting, since the post hoc detec- 
tion of statistical associations in sub-sets 
from vast bodies of potential data can 
easily persuade us of very strange things. 

Does Simonton’s use of some up-to-date 
statistical techniques reduce uncertainties 
about assumptions of causal relationships 
in very large, uncontrollable, post hoc data 
samples? Well, not as such. When the logic 
behind selection of numbers for analysis is 
dubious, elaborate statistical models 
cannot help. For example, on the whole 
Simonton favours the view that higher edu- 
cation stunts intellectual flexibility. He re- 
analyses Cox’s (1926) collection of bio- 
graphical details on ‘‘301 geniuses’’ extant 
between 1450 and 1900. Very few of them 
took higher degrees — which, therefore, 
are at least uncorrelated with originality? 
The conclusion may well be correct, but 
Simonton’s argument requires some odd 
assumptions. 

One is that the content, and the social 
and career implications of ‘‘higher 
degrees” have not changed since 1450. 
Simonton apparently reassures himself by 
computing that the incidence of higher de- 
grees within Cox’s sample did not change 
between 1450 and 1900. This is interesting, 
but hardly germane. We can only discover 
whether incidence of higher degrees in the 
Cox sample is atypical by comparing it 
against incidence in the reference popula- 


tions from which it was drawn. To do this 
we must take into account enormous popu- 
lation growth since 1450, the consequent, 
likely, changes in the percentages of the 
population who could achieve historical 
recognition of pre-eminence in successive 
centuries, and the changes in the percen- 
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Composing originals? Palestrina (top) 
and Schoenberg. 


tages of the population examined who ever 
experienced higher (let alone ‘‘higher 
higher’’) education from 1450 to 1900. 
Even if such a tedious computation were 
attempted, the Cox sample of 301 spread 
over four-and-a-half rapidly changing cen- 
turies would certainly be too small to allow 
any definite conclusion. It is not that his- 
toriographers do their sums wrong, it is 
that apparently they would rather analyse 
inadequate data than hold their peace. 
Historical evidence will always be 
patchy. This makes it important for histori- 
ographers to recognize when they do not 
have enough data to answer a question. 
Simonton is intrigued (pp. 165-166) by 
Stewart's analysis that the familial birth 
order of ‘‘British Prime Ministers” (how 
many examined?) and Presidents of the 
United States (38 studied) appears to cor- 
relate with the types of political situation 
faced by their cabinets. Elsewhere he con- 
vinces himself that birth order is a potent 
force in determining personal style, and 


feels this shows that events call forth the 
necessary person. Perhaps, but hold on. 
We have at least five birth-orders (only 
child, eldest, youngest of two, middle of 
three or more and youngest of three or 
more) and if we take only the four political 
scenarios distinguished by Stewart (civil 
conflict; international crisis and warfare; 
peace; and revolution), to show that one of 
these variables (birth-order) predicts even 
10% of the variance in assignment to the 
other (political scenario) would require 
data from a far larger sample than Stewart 
provides. There are, indeed, well-estab- 
lished associations between birth order and 
intelligence test scores (5% of variance or 
less) but samples of thousands have been 
necessary to detect them. 

The book is shot through with intriguing 
examples. For instance, can we find out 
whether originality in musical composition 
is a function of historical period? 
Simonton considered the first six notes of 
15,618 themes produced by 479 ‘‘classical’’ 
composers between 1500 (Josquin de Pres) 
and 1950 (Schoenberg and Shostakovitch). 
He examined the first-order transitional 
probabilities between notes in each of these 
note strings and related them to a (here un- 
defined) baseline computation for all tran- 
sitional probabilities between notes. Note 
strings were classified as less original if 
their transition probabilities coincided 
with, and more original if they deviated 
from, the frequency of two-note transi- 
tional probabilities in the (undefined) 
source transition matrix. On this basis 
Simonton plots his composer-originality 
by year from 1500 to 1950 and finds, 
overall, a steady increase in thematic ori- 
ginality over time, with sinusoidal varia- 
tions peaking at about 1650 (Palestrina) 
and 1920 (Schoenberg), and with a severe 
trough between 1750 and 1820 (Haydn, 
Mozart, Beethoven and Schubert). 

I leave others to argue how far two-note 
transitional-probabilities can be a valid 
index of thematic originality because I am 
entranced by the possibility of a splendid 
computational tautology: if the reference 
transition probability matrix is, as one 
must suspect, computed from the entire 
corpus of 15,618 themes collected over 450 
years, this would mean that the earlier a 
composer flourished the more chance his 
work had to influence his successors and so 
the greater was his likely indirect influence 
on the baseline against which he was 
judged. The steady increase in ‘‘origin- 
ality’? over 450 years is at once explained. 
Further, the more eminent a composer the 
more he would influence his contem- 
poraries and successors, and so the more 
substantial would be his indirect contribu- 
tion to the ‘‘baseline’’ matrix. Hence the 
historical plunge from ‘‘originality’’ 
shown by Mozart et al., who are very like 
the matrix which their influence deter- 
mined. If we leave out of consideration 
such perturbing factors as the increased 
diffusion of musical ideas between geo- 











graphically remote cultures as communi- 


cations improved over the centuries, it may 
be that we can extract one conclusion from 
Simonton’s elaborate computation: those 
whose works have survived longest, and 
ose whose works are most often per- 
formed, shape the “norms” in musical 
_ composition! 

‘Sophisticated mathematical models may 
be misleading in another way — they may 
provide precise descriptions of numerical 
_ data which are quite implausible in terms 
of real-world processes. Simonton ele- 
gantly reviews data on changes in human 
creativity in politics, arts and sciences 
between the ages of 20 and 70. Alas, though 

eerful exceptions abound, the unmis- 

keable trend is for peaks to be reached 
between 35 and 45 with an accelerated 
decline thereafter. He neatly fits an alge- 
braic model to the data (pp.110 and 111), 
and on p.109 describes the functional im- 
plications of this model: 











Each creator uses up [sic] this supply of creative 
potential [determined individually — perhaps 

birth?] during his or her productive career 
by transforming potential into contribu- 
ions. 


I wish that I could believe that, by prudent 
inertia, I may yet reserve some ‘‘creative 
potential’, undissipated by book reviews 
d unclouded by time, to astound my 
apped-out contemporaries when I reach 


Incidentally it is encouraging for com- 
on sense to note that Simonton’s 
pebraic statement of his model does not 
tually have this, or any other, clear func- 

‘ional implication. It seems to be a neutral 
equation for fitting empirical data using 

one invariant constant (e), two other con- 

fants empirically derived for particular 
disciplines (a and b) and a fourth constant 

*mpirically derived for individuals (c). It is 
not a parsimonious equation. 

-Simonton is clearly a very hard-working 
academic, and seems sincerely anxious that 
his subject should help us to understand 
ourselves better, to learn to anticipate and 
avoid political violence, and to give each 
other just credit for real achievements. His 

ook will be marvellous bed-time reading 

‘or any academic with a curiosity about his- 
rical or statistical matters. Only part of 
ts entertainment value lies in the detection 

f charming errors and non sequiturs. 
Simonton has an acute sense of really 
eresting, though possibly insoluble, 
roblems, and whenever he seems to go 
wrong he sets us the important task of won- 
ering whether, and precisely how, some- 
ing useful may yet be said. In spite 
rely?) of the most extreme temptations 
brings to his material no detectable 
umour.. But, for the reader with his own 
_sénse of fun, this will be a delightful 
book. id 
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Mammalian Semiochemistry: The 
Investigation of Chemical Signals 

Between Mammals. 

By Eric S. Albone. 

Wiley: 1984. Pp. 360. £29.50, $57. 





Most mammals are nocturnal and by 
human standards they are quite small. 
Thus they rely heavily upon their chemical 
senses when interacting with other 
members of their own species, avoiding 
predators or searching for food. Chemical 
cues play many crucial roles even in 
mammals that are larger, more diurnal, 
and hence more visually-orientated. The 
term ‘‘semiochemical’’ encompasses all 
such cues, whether they originate from 
plants or animals, and incorporates the 
concept of communication via pheromones. 

By its very nature, the broad study of 
chemical cueing requires close 
collaboration between the chemist and the 
biologist; as witnessed by its impact on 
entomology, the result can be immensely 
rewarding. Research on mammals, 
however, has thus far been dominated by 
behaviourists and physiologists interested 
strictly in communication between 
members of the same species. Dr Albone is 
one of the few chemists whose primary 
interest is in mammalian chemical cueing, 
and this is the first account of the subject 
written by a chemist. The strengths and 
weaknesses of the book are those that 
might be expected when a scientist of one 
discipline looks at a complex subject that 
has its roots in another, markedly different 
discipline. 

The first two chapters of the book 
introduce the subject and note the 
potential contributions and limitations of 
chemical investigations; of particular 
interest here is the author’s emphasis on the 





probable complexity of most mammalian — 
chemical cues. The next six chapters deal 
with the potential sources of the cues and: 
the types of compounds that may arise 
from these sources. Thus the skin, scent 
glands, urine, breath and the reproductive 
tract are considered in detail. 
Unfortunately much of this discussion 
relies upon data collected in human beings, 
and in only a few cases are sources and 
compounds related directly to functions 
(this, it should be said, is not the fault of the 
author, but an accurate reflection of the | 
state of our knowledge). In a further ` 
chapter that should be read by everyone 
interested in the topic, Dr Albone considers 
the important role played by micro- 
organisms in shaping odours. Finally, a 
guest contributor, Dr Stephen Shirley, has 
written a nice primer on the neuro- 
physiology of the chemical senses. 

While this is a historically important 
book, dealing as it does with a young and 
rapidly developing area, it will probably 
fail in its stated objective of bringing 
together biologists and chemists. Much of 
what the biologist finds exciting about the 
subject is treated only superficially — the 
integration of chemical cues with inform- 
ation provided by the mammal’s other 
senses; the shaping of responses by 
experience and context; the adaptive 
functions of signalling systems; and so 
forth. On the other hand, one can hope 
that the book will attract more chemists 
into semiochemical research, and all 
biologists interested in chemical cueing 
certainly should read it because it will help 
them understand how a chemist 
approaches many of the problems on 
which they work. Ultimately, real progress 
will occur only through cooperation, and 
scientists in both disciplines need to 
understand much better how their opposite 
numbers view this challenging field. Qo 





F. H. Bronson is Professor of Zoology at the 
University of Texas, Austin. 
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Theory and Practice of Scanning Optical 
Microscopy. 

By Tony Wilson and Colin Sheppard. 
Academic: 1984. Pp.213. £25, $39.50. 





THERE are not many types of radiation for 
which high-quality, two-dimensional, 
intensity-sensitive recording media exist. 
Light and electrons are exceptional in this 
respect, so that (apart from a few early 
scanning electron instruments) scanning 
microscopes were developed long after 
their fixed-beam counterparts had become 
commonplace. It is, however, gradually 
being recognized that the optics of 
scanning systems and the sequential nature 


of the image-forming process possess 





attractive features in.their own right, with 
the result that commercial scanning 
electron microscopes have been with us for 
nearly 20 years and commercial scanning 
transmission electron microscopes for 
about a decade. Now, as this book 
convincingly demonstrates, the scanning 
optical microscope (SOM) is beginning to 
supplement its conventional ancestor. 

No two people are better qualified to... 
write a book on SOMs than Tony Wilson 
and Colin Sheppard, for almost all the 
work on the theory and performance of 
these instruments has come from their 
Department of Engineering Science in 
Oxford. In extremely simple language, and 
using mathematics that anyone familiar 
with Sections 9.5-10.5 of Born and Wolf’s 
Principles of Optics will find easy to 
follow, they take us through the theory of 
image formation in the SOM. The two - 
operating. modes — essentially. large 













detector and small detector — are explored 
-great detail, though if I have a criticism 
__ of the book, it is here: the authors are so 
-familiar with the difference between these 
modes (Type 1 and Type 2 or confocal 
_-microscopy) that they have not, I think, 
-realized that this distinction may not seem 
so important to newcomers. 

~~ That apart, the book covers all of the 
principal aspects of scanning optical 
“microscopy: the many detector modes and 
special operating conditions, depth dis- 
crimination and depth of field, ultra-high 
- resolution, practical details of the optical 
elements of the SOM, applications to semi- 
conductors and some newer non-linear 
_ techniques. There is also a chapter on a 
‘ scanning microscope which, ironically, 
“mimics the fixed-beam instrument by fur- 
nishing the signals from the individual 
pixels almost simultaneously but which re- 
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P.A. Racey 


Bats: A Natural History. 
By John E. Hill and James D. Smith. 
. British Museum (Natural History)/ 
University of Texas Press: 1984. Pp. 243. 
£15, $24.95. 
` The Lives of Bats. 
= By Wilfried Schober. 
_ Croom Helm/Arco: 1984. Pp. 200. 
£13.95, $24.95. 

















The past decade has seen a burgeoning of 
~ research interest in the second largest order 
. of mammals, the Chiroptera, or bats. Such 
research is now serviced by international 
-conferences and symposia, as well as by 
-several newsletters, one of which has 
recently evolved into a dedicated journal. 
There is a certain sense of urgency about 
-current work, to discover more about these 
mammals as outstanding examples of evo- 
lutionary development and adaptation 
before they decline in numbers even 
‘further. Bats are under pressure through- 
out the world — the use of agricultural 
insecticides, loss of natural roosts in caves 
and deciduous trees, and more recently the 
increasing application of remedial timber 
treatments in houses used as roosts have all 
contributed to a drastic fall in populations. 
Accompanying recent activity among 
scientists has been a similar rise in public 
enthusiasm for bats. So it is appropriate 
that two general books on the subject 
should now appear at the same time. 
Hill and Smith’s Bats: A Natural History 
contains a wealth of up-to-date 
information on the world’s bats in a well- 
¿written and easily assimilated form. The 
- publisher’s blurb commends the book to 
_ both the amateur naturalist and the serious 
student of zoology. While the treatment 
what varies in depth, my own feeling 
all 
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tains the attractive features of the confocal 
arrangement. 

This is the first book to be devoted 
entirely to the SOM and it is remarkably 
successful. A vast amount of material is 
presented very readably within its 200 
or so pages, and practising microscopists 
~- many of whom do not yet know what 
scanning, particularly scanning combined 
with electronic or computer image en- 
hancement, has to offer them — will find it 
very helpful. The analysis of image 
formation will also be of some interest 
to students of the STEM, though the 
analogy between the two families of 
instruments is richer and more complex 
than is indicated here. o 





P.W. Hawkes is Maître de Recherches at the 
Laboratoire d'Optique Electronique du CNRS, 
Toulouse. 


biologists as well as for students. 

The book goes well beyond the natural 
history approach implied by the title, as the 
authors have taken every opportunity to 
include physiological information in their 
reviews of thermoregulation, reproduc- 
tion, echolocation and flight. Surveys of 
food habits and feeding, and population 
ecology, are also included, together with a 
systematic treatment of all bats at the 
family level. Hill and Smith are both 
systematists, and in their essay on the 
origin and evolution: of bats they put 
forward the controversial theory that the 
Megachiroptera and Microchiroptera are 
not closely related, and that wings and 
flight have developed independently in 
these two groups of flying mammals. A 
chapter on man and bats contains a fas- 
cinating section on folklore, superstitions 
and legends, and includes a great deal of 
hitherto unpublished material. By contrast 
the authors are at their least engaging when 
writing about form and function. 

The text is illustrated with excellent line 
diagrams, although several of the 
photomontages are of poor quality and are 
not closely related to the text. But overall 
this is a very useful book, even if it lacks 
that unbridled enthusiasm for all aspects of 
bat biology and a concern about their 
plight that is so evident in Wilfried 
Schober’s The Lives of Bats. 

Schober is a neurobiologist who has 
studied bats all his professional life. His 
account of their general biology is as 
authoritative as it is readable, and is ideally 
suited to the increasing number of amateur 
bat enthusiasts looking for an introduction 
to the subject. It has been sympathetically 
translated from the original German by 
Sylvia Furness, and revised by Tony 
Hutson, and is well illustrated with colour 
and half-tone plates which Schober has 
collected from colleagues around the 
world. a 





P.A. Racey is a Senior Lecturer in Zoology at 
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Molecular orbitals: 
into the age of 
computer graphics 
Jeremy K. Burdett 



















A Pictorial Approach to Molecular 
Structure and Reactivity. 

By Robert F. Hout Jr, William J. Pietre 
and Warren J. Hehre. 
Wiley: 1984. Pp.404. £46.20, $99. 95. 


















W.L. Jorgensen and L. Salem’s classic 
work, The Organic Chemist’s Book of 
Orbitais, was published by Academic Pres 
in 1973. It is a mark of changing times th; 
whereas that volume included only rather 
crude, wire-frame drawings of orbitals, the 
present one contains glossy, computer. 
generated, Daliesque visions of the 
molecular orbitals of simple systems. | 

Indeed this is quite an unusual book alto- 
gether. It is largely composed of photo- 
graphs of orbitals, with a couple of dozen 
pages of supporting text. For those of | 
who construct molecular orbital diagrams 
by doodling on the back of envelopes, it 
pleasing to see how the shapes of. the 
orbitals we sketch really look, and that ab 
initio computations confirm the gen 
results that we get from simple ideas. Sı 
of the photographs in this enormo 
undertaking are somewhat murky, w 
others are very complicated and resem! 
piece of small intestine. But overall. the 
pictures are remarkably effective in 
depicting the shapes of orbitals as they 
really are. Surely the age of computer 
graphics has arrived! 

For the chemist who has an understand- 
ing of how the level structures of these 
molecules arise, some interesting points 
arise in the book. The differences in t 
shapes of the orbitals of the isoelectron: 
sequence CH, NH,, OH; and PH,, 
for example, are really very striking. he 
spectrum of chemical behaviour shown b) 
these species is much easier to understand 
with the assistance of these pictures than 
with the information provided by a con- 
ventional energy-level diagram. 

I have one main criticism of the book, 
Although there are indeed nuggets of 
wisdom in the text supporting the pictures, 
there is just not enough in the way of 
chemical comment. For example the 
orbitals of ferrocence (the béte noire of ab 
initio theorists) command six pages of 
pictures and a measly four lines of text: 
There is much more to be said of the 
chemistry associated with the pictures than 
the authors give us here. Although in this 
sense the book does not live up to its titl 
is by no means an unworthy successo 
Salem and Jorgensen. 
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Developing theories 
of evolution 

J.S. Jones 

Mechanisms of Morphological Evolution: 


A Combined Genetic, Developmental and 
Ecological Approach. 








Wiley: 1984. Pp.275. £19, $36. 





ANCIENT philosophy had a convincing 
explanation for earthquakes: they result 
from uneasy movements by the tortoise 
upon which the globe rests. Biologists have 
ng been satisfied by similar explanations 
of the enigmatic in terms of the mysterious. 
Inthe study of evolution such theories in- 
ude the role of the devil in placing fossils 
in rocks, of “hopeful monsters” in the ori- 
gin of species, and — most recently — of 
mutations in the genes which are supposed 
to control development in producing the 
transitions between major taxonomic 


” The preface to Wallace Arthur’s book 
tells us, Once again, that ‘‘current evolu- 
tionary theory in terms of neo-Darwinism 

inadequate as an explanation of long 

rm evolution”. The remaining 275 pages 
largely fail to provide a convincing alter- 
tive. Unlike many post-Darwinians, 

‘thur accepts that modern evolutionary 
theory is not necessarily wrong simply 
because it is widely accepted. Indeed, parts 
3f his own theory have a refreshing con- 
ventionality as, in the model put forward 
here, natural selection plays a major role in 
large scale evolution. Selection is said to act 
on the ‘‘D-genes’’ which are arranged as a 
“tmorphogenetic tree” to control develop- 

ent. ‘‘N-selection’’ depends on competi- 
tion among members of a species while 

'W-selection’’ acts on the course of gene 
frequency change in expanding popula- 


‘The book is an ambitious attempt to syn- 
thesize information from ecology, devel- 
opmental biology and genetics. It is rela- 

ively free of what was known to an earlier 
and perhaps more cynical generation of 
evolutionists as ‘‘Wadswallop’’ — the posy 
of analogies (epigenetic landscapes, the 
relation between genotype and phenotype 

nas a circus tent) with which even as. 
distinguished an embryologist as C.H. 

Vaddington was forced to disguise our’ 
naked ignorance of the genetic basis of 

ody form. However, it remains the case 
that the theory developed here rests heavily 
on a class of genes whose very nature is 
speculative, and -on modes of selection 
which have never been demonstrated to 
occur in natural populations. 
~ One of the strengths of the book lies in 


“@ Quaternary Extinctions, reviewed in last 
week’s Nature (p. 225), is distributed in Britain 
and the rest of Europe by Eurospan, 3 Henrietta 
St, London WC2E BLU. Price £63.50. 
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the author’s ability to draw on the itera- 


ture of developmental biology as much as 
on that of evolution. But although the re- 
ferences cited include a number from 1983, 
it is only in the past few months that infor- 
mation has begun to appear which suggests 
that there is indeed an evolutionary rela- 
tionship between the genes which control 
development in different animals. We now 
know that the genetics of early develop- 
ment of insects with body forms as differ- 
ent as grasshoppers and flies is extremely 
similar, and that there has been little 
change in some of the genes which underlie 
differentiation in organisms separated by 
many millions of years of evolution. For 
example, the homeo box is a sequence 
which is closely related to mutations caus- 
ing developmental abnormalities in 
Drosophila. 1t is found also in Xenopus, 





chickens and human beings, suggesting. 
that there is a fundamental similarity in the 
processes of pattern formation which has 
been conserved in the face of great changes 
in form during evolution. These genes re- 
gulating development therefore appear to 
be more — rather than less — resistant to 
the accumulation of mutations than are 
many of those which code for structural 
proteins; an observation which contrasts 
with the prediction of theories which em- . 
phasize the importance of developmental 
mutants in the origin of major groups. Ina 
few years we may find that Darwinism has 
taught us more about the genetics of de-: 
velopment than developmental! biology can 
tell us about the processes of evolution. © 


J.S. Jones is in the Department of Genetics and 
Biometry, University College London. 





In the soup 


A. E. Walsby 


The Ecology of Freshwater 
Phytoplankton. 

By C. S. Reynolds. 

Cambridge University Press: 1984. 
Pp. 384. Hbk £30, $54.50; pbk £12.50, 
324.95. 





EACH springtime in lakes of temperate 
climes brings the stirring of a thin alphabet 
soup of phytoplankton: Asterionella, the 
Biddulphiales, Closterium, Dinobryon 
and the Euglenales . . . . The soup thickens 
as the temperature rises and the days 
lengthen; species a outcompetes b to form 
the spring bloom this year; species c which 
won the race last year when the weather was 
colder, has not shown itself at all; and 
noxious d, which dominated before the 
sewage outfall was diverted, has thankfully 
kept a low profile. Such are the interests of 
those that study the phytoplankton. 

The general principles that govern 
phytoplankton growth —- light needed for 
photosynthesis, nutrients for the 
accumulation of biomass — are well- 
known. What Reynolds’s book brings us is 
a quantitative appreciation of the things 
that limnologists have been generalizing 
about for decades. Take, for example, the 
problem of a population of diatoms slowly 
sinking through an unstratified wind- 
stirred lake. Reynolds shows by simple 
algebraic equations that in less than five 
times the minimum settling period under 
still-water conditions, 99% of the cells in 
continuously-stirred water will have 
reached the bottom mud. This surprising 
conclusion holds irrespective of the degree 
of turbulence. Here and elsewhere in the 
book equations are clearly derived for the 
biologist who can understand elementary 
mathematics even though he may not be 
good at doing it. Reynolds works with the 
same clarity and precision through the 


quantitative analysis of many other. 
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physical and biological phenomena, 

including the changing light field, 

photosynthesis and productivity, the 

kinetics of growth and nutrient uptake, 

density gradients and terminal sinking 

velocities. Even apparently subjective | 
topics, such as algal succession and 

population diversity, are given a similar 

numerical treatment. 

One result of this rigorous quantifying is 
another alphabet soup, a text full of 
symbols; nearly a hundred are brought to 
order in the glossary. The basic units of the 
SI system are used in (almost) all the 
quantities, so that it is easy to build from 
one equation to the next and to follow even 
those with many terms. I found only a 
couple of dimensional errors. 

The other strength of this book is that it 
recognizes the importance of knowing the 
special story of each alga’s life cycle and 
predilections. For example, dinoflagellates 
are strong swimmers and do well on calm 
days in stratified lakes, apparently 
selecting just the right depth for their 
needs. Diatoms, which sink out like bricks 
under these conditions, enjoy the 
turbulence of early spring when every 
phytoplankton cell drifts at the mercy of 
the currents. Within the diatoms small 
differences in size and shape will determine 
such unrelated features as whether a ceil 
can be re-suspended from the sediment, 
and how fast it will take up a particular 
nutrient. 

The book contains a thorough treatment 
of much of the current knowledge on 
phytoplankton and what causes them to. 
wax and wane in lakes. It is not just a 
derivative account but abounds with 
original ideas. The content is precise, and 
even pernickety (at every mention the word 
“alga” is in quotation marks, apparently 
because of its loose taxonomic meaning), 
but the style of writing is almost 
conversational and the book may be used 
fora good read as wellasforreference. © 


` 
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ap ‘go 


from Richard Pearson 


HE United Kingdom, like many other 
funtries, is living with a shortage of 
xperienced information technology 
pecialists while demand for these skills 
ntinues to grow. Whereas higher 
ucation has provided the basic skills and 
ing for most of those entering the new 
fnologies, the role of employers in 
aining and developing new skills is now 
2g emphasized. A UK government com- 
ee on the shortage of information tech- 
gy skills has highlighted the need for a 
‘partnership between industry and 
gher education”, and the University 
Grants Committee in its policy proposals 
the 1990s stresses the key role to be 
played by “market signals” and the need 
ndustry to improve its image if suitable 
udents are to be attracted. 

_ What information is available about the 
ttern of skills needed for the new tech- 
logies to help industry, education and 
ents assess their training priorities? 
United States has a vast array of 
ies and data about occupational 
ids, both past and future, as illustrated 
ast month’s Employment column. In 
e United Kingdom, however, the only 
onal forecast available does not 
ide anything like the necessary level of 
ggregation: for example, it combines 
cientists and engineers into a single 
gory. Reliance therefore has to be 
ed on a series of ad hoc and often 
pendently generated studies. What, 
3 do they reveal about the skills needed 
or the new technologies? 

The term ‘new technologies” is, of 
urse, a label of convenience and many of 
constituent technical advances have 
‘gely been derived from existing 
inologies. Thus microelectronics is the 
aturization of electronic components, 
ing tise to major reductions in size, 
ight, power consumption and cost — the 
vantages which allow major new appli- 
ions. Similarly, biotechnology has been 
sed for centuries in brewing and fermen- 
ion, although it is the advances in genetic 
nipulation and bioprocess technology 
hat have shown its potential in products as 
rse as pharmaceuticals and feedstocks. 
hus, although these technologies are 
hew’’, close examination shows that ad- 
ices tend to be incremental; their contri- 
ution to society is determined as much by 
heir application as by technological break- 
hroughs, The new technologies are found 
t only in the “sunrise” industries — they 
© have an important role to play in 








revitalizing the ‘‘sunset’’ industries. 

Employers’ recruitment of staff to apply 
the new technologies similarly focuses 
largely on extensions of existing disciplines 
and emphasizes the key role of under- 
graduate degree programmes. The elec- 
tronics industry relies almost exclusively on 
graduate intake to meet its future needs for 
professional staff, — the traditional entry 
routes, of promotion from craft or tech- 
nician ranks, and part-time study having 
almost disappeared. Most employers are 
seeking graduates with broad-based elec- 
tronics or related skills at a first degree level 
— even in highly specialized areas, such as 
semiconductor design and production, the 
preference is still for a majority of recruits 
from good quality first degree programmes 
rather than postgraduate courses, 

The picture that emerges for infor- 
mation technology and computing is 


` similar, although a large proportion of the 


intake to computing functions is of grad- 
uates of any discipline. In robotics, the 
demand is for graduates who can link 
mechanical, electronic and software skills, 
and not for fundamental science or a highly 
specialized degree. 

Of all the new technologies, it is in 
biotechnology that postgraduate qualific- 
ations are most relevant. Again the discip- 
lines sought are not new, but built around 
existing programmes. Here industry is 
much more closely linked to basic science, 
and few professional staff in biotech- 
nology research have less than a PhD and, 
say, three further years of research 
experience. 

Thus although the new technologies 
have a high dependency on higher edu- 
cation for their supply of skilled man- 
power, few of the skills initially sought are 
highly specific or dedicated to one type of 
narrow technology, discipline or employer. 
Rather, they allow for some flexibility in 
terms of course content and indeed a 
degree of substitution, for example, 
between applied physics and electronics. A 
further advantage is that these demands are 
also not numerically large when compared 
with an annual graduate output of around 
100,000 per year — electronics and 
information technology each taking 
several thousand new graduates each year 
and biotechnology taking only a few 
hundred. These needs, however, are not 
being met. 

The pattern and extent of shortages, as 
measured by vacancies that employers are 
unable to fill is, of course, greatly 











lew skills for new technologies 


in some areas — biotechnology being an exception — employers requiring graduate skills seem 
reluctant to take on candidates with higher degrees. 


influenced by past supply, present need _ 
and, particularly, the state of the economy. 
Thus the serious shortages of electronics © 
and computing skills of 1978-80 abated: 
during the recession but began to reappear 
in 1984. This year, the main areas of skill 
shortages have largely been restricted to 
electronics and computing staff with 3-7 
years of experience, together with numer- 
ically smaller shortages in areas such as 
robotics, control, and telecommunications 
engineering and bioprocess engineering. 
There is, however, evidence that the 
incipient shortages of newly qualifying 
electronics and computing science grad- 
uates will soon increase. There are also 
many areas of work where existing special- 
ists do not have the appropriate personal 
qualities or motivation to move into line 
management areas or the application of 
new technology, where there is a major 
need for technical skills. 

Several initiatives to improve future 
supply are under way. The number of 
places on first degree courses in infor- 
mation technology is being increased for 
the second half of the 1980s while conver- 
sion courses are helping to alleviate short- 
term difficulties (see Nature 309, p100; 
1984), Industry is also becoming increas- 
ingly involved with higher education 
through the provision of staff and equip- 
ment, and in course planning. A broader 
cross-section of students, however, must |. 
be encouraged to apply for the growing 
number of places, and especially those with 
the potential to apply such skills in line 
management and non-technical areas. . 
Women represent a major untapped source 
of skills; they still fill less than 10 per cent of 
the places on information courses. 

Improvements are already under way to 
increase the supply of key skills. However, 
an improved understanding of future 
manpower needs for all the new, and 
indeed existing, technologies is still needed 
to aid planners in government, education 
and industry, careers advisers and 
potential entrants. Such changing needs, 
and the different ways in which they might 
be met, such as retraining or substitution, 
also need to be regularly monitored and 
reviewed in a systematic way; and 
employment, education and training 
policies adjusted as appropriate if skill 
shortages are not to. be a recurring problem 
inthe future. _ oO 
Richard Pearsonis at the Institute of Manpower 


Studies, Mantell Building, University of cae 
n BNI ORF, OK, 
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Confused comment on Warnock © 


The British House of Commons nas had a muddled debate about the regulation of in vitro 
fertilization. The British government should devise more liberal legislation than was urged last week. 


Dame Mary Warnock’s report on in vitro fertilization and related 
matters seems to have had a better reception from the general 
press than from the British House of Commons, which spent last 
Friday (22 November) debating the issues that had been raised, By 
legend, this would have been one of those occasions when the 
British parliament should have been at its best. With nothing to be 
decided, and with no compulsion on party managers to dragoon 
their members through some predetermined voting booth (called 
a ‘division lobby” at Westminster), Members of Parliament with 
a philosophical turn of mind should have been free to take a broad 
view of an important set of issues, giving the government some 
durable help with the design of the legislation that it is committed 
to produce. In the event, the discussion was down-at-heel, 
dominated by complaints that the Warnock Committee failed to 
define the point in the development of an embryo at which life 
may be said to begin, by expressions of horror at what people in 
laboratories were about and by some simple misunderstandings 
that would be laughable if they were not held by those who will be 
responsible for whatever legislation eventually emerges. 

It is inevitable that liberal opinions should be drowned in sucha 
clamour. Even so, the view that the practice of in vitro fertili- 
zation is an important part of the treatment of infertility was 
strongly put. The case for research with living early embryos was 
put, but unavoidably made to seem simplistic by the apparent 
need to make its importance tangible by guessing at what the 
outcome might be. Surrogate motherhood won only the most 
tepid advocacy — most people are against it. The House of 
Commons seemed not to be especially downcast at the reminder 
(which Warnock vividly provided) that it has done nothing, these 
past twenty years, to deal with the legal problems occasioned by 
the now widespread practice of artificial insemination (where, 
under British law as it stands, such a child is illegitimate and 
should formally be adopted by its mother’s husband, and where 
Warnock recommended automatic legitimacy but also disclosure 
of the method of conception at the child’s majority). In the 
circumstances, the most memorable feature of the debate was that 
those in favour of the proposition that embryos are living persons 
from the instant of conception included both Mr lan Paisley, the 
Ulster Unionist, and Mr John Hume, the leader of the Social 
Democratic Labour Party in Ulster -—— inveterate opponents on 
almost every other issue. The danger only barely concealed by the 
debate, in which the government promised that it may be possible 
to find administrative devices for regulating Warnock matters in 
the spell before legislation.can be devised, is that some MP will 
jump in with a private member's bill drawn so emotively that 
nobody will dare oppose it. 

What the House of Commons should have understood last 
week, and what the British gove:nment must now appreciate, is 
that there is a world of difference between the novel techniques in 
human embryology that are already parts of medical practice and 
the opportunities that have arisen in research. That the use of 
novel medical techniques should be regulated is not, of course, 
unusual and is not, in principle, objectionable. In Britain as 
almost everywhere, both abortion and (further from the clinic) 
adoption are regulated by law. Warnock asked that those offering 
in vitro fertilization should be registered, which is fair; there is 
also a case for asking that data should be securely logged, on 
which the committee was ambiguous. The committee also 

















agonized about surrogacy, concluding that the practice is always 
undesirable but that surrogacy with a commercial element 
frankly unacceptable, and must be made illegal. Mr Norm: 
Fowler, the Secretary of State for Social Services, warned those 
within earshot that surrogacy with payment may already be illegal 
under the British adoption laws as they stand. But even tha 
argument is not as simple’as it sounds, for there is an important 
difference between what may seem the sale of intact people and 
the prearrangement of a genetically known birth. Even on this 
contentious point, the British government should shy away from 
outright bans, as one of the minority reports of the Warnock. 
Committee asked. 
Research is quite a different kettle of fish. The Warnock | 
Committee recommended licensed research with embryos no 
older than 14 days. The weakness of that position is that the time- 
limit is arbitrary. Moreover, the case for research on early’. 
embryos is necessarily sketchy — it is the old difficulty that people 
cannot tell what they will find until they look. The sensible course 
of action for the government to follow is to accept the Warnock 
proposal for a committee to oversee the conduct of all research 


| projects proposed, much along the lines of the committees that 


have regulated recombinant DNA research in different plac 

but with the added proviso that a project should be shown’ not 
merely to be harmless but potentially valuable. The time-limit 
should be dropped. And the proceedings of such a committee 
should not merely be public but publicized. Thén even the House — 
of Commons might understand why the opportunities i in this field 
are exciting and important. a 


Bettering farm support 


The Reagan administration should give 


agricultural research its due. 


AS the Reagan administration began its curious effort last week to 
find budget cuts that will. eliminate a $200,000 million a year 
deficit without raising taxes, one of its first discoveries was the | 
$10,000 million or so spent each year to keep farmers in business. 
According to the ‘‘supply-side’’ dogma that still seems to grip 
everyone in the administration (except perhaps David Stockman, 
director of the Office of Management and Budget), supply creates 
its own demand; remove restraints on production (that is, 
government intervention), and everything will work just fine. 
Hence the not-so- “surprising talk of doing away with the 50-year 
old strategy of farm price supports in favour of what is being : 
called a ‘‘market-oriented’’ approach. fs 
The Reagan administration is not renowned for its grasp of- 
history, so a quick refresher course on what happened the last 
time the United States tried laissez faire in farming is perhaps in 
order, Above all, it is worth remembering that throughout the” 
1920s, it was not just US farmers but farmers everywhere who 
struggled with chronic overproduction. During that decade of | 
booming prosperity for business and industry, the farm economy 
was deathly ill. The prices of commodities, always subject to” 
cycles of boom and bust, swung dramatically; the price of wheat, 
for example, fell from $3 a bushel to $0.30. By 1932, when the. | 
depression had finally struck the rest of the economy, the prices. 
farmers received for their crops compared with the prices they had- 








n 1929, more than a quarter of US farm income came from 


exports, again now talked of.as the salvation of the US farmer. 
But then, far from being a salvation, export dependence 
precipitated further disaster when the export market collapsed. 


Overproduction is still a chronic problem. And if, now, 


imbalance of general trade has at least provided Europe and 
Japan with the US currency with which to purchase US goods (not 


the case in the 1920s), the potential customers’ restraints on trade 
to protect their own farmers and the overpriced US dollar are at 
least equal barriers. It is difficult to see how overproduction of US 
farm commodities can create its own demand in these artificial 


circumstances. 


. There is nevertheless much that could be done to reform the US 
price support system. The administration is looking in the right 
place, if in the wrong spirit. Whatever its ambitions now, the 
administration will probably not be able to eliminate the system of 


sprice support, which has at least served well to smooth out the 


natural cycles of boom and bust. The chief mechanism is that of 


Aoans granted to farmers at harvest time against crops as 
collateral; if the farmer is unable to sell his crop at a price equal to 


better than the loan price, he has the option of defaulting, in 


‘effect selling his crop to the government. This prevents a price- 


depressing glut at harvest time and removes a minimal amount of 


“overproduction from the market. But there is little justification 
‘for maintaining the expensive programmes that amount to all-out 
“production incentives. Any rational farm policy must put a 
“premium on greater efficiency rather than greater production. 
‘That is simply not the case now, when farmers find the best and, 
‘indeed, often the only avenue to increased income is expansion. 


The present approach to agricultural research can only 


exacerbate these structural failings of the farm programmes. The 
“emphasis on applied, production-oriented, short-term results 
“brought about by the anachronistic formula-fund system of 


gricultural research can only encourage the overproduction 


“mentality. By every estimate, US agricultural research is woefully 


ndersupported, yielding a return on investment many times 
greater than the norm for other businesses. The absence of peer 
review in the award of most research grants ensures that special 
interests have a disproportionate say in the choice of research 
priorities, exacerbating the short-term view of many researchers 


“yn the land-grant college system. 


Yet a greater investment in fundamental research, particularly 


plant molecular biology, could lead to substantial reductions of 


production costs, for example by reducing or eliminating the need 
for energy-intensive inputs such as pesticides and fertilizers. The 


$46 million that Congress managed to appropriate this year for 
_ esearch is a sound first step, but far less than private corporations 
“are spending in this field. Now, within the overall context of US 
farm policy, the time has come to acknowledge that agricultural 
“research is too important to be left to the vagaries of share-the- 
-wealth formula funding, and more relevant to the long-term 


stability of the farm economy than the narrow pursuit of 


“increased production that now passes for a research strategy. 0 
> j ° sqt e 
European initiatives 


“The European Science Foundation has had ten 





modest years. Now it needs to be more daring. 

THAT it is high time that something more was done about the 
organization of science in Europe is beyond dispute. What 
perplexes people is to know with some clarity what should be 
done. Lord Flowers, the first president of the European Science 
Foundation, canvassed one modest set of proposals at the tenth 
anniversary meeting of the foundation in Strasbourg last week. In 
a public lecture on “the first twenty years” (a joke intended to 
encompass both the formal lifespan of the foundation and its 
gestation period), Flowers rightly claimed on behalf of the 








‘foundation a string of notable achievements. in the past few 
~ decades, among which (just now) the most conspicuous is the plan 
‘for building a powerful source of synchrotron radiation in 





p 189). Properly, however, | Flowers boasted of the way ir in which 








the foundation has been asked by the Council of Europe to carry 
out a study of the ways in which the mobility of scientists in 
Europe might be increased and he urged that the British 
government’s last-minute proposal at last month’s European 
meeting in Paris, that there should be a European academy of 
some kind, should be taken more seriously than its half-baked 
character would otherwise ensure. Persuasively, he argued that an 
institution such as the European Science Foundation, which is 
essentially a forum in which European grant-making agencies can 
put their heads together over common problems, and think of 
solving some of them, must run the danger of losing touch with 
the individual researchers on whom its success must depend. 

Nobody in Europe will quarrel with a word of this, at least so 
far as it goes. Lord Flowers, the chief architect of the foundation, 
is understandably wedded to the notion of organic growth in 
European collaboration. He and others were also at the outset 
convinced that the creation of a body such as the European 
Science Foundation beneath the umbrella of the European 
Communities would be disastrous, however large the annual 
budget. That decision was without question correct. Freedom 
from the Commission’s tutelage has allowed the foundation to 
draw its membership from all over Europe, not simply from that 
part in which the European Commission’s legal writ runs. More 
important, the foundation has not found itself in the invidious 
position of having to look for solutions to the short-term and 
often artificial problems that the Commission repeatedly singles 
out as urgent. If it had accepted the Commission’s offer. of 
financial support, the foundation would long since have found 
itself tackling the impossible task of hammering out, or even 
carrying out, a research programme to make European 
computers better than other people’s, or to resolve the endless 
(and intrinsically political) conflict about the basis on which 
environmental regulations should be set. Instead, the foundation 
has been able to tackle the tasks at which its chance of success was 
reasonably good. The long-term goal is the encouragement of a 
sense of community within European science. With the passage of 
time, the argument seems to run, the scientific community will 
itself determine how a European scientific community should. be 
organized. 

If there were the whole of time to play with, such a policy would 
make good sense. But the successful pursuit of the ideal is possible 
only within an ideal environment. In Europe as it really is, the 
problems afflicting the scientific communities of at least half a 
dozen states are too urgent to be allowed to wait. When European 
research institutes such as the European Organization for Nuclear 
Research (CERN), rightly held out as successes for European 
collaboration, are themselves threatened by the possible 
defection of member states such as Britain, when plans for 
collaborating in other international research programmes (such 
as deep-sea drilling) are frustrated by the general shortage of 
funds and when it seems likely that important pieces of nationally- 
built scientific equipment will be wasted because their builders 
(the British research councils in particular) can no longer afford to 
use them properly, there is a strong European case for some more 
robust mechanism for mutual support in times of trouble. For its 
own sake, the European Science Foundation does not want to be 
hurried. But that may be too great a luxury to expect. 

What, in these circumstances, might be done? The best chance 
is that the foundation may be able to move on from identifying 
barriers to mobility within Europe to becoming a monitor of what 
is happening within European science. There are housekeeping 
jobs to do, such as the compilation of the up-to-date register of 
who does what research, now done by some European 
governments, but always unsystematically. There is also the more 
contentious task to tackle of inducing among the European 
research councils (most of whom are members of the foundation) 
asense that coordination of some kind would be desirable. Evena 
device as simple as trying to produce an annual report on 
European academic science would: be a sensible starting point. 
But these are only beginnings. O 








Ttalian research 


New president’s ambitions 
firm and unclouded 


Rome 

» PROFESSOR Luigi Rossi Bernardi, the 
respected haemoglobin physiologist who is 
the new president of the Italian national 
research council (CNR), is moving like a 
whirlwind through the dusty corners of this 
dominant institution of publicly-funded 
science in Italy. But some old hands are 
already wondering whether the wind will 
really clean up the moribund organization 
or merely raise dust. 

Whatever the outcome, the new 
‘president is starting as he means to go on, 
not least. by introducing real (if presently 
crude) measures of output and scientific 
quality into the CNR system, where many 
groups and projects, critics say, are 
continued long beyond their useful life. 
Thus, within days of his appointment, 
Rossi Bernardi obtained tapes of world 
publications and citations from the 
Institute for Scientific Information in 
Philadelphia, and began analysing them on 
acomputer in Milan for the publications of 
CNR groups and institutes. 

The analysis took a week of computer 
time, but threw up results such as that some 
ten CNR groups or institutes (out of 270) 
“had published nothing for five years. Such 
‘groups will be closed, Rossi Bernardi 
“promises. 

And at an extraordinary meeting last 
week in Rome, nominally to present the 
annual report to the assembly of CNR 
which was in practice the new president’s 
first. chance to present his policies.publicly, 
these policies were alternatively vigorously 
supported, barely criticized and finally 
approved. According to one enthusiast, 
who spends half his time at the US National 
Institutes of Health, the occasion was 
fundamental in that it represented a 
thorough changing of the old guard. 

As if to emphasize the political nature 
and: certainly the importance of the task 
ahead, Rossi Bernardi was flanked 
throughout last week’s meeting by the 
minister of research, Mr Luigi Granelli, 
who seems at.least as deterrnined as his new 
CNR president tö change the face of Italian 
science. It was the first time in the memory 
of some observers that a minister had spent 
so long at a CNR meeting — which ran into 
a second day, with a seminar on the 
international relations ofthe council. In 
that half of the meeting, distinguished 
Italian scientists working abroad presented 
their comparisons of foreign (often 
American) procedures with those in Italy, 
thus. — inevitably — lending weight to 
‘Rossi ‘Bernardi’s own proposals. Italian 
Science attachés from Washington, 
w and elsewhere were also afforded 
‘thei own time for criticisms. Rossi 








Bernardi later made some ‘‘quite exciting 
proposals”, according to one attaché, for 
the revitalization of the attaché network — 
thus emphasizing the importance the new 
CNR president attaches to avoidance of 
parochialism. 

Granelli also pledged himself to 
removing the ‘‘parastatale” status of the 
CNR, which equates CNR scientists with 
the meanest of Italian civil servants, and 
whose effect is to make promotion entirely 
dependent on age. He also estimated 
present Italian research and development 
spending as 1.3 per cent of gross national 
product (it was under | per cent at the end 
of the 1970s), and set a target of 2.5 per cent 
by the end of the 1980s. There was a 40 per 
cent increase in public spending on science 
in Italy last year, it was claimed. 

Rossi Bernardi’s objectives for 1985 
include: 
© Decentralization. 


NIH research 





© Cutting a tangle of red tape’ and 
obscurity in CNR financial management, 
including a new separation of admin 
istrative and research expenditure: 

@ Setting up a databank on CNR 
personnel. 

@ Monitoring scientific output. 


@ Better control of the “finalized 
projects” (through which, in practice, 
many university groups raise funds for on! 
nominally applied research projects). 

According to the minister of research, 
such reform is necessary not only for CNR, 
but should act in CNR as a “nucleus” for 
the reform of science in all Italy, 

All stirring stuff — but some sceptics 
Rome last week felt the momentum.would - 
finally dissipate in the treacle of Italian 
bureaucracy, while others felt. Ross 
Bernardi to be well-meaning but political 
naive in a country where politics is all 
Granelli, who is strongly behind the new 
CNR president’s initiatives, may also not 
last long — few Italian ministers do, as 
governments fall frequently, or he may b 
promoted — when Rossi Bernardi ma 
find himself exposed and rather alone. But. 
as Granelli himself said last week, Italy 
faces ‘‘marginalization’’ if research is not 
taken in hand. Robert Walgate 


Reducing grant-writing burden — 


Washington 

THE US National. Institutes of Health 
(NIH) are to consider extending the 
durations of their extramural research 
project grants in order to reduce the burden 
of preparing grant applications and to 
provide reviewers with better evidence on 
researchers’ peformance. This general 
proposal was well received at a meeting last 
week of the NIH director’s advisory group, 
and NIH director James Wyngaarden said 
after the meeting that he took the favour- 
able response as an ‘‘endorsement in 
principle” for extending grants to first- 
time applicants beyond the usual 3 years. 
Grants to mid-career and distinguished 
investigators might also be extended. 

The move comes in response to growing 
concern in the academic community that 
the pressures created by the system as at 
present operated — termed ‘‘intim- 
idating’’ by Wyngaarden — are impeding 
research creativity. Most first-time grant 
holders must start preparing renewal 
applications after less than 18 months’ 
work — hardly enough time for a realistic 
appraisal of progress. Furthermore, 
researchers often spend up to three months 
drafting applications, because most 
believe, probably correctly, that their 
chances of a renewal depend on the result 
of a detailed scrutiny of the proposal. 

Several invited participants from acad- 
emic institutions last week urged a return to 
the philosophy of investment in promising 
scientists, rather than ‘‘procurement 
research’’. There was dissatisfaction that 





‘study groups”, the first level of pe 
review for grant applications, spend t 
much effort examining minutiae and 
“‘micro-managing”’ projects. Many sug: 
gested that reviewers would be able to mak 
more informed judgements if most. first. 
time grants were to be extended to, say, five 
years. One proposal that Wyngaarden 
found attractive was that grants might 
specify a fixed amount of money that could 
then be spent over a longer or shorter 
period depending on progress, This: 
solution might allay the anxiety of having: 
to produce results within three years, while ` 
avoiding substantial extra commitments on. 
the NIH budget. However, no formal vote ' 
was taken, and Wyngaarden stresses that 
any change to present practice will first be 
subject to internal review. 
Dr Joshua Lederberg, president of 
Rockefeller University and a leading: critic 
of present practice, said it was not yet clear ` 
how. any change should be implemented, 
and stressed the need for more information: 
on the careers of those who fail to obtain 
grant renewals and disappear from NIH 
records. Academic institutions are becom- 
ing less able to find alternative work för“ 
such people, and the average duration of | 
tenure of a trained researcher within the: 
extramural system is only seven years,” 
which Lederberg thinks represents a. 
wasted investment. Reviews emphasizing: 
the track record of the applicant would, he. 
feels, bring much-needed stability to the. 
careers of mid-term investigators. : 
Tim Beardsley 





Commission’ s directive in balance 


Brussels 
UNLEss they can hammer out several major 
political compromises, environment 

“ministers of the European Communities 
meeting here next week (6 December) have 
little chance of getting to grips with the 
problem of air pollution. 

_ For the past several weeks, discussions of 
the draft directive on limiting emissions 
from large combustion plants have shown 

_ little sign that the member governments are 

“prepared to relax the positions they de- 
‘fended at the last council in June. If any- 
thing, they seem more firmly entrenched, 

‘atleast to judge from the number of objec- 
tions lodged to this important and con- 
‘troversial piece of Community legislation. 

The Commission wants to see air pollu- 

ction programmes in force by | January 

(4985. The draft directive would set uniform 

emission standards for sulphur dioxide, 

_ nitrogen oxides and dust from plants witha 

thermal output of 50 megawatts or more. 
Its aim is to reduce, by 1995, the volume of 
sulphur dioxide emitted by 60 per cent 
(compared with 1980), and dust and nitro- 
gen oxides by 40 per cent. 

The member governments, however, re- 
-main divided both on the particular emis- 
“gion limits in the draft directive and on the 

principle whether there should be global 
emission standards at all. 

“In the forefront of opposition to the 
directive is the United Kingdom, which 
argues that deadlines are not necessary 
because scientific evidence on the contribu- 

‘tion of industrial plants to air pollution is 

-still incomplete, and that the cost to 

“industry of implementing the directive 
¿would not be offset by its effects on the 

_cenvironment. According to the Commis- 
“sion, the extra cost of fitting new combus- 

tion plants with desulphurization equip- 
ment to remove 90 per cent of sulphur from 

“fuel gases to achieve the limit of 400 mg of 
sulphur dioxide per cubic metre would be 

US$100 per kilowatt of electricity pro- 
duced. 

Other opponents of the directive are 

Greece and Ireland, both of them 

“conscious that their industrial emissions 
are likely to increase in future. Greece is 
planning new generating plants using its 
own indigenous and particularly polluting 
fuel. Ireland, for this half-year the 
president of the council, is in a ticklish 
position, having to show itself in a forceful 
role while having to replace much natural 
gas usage by coal-fired electricity 
generating plants. 

Luxembourg, which has no plants that 
would now be affected by the directive, is 
also worried about the future, while Italy, 
which also opposes the directive, is asking 
that emission limits should be fixed nation- 

cally, not at Community level. 

“<The emission limits proposed by the 
‘Commission are, however, considered too 





weak by West Germany and the Nether- 
lands. Denmark, which is in favour of the 
directive, also considers the emission limits 
too strict, especially for nitrogen oxides 
and dust. 

Indeed, several governments would 
prefer to see dust left out of the directive 
altogether, partly because monitoring of 
dust emissions can be up to 50 per cent in 
error and because of the lack of data about 
present practice. The British want the 
directive to apply only to steam or elec- 
tricity generators and not to the cement 
works, brick works and/or treatment 
plants that would at present be included. 
While some (including France, Ireland, the 
Netherlands and Italy) consider these a 
dangerous source of nitrogen oxides, other 
governments insist that control technology 
is at present inadequate for the directive to 
be effective, 

There is also disagreement about the size 
of plants to which controls should apply. 
The United Kingdom has proposed a 100 
MW threshold, Ireland 150 MW. Although 
the Commission’s proposal includes a 
number of temporary exemptions, as when 
costs of compliance would be dispropor- 
tionately high or when total annual 
emissions are lower than in other countries, 
even these are considered insufficient by 
countries such as Greece, Ireland and 
Luxembourg. 

The Irish presidency’s search for a com- 
promise is turning out to be difficult. Three 
proposals have been put forward. 

@ Limiting the directive to new plant, 
which West Germany fears would allow 
too much plant now planned or being built 
to escape regulation by the time the 
Community directive is turned into 
national law, 

@ Raising the threshold to 150 MW, to 
which some object that the result would be 
more small plants and thus more pollution 
in total. 

© A quota system with national emission 
rates fixed on criteria such as the level of 
energy consumption and the contribution 
to transboundary pollution. Belgium ob- 
jects on the grounds that this compromise 
would be discriminatory and West Ger- 
many on the grounds that it violates the 
polluter-pays principle. The Commission 
itself fears that this compromise would 
conflict with Community law. 

At next week’s meeting, the ten govern- 
ments will be equally divided, with Britain, 
Greece, Ireland, Italy and Luxembourg in 
opposition. A further complication is that 
the Commission’s draft directive has been 
severely criticized by the European Parlia- 
ment on the grounds that it is too lax. 
Ursula Schleicher, West German Member 
of the European Parliament, for example, 
says that the five-year exemption for plants 
below 100 MW will generate the building of 
small plants. She also advocates a 











supraregional monitoring syste ; : 
pollution and financial support from the : 
Community to deal with regional: 
problems. : 

The European Parliament itself has 
called for the application of the standards 
to existing plants and for stricter- emission 
values by the end of 1990. i 

Another contentious issue next week is 
that of phasing lead out of petrol (see; 
Nature 4 October, p.401). The council will 
be able to take a decision only in principle, 
because the European Parliament's. 
opinion has been blocked by the 158 
amendments submitted during its last 
session. ; 

Denmark, Luxembourg and the Nether- 
lands have, however, joined West 
Germany in their willingness to introduce 
lead-free petrol by 1986 while others would 
agree that this date should be optional 
(with the exception of Greece, which is 
unhappy about the whole thing). France is 
saying that the interim standard of 0.15 
grams of lead per litre of petrol need not be 
included in the directive. 

Among the other issues that will be 
discussed next week are a proposal that 
Community governments should aim at US 
emission levels from automobiles by 1986 
rather than 1988, but again there are 
differing opinions about the need for an 
interim set of emission standards. The 
meeting will also have to decide whether to 
spend 100 million ECUs on a five-year 
programme to protect forests from fires as 
well as acid rain, chiefly by setting up a 
monitoring network. Anna Lubinska 





New climate unit 


ANEW centre for atmospheric and oceano- 
graphic reseach was opened at the Univer- 
sity of Oxford two weeks ago by the chair- 
man of the UK University Grants 
Committee, Sir Peter Swinnerton-Dyer, in 
his capacity as chairman of the Meteoro- 
logical Committee, which answers. to the 
Secretary of State for Defence. The new 
centre, which promises to play a significant 
role in both satellite meteorology and large- 
scale oceanographic-climate modelling, is 
unique in being administered and 
supported by the Meteorological Office 
while being located in a university depart- 
ment — Oxford’s department of aimo- 
spheric physics. 

Most of the staff at the new unit are 
drawn from the Meteorological Office, 
with the addition of Dr Adrian Gill, a 
theoretical oceanographer (who until 
recently was af the University of Cam- 
bridge). The staff are drawn equally from 
the fields of numerical oceanography and 
satellite meteorology, and the expectation 
is that close proximity to the atmospheric 
and remote sensing expertise at Oxford will 
focus and stimulate research on such 
problems as tropical climate-ocean inter- 
actions and. satellite sea-surface measure- 
ments. Philip Campbell 





é ne therapy 


US clinical trials imminent 


Washington 

THE way is now being cleared for the first 
human gene therapy experiments, which 
could take place as early as next spring. 

One research group, headed by Dr Ted 
Friedmann of the University of California 
at. San Diego, has already received per- 
mission from the local Institutional Review 
Board (IRB) — the panel charged with pro- 
tecting human research subjects — for 
clinical trials of a procedure aimed at cor- 
recting the genetic defect responsible for 
LLesch-Nyhan disease, although the pro- 
posal would still have to be approved by the 
National Institutes. of Health Recombinant 
DNA. Advisory Committee (RAC) before 
trials could begin. 

- In anticipation of Friedmann’s and 
other proposals, RAC earlier this year 
established a working group on human 
gene therapy which is in the process of 
drawing up guidelines that will tell re- 
searchers what information to submit with 
their proposals. The working group, which 
includes ethicists as well as physicians and 
researchers, will also screen all such pro- 
posals before presenting them to the full 
RAC for consideration. 

A draft of the guidelines, known as 
Points to consider in the design and sub- 
mission of human gene therapy protocols, 
makes it clear that RAC plans to look be- 
yond the questions of risk and protection 
of human subjects in its scrutiny of pro- 
posals. Many members of the working 
group strongly favour expanding RAC’s 
purview to include such social issues as 
whether the procedures will be subject to 
proprietary rights and whether the pro- 
posed somatic-cell treatment could affect 
the reproductive cells of the patient. 

Nevertheless, it is considered unlikely 
that the working group or the full RAC will 
turn down legitimate proposals from re- 
searchers seeking to perform somatic-cell 
gene therapy. One scientific member of the 
working group has in fact resigned in im- 
patience at needless hand-wringing over a 
foregone conclusion. 

Meanwhile, a broad consensus appears 
to have emerged among religious leaders 
and. ethicists that. although germ-cell 
therapy —- that is; alteration of heritable 
traits — raises difficult ethical problems, 
no such objections exist in the case of 
somatic-cell therapy. The Office of Tech- 
nology Assessment (OTA), which is releas- 
ing a study on human gene therapy next 
month, found strong support for this view 
among a group of theologians, religious 
leaders and ethicists it assembled for a 
meeting in September. 

“The Food and Drug Administration 
(FDA) is also preparing itself for the first 
gene therapy experiments. In an announce- 
ment to be published shortly in the Federal 
Register (and which will be part of a larger 
statemient-of overall federal policy on the 








regulation of biotechnology being coord- 
inated by the Office of Science and Tech- 
nology Policy), FDA will make clear that it 
intends to view recombinant DNA used for 
human gene therapy to be ‘‘biologicals’’ 
subject to FDA regulation. 

Before beginning clinical trials, re- 
searchers would have to apply to FDA for 
an ‘investigational new drug” permit for 
the recombinant DNA; and FDA would 
have to approve the product’s safety and 
effectiveness before its general use could 
begin. (Unlike the RAC guidelines, which 
are technically binding only upon research 
institutions that receive federal funds for 
recombinant DNA research, the FDA 
procedures have the force of law.) 

The OTA report notes four research 
groups that are close to clinical trials. 
According to NIH officials, at least one 





Japanese telecommunications 


Future goes up in flames 


Tokyo 

A LITTLE forgetfulness on the part of a 
Tokyo telephone repair man last week 
almost certainly caused Japan’s first 
“‘telecommunications disaster’? —- and a 
heated debate about the vulnerability of 
the new ‘‘electronic society’’ into which the 
nation is rushing headlong. 

What the repair man apparently forgot 
to do was to remove a small piece of rag 
wrapped around telephone cables in a lead 
pipe he was soldering. The result was a fire 
that spread into underground ducting and 
destroyed 90,000 telephone, databank and 
telex links, cutting off telecommunications 
in one whole ward of Tokyo and bringing a 
large part of the nation’s banking 
operations to a halt. 

Worst hit was Mitsubishi Bank, the 
nation’s fourth largest. The fire cut the 
vital link between its central mainframe 
computer, which holds details of 6 million 
customers’ accounts and records 200,000 
transactions a day, and the office that 
relays the data to its 217 branches. All 
Mitsubishi’s banking operations through- 
out Japan immediately came to a complete 
halt. Three more of the nation’s top five 
banks also lost links with central computers 
and had to stop transactions in and around 
Tokyo, and 48 post office branches close to 
the fire had to halt savings account 
operations. 

Businesses in the area were thrown into 
confusion. One of the big security com- 
panies had to stop trading when its com- 
puter was cut off, a major parcel company 
lost access to the central computer that 
records the routing and delivery of the 
600,000 packages it handles each day, 
hospitals lost access to medical records 
normaliy sent by facsimile, the major 
overseas news wire service lost contact with 
































































grant application recently received: by the. 
genetics study section includes a proposal 
for human trials. All three of the target 
diseases mentioned in the OTA report as 
likely early candidates involve single gene 
defects that result in enzyme deficiencies. 

One candidate is Lesch~Nyhan disease, 
recognized by renal failure and central 
nervous system disorders. The others are 
purine nucleoside phosphorylase defic- 
iency and adenosine deaminase deficiency, 
both recognizable by the severe immuno- 
deficiency they cause. Stuart Ork 
(Harvard University) and David. Martin 
(University of California, San Francisco, 
in collaboration with Genentech) have si 
their sights on genetic replacement of the 
deficient enzymes. a 

In each case, the defect is in the bone 
marrow; the most likely clinical approach 
would be to remove the patient’s marrow, 
infect the cells with “repair” DNA carried 
by a retro-virus, and then replace ‘the | 
marrow. Stephen Budiansky, 


foreign offices, and hundreds of retail and. 
wholesale businesses saw telex, credit card 
and telephone orders vanish and super 
markets unable to order fresh stock, 
Residents of Settagaya ward, where t 
fire broke out, slipped back into the pre- 
telephone era. All telephone lines were cut, 
including those for emergency services, s 
that people had to report crimes and fires 
local stations on foot. To try to see thing 
through, the telecommunications mono- 
poly, NTT, brought in armies of couriers to 
relay messages between the central 
telephone office and local residents — four 
days after the fire, nearly 5,000 messages a.. 
day were being carried. A satellite link was. 
provided from a mobile transmitter, a mo-.” 
bile exchange brought in and 800 public 
telephones set up in the street — some 30 
minutes of queuing was, however, needed 
to make a call. 
Frantic efforts by NTT to restore tele- 
communication services have continued, 
with 10,000 man-days of work in the week. 
since the fire. Telephone lines should soon: 
be fully restored, although it will be 
another couple of weeks before all the 
damage is repaired. 4 
Meanwhile, businesses in the affected 
area are finding to their chagrin that 
provisions for compensation are hopelessly 
out of date. An appeal to NTT by 600 shop: 
owners on the grounds that ‘‘telephone. 
paralysis is a new kind of city disaster” is 
not likely to meet with a generous response: 
The public telecommunications law, 
adopted around 30 years ago, provides. ` 
only that if a telephone service is stopped 
for more than five days, compensation will 
be provided at the same rate as the basic 





rental charge: that means that compen- 
sation would reach about £20 after a three- 
| week stoppage. Alun Anderson 











_ Informatics 





Milan 
C OLIVETTI, the Italian-based typewriter and 
office furniture company now well- 
launched into a transformation into an 
informatics business, aims to become 
Europe’s IBM, said economic studies 
_ director Bruno Lamborghini at a meeting 
at Olivetti’s headquarters at Ivrea last 
week. But the company has a long way to 
go. It ranks tenth among world informatics 
technology companies, and is second in 
“Europe only if it includes sales of electronic 
typewriters. Moreover, first place in 
Europe is taken by IBM itself, with seven 
times Clivetti’s European sales. But 
<: Olivetti is chasing fast: its consolidated 
profits in 1983 were triple those of 1982, 
zand its sales volume curve is at present 
“ising like the graphs normally seen only in 
cartoons. 

The rub for Europeans, however, is that 
‘Olivetti’s rise and rise is only partly a Euro- 
pean phenomenon. Although nobody 
would say so explicitly, it is clear that 
Olivetti has written off any major prospect 

of growth by combination with other 
European partners. Instead, it is relying on 
the deal made earlier this year with a big 
“wolf, the American Telephone & Tele- 
“graph Company (AT&T, formerly Bell 
Telephone), which has injected capital into 
Olivetti to a total now reaching a quarter of 
the outstanding equity. 
The deal allows the fraction ultimately to 
reach 40 per cent, coming close to control, 
but in a display of bravura occasioned by 
Olivetti’s tremendous success lately under 
‘its dynamic president, Carlo de Benedetti, 
: the company shows no fear that it will act 
“merely as the back door by which the 
“American wolf will enter Europe. 
- Indeed there is talk in Ivrea of showing 
: AT&T how to make proper use of its 
wasting asset, Bell Laboratories, which are 
seen as ‘good for Nobel prizes” but rela- 
tively weak on applications technology for 
“the new informatics market. Olivetti now 
-has a hundred or so people at Bell Labs at 
“any one time, where they have access to all 
“but defence and public switching work. 
This offers Olivetti ‘‘a unique 
opportunity’’, says Lamborghini. The 
company has always been conscious of 
design, which in turn means marketing, 
which in turn means the needs of office 
users — which is where the information 
=` revolution is taking place. The combin- 
“cation of Bell research (and communi- 
“cations technologies) and Olivetti’s close- 
‘ness to the office could be a very powerful 
combination that would leave mainframe 
- dinosaurs such like IBM behind. Such is 
< the-stuff of dreams at Ivrea. 
“But what of combination in Europe? 
~**The political and economic discord that 
currently divides the European countries 
does not permit optimism on possible pro- 
“ogress in the immediate future”, write 











Olivetti bids to rival IBM 


Lamborghini and the corporate marketing 
director Vittorio Cassoni cautiously in a 
joint report. Esprit, the joint European 
project on fifth generation (‘‘intelligent’’) 
computers, is welcomed at Olivetti but seen 
as ‘‘very small’? compared with the efforts 
of US manufacturers, said Lamborghini 
last week. 

It is playing an important role in the 
definition of common European 
standards, however. Esprit provides a 
point of contact where companies can meet 
(“it was incredible how the European 
companies, even in the same country, were 
isolated”) but there is frustration in 
Olivetti at how national and inter-company 
rivalries are hindering the project. Thus 
Olivetti directors, asked whether the 
company has decided to go it alone (with 
AT&T) without the help of Esprit, shrug 
their shoulders in a gesture of ‘‘what do 
you expect?’’, and smile. 
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“interested in Bell Labs’ flat screen (plasm: 


technology, in non-impact (thermal and 
ink-jet) printing, and above all in. voice 
input and output. Artificial intelligence 
(AI) is also seen as ‘‘crucial and strategic’, 
requiring research at many levels and in 
many directions, as intermediate products 
— particularly involving voice recognition 
— will be affected by intermediate develop- 
ments in AI research. But Olivetti does not 
intend doing basic research in Al — it will 
leave that to Bell Labs. 

As for products, Olivetti research 
director Arnaldo Pasini foresees a laser 
printer with all the graphic capabilities of a 
newspaper, a digital reader (to record in- 
coming letters etc. in bit image form, sa 
there will be no need to keep paper files), 
and vocal input and output, all within a few 
years. Most innovative technology will 
come from the United States, where Oli- 
vetti has now invested in some 20 venture 
companies, Pasini says. Olivetti’s job will 
be to match it to the market: to become, 
says one commentator, “the great trans- 
former”. Robert Walgate 
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Golden parachutes at Ispra 


ScmME 120 high-grade scientists and 
technicians earning between £25,000 and 
£40,000 a year at the European Com- 
mission’s Joint Research Centre (JRC) at 
Ispra, in Italy, are to be offered early retire- 
ment on terms starting at 70 per cent of 
their current salary. Or so says a proposal 
now before the European Parliament for 
its ‘opinion’. According to Glyn Ford, 
Labour Member of the European Parlia- 
ment and once science policy lecturer at the 
University of Manchester, that opinion 
should be “no” — although the Energy, 
Research and Technology Committee to 
which he belongs has voted the measure 
through. 

Ford says the objective of the proposal is 
‘perfectly sensible”, for it is aimed at 
shifting 50-60-year-old nuclear physicists 
who were given lifetime appointments 
when JRC began as a Euratom research 
centre 25 years ago, and bringing in 
younger, more junior scientists in new dis- 
ciplines. The European Parliament and the 
Commission have both been urging JRC to 
rejuvenate the shift to non-nuclear tech- 
nologies and environmental issues, and the 
retirement scheme is a response to that. 

“But I object to the quantity of cash in- 
volved and the method by which people are 
being retired’, said Ford on Monday. The 
retirement scheme will be voluntary and 
unrestricted, ‘‘so only the best people will 
go”. There has long been doubt about the 
scientific productivity of JRC, and this 
could make the situation worse, Ford 
believes. The result of a similar scheme at 
Manchester, Ford says, meant that all the 
people who could get jobs, and were in 
demand {such as computer scientists and 
accountants) left, depleting the university 








of a useful cadre of people. Moreover, 
although those taking retirement from 
JRC will be obliged to notify the centre if 
they subsequently begin earning enough tc 
take their total income (including pension) 
beyond their original income, the scientists 
come from many different countries and 
violations will be difficult to trace. The 
result will probably be a brain-drain ‘‘to 
our competitors” financed by the Euro- 
pean Community, Ford claims. 

JRC director Jean-Albert Dinkespieler, 
however, puts the matter in a slightly 
different perspective. The net cost to JRC 
will be 1.5-2 million ECU (about £825,000 
~£1,100,000) a year for ten years, only 1-2 
per cent of the JRC salary bill, when 
account is taken that money will be saved 
by replacing highly paid by younger less 
well-paid people. Moreover, he points out, 
all new appointments will be on a contrac! 
(5-year renewable) basis, to avoid a repe- 
tition of the problem now being faced. 
Similar schemes have operated successfully 
at the European Space Agency, he claims. 
The researchers were too old to change 
speciality, and too young to retire, so what 
else should be done to create movement? 

It would probably be a one-off exercise, 
said Dinkespieler, and would involve 
recruitment of biologists (an innovation 
for Ispra), air and water chemists anc 
oceanographers for pollution studies. The 
Council of Research Ministers has given it: 
outline approval to the scheme, he said, bu: 
European parliamentary approval (whict 
involves the advice of many committee: 
including Energy, Research and Tech. 
nology) was also necessary. Ford’s inter- 
vention had made matters more difficult: 

Robert Walgate 





‘Non-nuclear election party 


“Canberra 
THE Australian Labor government’s uran- 
ium export policies and the combined 
presence of joint US—Australian defence 
< facilities at North-West Cape, Nurrungar 
‘and Pine Gap are looming large as issues in 
the forth-coming federal elections to be 
held on 1 December. Perhaps the most 
“unexpected development in the run-up to 
the election has been the swift rise to 
: prominence of a new single-issue political 
party — the Nuclear Disarmament Party 
(NDP), formed only in June, which 
appears likely to capture at least one seat in 
the half-Senate election, if recent polls are 
to be'believed. The polls also suggest that 
“the government will retain power in the 
» lower house, with the personal popularity 
_of the Prime Minister, Mr Bob Hawke, a 
large factor. 
“The Senate (the upper house), however, 
“is the Achilles heel of the Labor Party, and 
triggered the downfall of the Whitlam 
government in 1975. In a Senate in which 
the government may again not gain con- 
trol, NDP says that if elected, its members 
will vote only on questions relating to 
uranium, disarmament and the joint 
facilities. Ironically, this would limit their 
; capacity for log-rolling deals, since the con- 
servative opposition parties are likely to 
vote with the government on most nuclear 
“issues. Mr Hawke said that a vote for NDP 
‘would be wasted and hastened to point out 
‘the Labor government’s achievements in 
“the disarmaments sphere. He added that, 
„as the South-East Asia/Pacific region 
member country ‘‘most advanced in the 
_ technology of atomic energy including the 
production of source material’’, Australia 
has a designated seat on the board of the 
International Atomic Energy Agency and 
has recently become a member of the 
United Nations Security Council. 
Since July 1983, Australia has been re- 
presented in international forums by an 
ambassador for disarmament, Mr Richard 
Butler, and funds have been made avail- 
able for a peace studies centre at the 
Australian National University, in support 
of the comprehensive test-ban. As well as 
attempting to help solve the procedural 
‘problems that have plagued the conference 
on disarmament, Australia is also playing a 
large role in the current technical trials of 
an international test-ban. verification net- 
work, run by the Geneva Group of Scient- 
ific Experts on Seismic Events (GSE). 
Coordinated from the Bureau of Mineral 
Resources in Canberra, Australian seismic 
Stations at Alice Springs (Northern 
“Territory), Narrogin (Western Australia), 
‘Charters Towers (Queensland) and 
Mawson. (Antarctica) transmit data to 
Melbourne for relay to the other centres 
: (Washington, Moscow and Stockholm) 
‘through the.World Weather Watch telex 












But the disillusioned ex-Labor sup- 
porters and young people of NDP reject 
the government’s whole nuclear package. 
They believe Australia’s best interests lie in 
closing the joint defence facilities and in 
leaving Australia’s large reserves of 
uranium in the ground. Jeffrey Sellar 





European all-change 


PROFESSOR Eugen Seibold, president of 
the Deutsche Forschungsgemeinschaft, 
was appointed president of the European 
Science Foundation at the tenth annual 
meeting of the foundation in Strasbourg 
last week. Professor Seibold succeeds M. 
Hubert Curien, president of the found- 
ation since 1980, who has felt it necessary 
to resign on his appointment as Minister of 
Research in the government of France. 
Professor Seibold has been active in the 
foundation’s activities since its inception, 
recently as vice-president. 

The Strasbourg meeting last week also 
appointed as the foundation’s secretary- 
general Mr Michael Posner, until two years 
ago chairman of the British Social Science 
Research Council.Mr Posner succeeds Dr 
John Goormaghtigh, secretary-general at 
Strasbourg for the past six years. 

The members of the foundation last 
week agreed that the budget for the coming 
year should amount to just under FF10 
million, an increase of some 9 per cent 
compared with the previous year. In 
addition, the members of the foundation, 
mostly grant-making research councils, 
have agreed to contribute an equal amount 
to the cost of the foundation’s ‘‘additional 
activities’’ — cooperative research projects 
to which interested members contribute 
and in which they usually participate. © 









































Yugoslavia 


Brain drain 


AN ‘‘irresponsible attitude” towards 
science and scientists has produced: a 
massive brain drain from Yugoslavia, 
according to a new survey from the Zagreb 
Centre for Migration Research, reporte 
by the Belgrade daily Politika-Ekspress. 

According to the latest figures, duri 
the past two decades some 5,000 Yugoslav 
specialists have left, with a peak of 1,371 
leaving in 1968-73. The basic reasons. 
according to Politika-Ekspress, ar 
“bureaucratic harassment’’, inadequa 
opportunities for promotion, or even the 
total lack of a job, and the desire for hi 
earnings and a higher standard of 
Vujica Jevdrevic, an expert in hydro By 
employed by the United Nations, w 
could not obtain ‘‘adequate conditions to 
continue his work” in Yugoslavia; and 
decided to remain in the United States: T 
“celebrated mathematician’. The nuclear 
phycisist Bogdan Maglic was fired from his 
Yugoslav post asa result of a bureaucratic 
error, while he was in the United State: 
doing advanced studies, so that he decided 
not to return. : 

According to Politika-Ekspress, .t 
brain drain is motivated by practical and. 
economic considerations, and there are 
(implicitly) no political factors involve 
Indeed, it is noted that ‘the high 
political bodies and the Yugoslav leade 
ship” have recently been demanding 
the “‘irresponsible’’ stance of the bur: 
crats towards science and scientists should 
be substantially reformed. It is not 
worthy, however, that the peak years | 
emigration, 1968-73, cover the purge of 
scholars associated with the Matica» 
Hrvacka movement in Croatia, and 
subsequent similar purge of intellectuals 
Serbia. Vera Ri 





Acid outback rain 
Canberra 
ACID rain in the outback of Australia? 
Surely not. Yet this.is the conclusion of two 
independent teams of atmospheric scien- 
tists on the hydrogen -ion concentrations in 
rainwater at sites hundreds of kilometres 
apart in Australia’s Northern Territory. 
The teams, led by Dr Gene Likens of the 
Institute of Ecosystem Studies of (he New 
York Botanical Gardens and Dr Barry 
Noller of the Office of the Supervising 
Scientist, Alligator Rivers Region Research 
Institute, presented their results at an 
international conference on the scientific 
application of baseline observations of 
atmospheric composition, held earlier this 
month at the Commonwealth Scientific 
and Industrial Research Organization 
(CSIRO) Division of Atmospheric Physics 
in Aspendale, Victoria. 

Both groups found that af their respec- 
tive rainfall sites at Katherine, 200 km 



















south-east of Darwin, and Jabiru, 300 km 
east of Darwin, the average hydrogen-ion 
concentration was aboul one-third that of 
the corrosive acid rains of northern Europe 
and North America. The difference is that 
the sulphate and nitrate ion concentrations 
are at least. an order of magnitude less than 
the Northern Hemisphere measurements 
and that the high hydrogen-ion conce 
tration is accounted for by the unexplained 
presence of formic, acetic and other weak 
acids, At some sites, pH readings as low: as 
3 have been recorded. The organic. aci 
concentration is highest in the early part í 
the wel season (November~December) and 
lowest in the monsoon period (January= 
March). Dr Likens is reported to have been 
keen to undertake the 30-month study. 
order to determine what atmospheric 
chemistry was like ‘‘before the Industrial 
Revolution’. 

Jeffrey Sella 








= It was, perhaps, too much to expect 
e founders of the ‘‘Association for the 
Protection of Evolution” (APE) to give an 
objective report on the recent Biblical 
reation Society (BCS) conference at High 
Leigh (News and Views, 25 October, 
703). What is surprising, however, is that 
you should give such extensive and uncri- 
-tical exposure to views which were self- 
evidéntly biased. 

The very heading to your report, “*Crea- 
tionism in confusion’’, betrays a tenden- 
tious purpose, namely to present BCS in 
the worst possible light. Evey difference of 
Opinion or continuing debate among crea- 
--tionists is represented as evidence of ‘‘con- 
fusion” rather than the product of honest 
quiry and developing ideas. By the same 
token, would the APE-men agree that evo- 
lutionary theory is ‘tin confusion’’ because 
neo-darwinians, punctuated equilibraists 
and reformed cladists disagree? Debate 
and disagreement is the stuff of scientific 
and intellectual progress and the BCS open 
day demonstrated that (contrary to the im- 
“pression given) creationists are capable of 
‘constructive self-criticism at the highest 
“scientific and theological level. 

The conference report contains several” 
serious errors of understanding. Howgate 
d Lewis fail to grasp the purpose of 
David Tyler’s lecture which was not to rein- 
rpret geology in terms of catastrophism 
but to illustrate from field observations (1) 
iat the straitjacket of Lyellian uniformi- 
tarianism is a hindrance to the science of 
geology and (2) that there is a need to test 
the appropriateness of modern analogues, 
whether catastrophic or noa-catastrophic. 
Dr Darnborough, described as ‘‘BCS’s 
top geneticist” is, in fact, a molecular bio- 
logist. He does not *‘believe in evolution”. 
His paper argued, rather, that the opera- 
on of accepted evolutionary processes at 
the molecular level upon genetically perfect 
created organisms would lead to a living 
world with genetic characteristics essen- 
tially similar to those observed in modern 
organisms. This paradigm is fully consist- 
ent with both the scientifically observed 
facts and the biblical doctrines of creation 
and the fall. It further avoids the need toin- 
voke the vast improbabilities of chemical 
evolution. 

My own lecture ‘Christ and the 
Cosmos” is represented as a ‘‘keynote 
theological policy statement’? and a con- 
demnation of ‘American creationists”. It 
was nothing of the kind. It was a positive 
exposition of an important New Testament 
sage which sets out the relationship be- 
een Christ and the created, divorcing 
eationism’’ from the Creator, and illus- 
trated this by reference to certain trends in 
American creationism. To suggest that I 
condemned” or ‘‘attacked’’ the whole 
US creationist movement is so far from the 
ruth that I am tempted to attribute to your 
porters the unworthy: motive of using 
































































your journal to sow international discord 
among creationists. 

The report continues with the statement 
that “ʻa stalwart of the rival creationist 
organization the Creation Science Move- 
ment attcked the backsliding into theism of 
the BCS’’. First, there is no rivalry between 
BCS and CSM. The two societies have 
somewhat different aims but remain in 
close and amicable consultation. Second, 
your correspondents should learn a few 
basic theological terms before venturing in- 
to print on such subjects. Both BCS and 
CSM are proud to be ‘“‘theists’’. It is 
‘*deism’’ that we, equally, disown. 

Finally, we are astonished that you 
should include, as part of the conference 
report, a private conversation over tea be- 
tween one of the APE representatives and 
Dr David Gower. The ethical lapse is the 
more serious since Dr Gower is seriously 
misreported as admitting ‘‘unenthusiasti- 
cally” that he ascribed genetic defects to 
the fall and that sexual communication by 
pheromones has to do with “‘lustful tem- 
ptations’’. These serious misrepresenta- 
tions of a senior university academic are, to 
say the least, deplorable. 

What your correspondents fail to grasp 
is that creationism is an holistic philosophy 
which seeks to understand the scientific 
enterprise within a biblical and theological 
framework. In pursuing this concept, and 
rejecting the arid materialism which under- 
lies so much modern thinking, we are simp- 
ly returning to the paradigm espoused by 
such as Newton, Boyle, Kelvin, Faraday 
and Maxwell, who among others laid the 
foundations of science as we know it. 

E.H. ANDREWS 
Department of Materials, 
Queen Mary College, 
Mile End Road, London El 4NS, UK 





-Riposte on CERN 


Sir — Victor F. Weisskopf and J. H. 
Mulvey (Nature 8 October, pp.599-600) 
make various criticisms of our study of 
CERN, the European laboratory for par- 
ticle physics. The criticisms are unfor- 
tunately misplaced since they relate to a 
brief Nature article (6 September, p.4) 
rather than to the detailed findings recently 
published in two parts in Research Policy. 

First, we do not base our ‘‘main conclu- 
sions on a selection of so-called ‘crucial’ 
experiments’? —- we actually devote as 
much attention to evaluating “‘incremen- 
tal? contributions to science. Indeed, the 
very first conclusion listed in the second of 
our papers is that since 1970, ‘‘the overall 
record of the CERN machines taken to- 
gether has been better than that of the ac- 
celerators at any other laboratory in the 
world when judged in terms of experiments 
producing precise measurements’’. No- 
where do we describe such work as ‘dull 
physics’’. 








the multinational nature of CERN has pre- 
viously led to. problems in research man- 
agement is wholly inaccurate. Even the. 
most cursory reading of our papers would. 
reveal that our evidence comes from inter- 
views with more than 180 high-energy phy-.: 
sicists, many of whom cited this particular. 
problem as important. : 

Third, it is gross oversimplification by. 
Mulvey to suggest that the greater success. 
of the United States in terms of important 
discoveries was due to a single machine. 
The Brookhaven Alternating Gradient | 
Synchrotron had a far better record than 
the very similar CERN Proton Synchro- 
tron, as did Fermilab compared with the 
CERN Super Proton Synchrotron (SPS), 
while the CERN Intersecting Storage Rings 
‘*missed’’ several major discoveries in their 
energy range. 

Fourth, the successes of Stanford with 
the SPEAR collider were not entirely un- 
predictable. Among other factors, they can 
be attributed partly to the fact that the 
machine opened up a new energy range 
(unlike the CERN SPS which began oper- 
ating four years after an identical energy 
US machine), and partly to its users, who 
already boasted an impressive track record - 
in exploiting the earlier Stanford linear 
accelerator. 

Lastly, one of our papers devotes con- 
siderable attention to identifying the 
factors that have structured the perform- 
ance of CERN accelerators. It is therefore 
incorrect to say that we offer no explan- 
ation for the improvement over recent 
years, BEN MARTIN 

JOHN IRVINE: 
Science Policy Research Unit, 
University of Sussex, 
Falmer, Brighton, Sussex BNI 9RF, UK 

















Irish students 


Sir — We were surprised by your statement 
(18 October p.592) under the heading 
“Irish disunity” to the effect that “Roman 
Catholic students from Ulster tend to seek 
higher education south of the border when 
(sic) they are welcomed as if Irish’’. 

This statement is patently false and 
could be unwittingly damaging. Although 
the Queen’s University of Belfast, being 
completely non-sectarian, does not keep 
statistics of students’ religions, it is com- 
mon knowledge that the proportion of 
Catholic students at Queen’s easily exceeds 
the proportion of Catholics in the popula- 
tion of Northern Ireland as a whole: The 
several thousands of Catholic students at 
Queen’s alone, apart altogether from those 
in the non-sectarian University of Ulster, 
constitute a group at least four times larger 
than the total number of all Northern 
Ireland students who attend universities in 
the Irish Republic. 

1.D. STRAHAN 
The Queen's University of Belfast, 
Belfast BT7 INN, UK 
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fractionation requirements. As a conventional 
collector the FRAC-100 is unequaled in 
performance and reliability. Simplicity in design — 
(3 moving parts) and control (flexible y 
fractionation parameters accessed by a - 
multifunction key board) accomplish à 
fractionation routines previously attainable F 
only with large, expensive instruments. 


PS The FRAC-100 will fulfil all your needs for basic j 


fraction collector presents unique data 
handling and integration capabilities. 

The input of a 0-10 mV detector signal A 
is processed by the FRAC-100 to report | 
as a digital display such separation M 
parameters as peak height, peak width, 4 
peak retention and peak area. The 
addition of a PSV-100 solenoid valve 
enables selective fractionation of only 
the peak material as judged by a slope 
detector defined by a programmable 
threshold value. 
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The FRAC-100, as a sophisticated A 
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The FRAC-100 — as a small; 
simple inexpensive fraction 
collector — your best choice, — 
— as a small sophisticated 
inexpensive collector, far 
beyond anything presently 
available — your only choice. 
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Sequence Pattern Recognition Program Instrumental 
in the Discovery of a Unique Sequence Pattern in the 
Procaryotic Genome 





SUMMARY: RESULTS: IFIND High-speed nucleic or amino acid 
QUEST, a sequence pattern recognition Using the 38 QUEST keys, it was dis- sequence homology searches 
“program developed by IntelliGenetics, covered that a characteristic 8 base pair ‘ . ug KA 
allowed scientists at the Institute Pasteur inverted repeat (IR) sequence was found e n > vee ne e n nd 
rapidly search all available nucleic acid predominantly in procaryotic genomes. EEAS PEARS ACI ang 
























databases for characteristic nucleic acid These palindromic IR’s are present at ieee iui 
sequences initially observed in E. Coli. least several hundred times in the ge- IntelliGenetics is currentiy supporting 
The scientists were able to discover the nomes of E. Coli and other bacteria. over 500 molecular biologists worldwide 
location of 67 members of a family of These IR’s are found primarily between with a complete set of programs, all fully 
dispersed repetitive palindromic DNA genes and occur either singly or in compatible with the NIH GenBank”™, 
sequences unique to the procaryotic clusters .* EMBL nucleic acid databases and the 
¢ NBRF protein sequence database. On-line 
CONCLUSION: support, training, consulting and docu- 
These inverted repeat regions, character- mentation is provided for all products. 
HE tcotttenet ie istic of procaryotes, support the cassette IntelliGenetics’ computer tools are avail- 
a ah oie ices ats model of genomic evolution, and further- able through a timesharing system, on the 
ee ea more suggest a specific role for these 32-bit supermicro BION graphic display 
oy © TAICEACICGS e825) cecterraatn sequences in genetic regulation in workstation, or by software license for 
ovo. tota wus mora, ac EE oen procaryotes. multi-user computer systems. 


Be UPDATED owas 
bec inert TREI HEMARARE PROIEIN, OUTER MEMBRANE 


HEN TO Aro, e. Fe, FOBER, A Ya, RABIN Ias BENTH J> 


mamama \itelliGenetics’ QUEST and IFIND pat- 

A tern recognition programs can now help 
QUEST is only one of a complete set of ten 7 
integrated computer resources developed Ai eases oe 
by IntelliGenetics. Other programs which : pity i 
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oe eas va can help you in your research are: To find out more about these powerful 
: ; computer resources, call IntelliGenetics 
CLONER Simulation and design of re- at (415) 328-4870, or send the coupon to: 











combinant DNA experiments 
























TATCAGCCT ACAACERETG ICAAATGIAG GECOGATA IntelliGenetics, 124 University Avenue, 
wee : CTG TC 3 z r M ; * ' i 
| oenen MAP Determination of restriction maps Palo Alto, California, 94301. 


from enzymatic digests 


GENED Simplified entry of nucleic acid 
and amino acid sequence data 


These palindromic sequences could form 
stem and loop structures in RNA or be 
_<tmportant recognition sites in DNA, The 

stem is composed of eight remarkably * . 
served base pairs separated by an IntelliGenetics 
rvening region that varies widely in SEQ/PEP Nucleic acid and amino acid «Accepted For publication inthe European Molecular Biotopy 
neth and sequence. sequence analyses and comparisons Organization Journal, Vol 6, Number 3 (1984): 


GEL Management of large scale DNA 
sequencing projects 





QUEST’s sophisticated query formatting 
capabilities required only 38 sequence 
_keys to represent over 2.3 x10" possible 
mbiguous sequences. These simplified 
keys were essential to the rapid search 
of the entire NIH GenBANK™ and 
EMBL DNA sequence databases. For 
ample, the pattern for the palindromic 
repeat “TATC[AC]GGC N]O, 251 
GCC[GT]GATA’ represents over 6 x10" 


——— Please send me a free Sequence Database Search/Comparison Application Guide. 


-— Please send more information about IntelliGenetics’ programs and services. I am 
particularly interested in Timesharing _.. the BION computer workstation ___, Soft- 
ware License , and 

















wssible different sequences. Additional NAME 
levels of complexity and ambiguity may TITLE 
‘easily represented in the QUEST 
searching patterns. COMPANY/UNIVERSITY 





| UEST i is based on a rapid pattern search- ADDRESS 
ing algorithm. Any pattern of either nu- 

Hei¢ acid or amino acid sequence can be CITY ____ STATE Zip 
mply expressed regardless of the natur- 

ly occurring degree of ambiguity. PHONE DE? 
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Mind, body and intelligence 


This year’s BBC Reith lectures are arresting and provocative but also representative of the kind of argumen 


that gives philosophers a poor reputation in research laboratories. 


Can machines think? And if so, in what 
sense? Those are two of the simple ques- 
tions with which Professor John Searle of 
the University of California has been start- 
ling the British Broadcasting Corporation 
(BBC)’s audiences in the past few weeks. 
Professor Searle is this year’s Reith lec- 
turer, which means that he is one of a long 
line of distinguished scholars licensed to 

talk at British audiences for half an hour on 
‘each of six consecutive weeks. To judge 
from the first four of these occasions, Pro- 
fessor Searle is an iconoclast in the literal 
sense, one concerned with the destruction 
of idols. And there is no reason to think the 
worse of him on that account. But on this 
occasion he may have chosen too many 
idols, in too breathless a rush of broad- 
casting time, to satisfy the intellectual 
curiosity of his listeners. 

Searle’s general title is arresting — 
Minds, brains and science. His announced 
objective is to explore the relationship 
between the concepts of mind and body as 
illuminated by what has been learned of 
neurophysiology in recent years with the 
particular intention of trying to make sense 
of concepts such as free will, or ‘‘inten- 
tionality” as he puts it. And certainly it is 
an important question to answer, how to 
reconcile the behaviourists’ view of people 
as predetermined exemplars of the laws of 
mechanics with the illusion we all share that 
in some sense we are in charge of our own 
destiny, or of events around us. Or, more 
accurately, where is the line to be drawn 
between the domains of conditioned and 
voluntary behaviour? And how fuzzy is 
that line? 

We shall have to wait to see how Searle 
comes out on these questions. One striking 
measure of his success so far, however, is 
that he has made some of the subsidiary 
questions with which he has dealt into 
cocktail-party conversation. Is it, for 
example, true, as Searle asserted in the first 
of his lectures, that there is no serious prob- 
lem about the distinction between mind 
and body? Body means a collection of 
neurones and mind means the qualities of 
consciousness, intentionality and so on 
that we attribute to ourselves. Searle’s 
answer is that neurones are to be likened to 
the atoms that constitute physical objects, 
and that mind is the consequence of putting 
them together as they are in people, in every 

"way the analogue of the external shape of 
ae ‘the object concerned. 

All this is unexceptional, even if it does 
ay much about the nature of the attri- 













butes of the macroscopic representation, 
the nature of consciousness, for example. 
No doubt even philosophers will think 
Searle’s answer a little over-simple, but it is 
no less arresting on that account. The 
circumstance that it leaves the question of 
how consciousness springs from the human 
nervous system to be answered by the 
neurophysiologists is neither surprising nor 
unwelcome, for the question is interesting 
and important. 

The more serious difficulty with Searle’s 
iconoclasm so far is that he seems to have 
chosen for attack some idols that are con- 
spicuous by being insubstantial, which is 
where the question arises of whether 
machines can think. In a nutshell, Searle 
has been tempted into the sport of making 
fun of the community of computer-people 
who believe their creations are capable of 
artificial intelligence, or AI as they call it. 
As everybody knows, it is an easy sport, 
like shooting sitting ducks. It is also a 
misguided sport, certain with a British au- 
dience to evoke smug declarations that it 
has been clear all along that artificial in- 
telligence is unreal. 

Searle has made his point by means of a 
memorable example, one much talked 
about as irrefutable. Put a man in an empty 
room but provide him with a set of rules for 
combining Chinese ideograms together in 
ways that make sense (to Chinese 
speakers). Then imagine that a number of 
Chinese speakers outside the room are able 
to enter bundles of ideograms which the 
man must combine together according to 
the rules provided. To those outside the 
room, the man may well (when he is well 
practised at his task) be performing like an 
intelligent machine. But to the man, the 
process will be devoid of meaning. In this 
setting, Searle says, the system of 
man/room is exactly equivalent to a digital 
computer. If the people outside have omit- 
ted some essential rules, the system will be 
an unintelligent computer system. 

The analogy is good because it is 
arresting and because it is also susceptible 
to further analysis. The difference between 
the man in the Chinese room and an intel- 
ligent human being, Searle says, is that the 
former has been provided merely with the 
formal syntax of the language with which 
he is working — the rules for telling how 
symbols should be combined — but that 
human beings have learned to attach mean- 
ing to the symbols. Semantics are an essen- 
tial part of the intelligent manipulation of 
language. 





































































Careful listeners to what Searle has been 
saying will recognize some important 
qualifications of what appears to: be his 
case, that machines cannot think in the tr 
sense of the word. First, he says, hisconclu 
sion applies to digital computers, not-al 
machines; an artefact that exactly sim 
lates a human being would be able toth 
well. enough. Second, he acknowledges 
that the Chinese room is devoid of senses 
for inferring meaning from the outsid 
world, so that it is bound to be semantically 
bereft. Unfortunately, having launched hi 
commentary on the problem of the Chinese 
room by teasing the prophets of artificia 
intelligence for their frequent over: 
optimistic statements of the potential o 
their machines, he will have left his listener: 
with the impression that no machine can 
think. 

Many of Searle’s listeners will have been 
reminded of other such essays, perh 
that eleven years ago in which Sir Jam 
Lighthill, on a commission from 
Science Research Council, concluded tha 
the claims then being made (chiefly at’ 
University of Edinburgh) on behalf o 
artificial intelligence were either schem 
for making machine computation capal 
of more complicated tasks or schemes for. 
the further automation of mechanical pro- 
cess. There were no proposals, said 
Lighthill, for bridging the gap —— wher 
upon the research council turned its 
stoniest face towards grant-proposals in 
this field, setting back an interesting area 
research for the best part of a decade. 

Searle’s distinction between syntax and 
semantics is helpful as far as it goes, but 
that, unfortunately, is not very far. It 
creates but does not bridge a gap. The snide 
riposte to the implied jibe that the Chinese 
room is necessarily stupid is to ask what 
would happen if the man inside were sma 
enough to figure out what all those 
ideograms really meant. The truth is that 
there is a gap, but one that is already nar- 
rower than when the Lighthill report 
appeared eleven years ago. And the pur- 
pose in seeking to fill the gap is not. to 
replace people by machines (because, cos! 
apart, people are more adaptive to 
changing circumstances than machines 
but to understand better how peopl 
function (and, perhaps, to improve the 
automation of processes as a by-product) 
To fail to acknowledge this is what giv 
philosophers a bad name with people atthe . 
bench. Let us hope that Searle does bette 
when he comes to free will. John Maddox 





















































from M.A. Epstein 


STEADILY accumulating evidence that 
‘Epstein-Barr (EB) virus plays a crucial role 
¿in the chain of events which causes 
- Burkitt’s lymphoma in endemic zones 
culminated in the compelling findings of 
‘the World Heath Organization’s prospec- 
tive study in Uganda!'. The virus seems to 
play its part by infecting and thereby ‘im- 
-mortalizing’ a pool of B lymphocytes. 
“Their continuous cell divisions facilitate 
¿any one of three characteristic chromo- 
“somal translocations that can activate the 
c-myc oncogene’. However, since EB virus 
ubiquitous whereas Burkitt’s lymphoma 
has a high incidence only in remarkably 
estricted areas, it has long been recognized 
at-a co-factor must determine the geo- 
raphical distribution of the endemic tum- 
ours. Already fifteen years ago Denis 
“Burkitt suggested that hyperendemic 
‘malaria was the co-factor and collected 
much supporting epidemiological evi- 
dence? But possible mechanisms for its 
¿mode of action have remained obscure. On 
“page 449 of this issue Whittle et al. 4 provide 
he first clues. 
Like all other herpes viruses, EB virus 
gives rise to a life-long infection to which 
he healthy carrier develops specific 
mmunological responses. These are excel- 
lent at damping down the virus but never 
nough to eliminate it from the, as yet un- 
identified, immunologically-privileged site 
‘which it persists. Thus, a delicate balance 
olves. On the host side, the balance de- 
pends both on virus-neutralizing anti- 
‘bodies, which restrict the spread of the 
-agent from one target cell to another, and 
on.a full cellular immunological response, 
-which is capable of destroying infected cells 
_ because they display viral antigens. 
During primary EB virus infection, 
natural killer cells and other non-specific T 
cells may be of immediate importance. But 
thereafter, specific cytotoxic T lympho- 
-cytes (which are HLA-restricted) play a 
‘Central role in maintaining life-long surveil- 
dance of the viral carrier state. The very 
great importance of this surveillance is 
shown by the dire consequences when it 
fails: genetic defects lead to death from un- 
controlled polyclonal proliferation of EB 
-Virus-immortalized cells, and widespread 
us replication follows primary infection. 
herapeutic immunosuppression in organ 
raft recipients also carries a considerable 
kof malignant lymphoma‘. 
_ Although it has been known in general 
erms that malaria has profound effects on 
mune reactivity’, Whittle et a/.* now 
clearly demonstrate that the control of EB 
irus-specific T lymphocytes is dramati- 
ally impaired during acute malarial 
infection by Plasmodium falciparum. 
iterestingly, this impairment resembles 








| Clues to the role of malaria 


that of immunosuppressed renal allograft 
patients®. Moreover, while looking for 
changes in lymphocyte numbers that might 
explain the phenomenon, Whittle and col- 
leagues have recorded further intriguing 
observations. Not only are T cell numbers 
decreased and B cells numbers increased, 
as might be expected, but the percentage of 
T-helper (T4) cells is reduced in relation to 
T-suppressor (T8) cells, giving alow T4/T8 
ratio. It is not clear how malaria brings 
about these changes but the loss of T4 cells 
is not due to cytotoxic antibodies present in 
the acute phase serum. 

A reduced T4/TS8 ratio is one of the key 
hallmarks of acquired immune deficiency 
syndrome (AIDS), in which T4 lympho- 
cytes are infected and destroyed by the 
retrovirus known as LAV? or HTLV IIL”, 
Whittle eż al. make the interesting specula- 
tion that a latent retrovirus of this group, 
after activation by malaria, might similarly 
account for the depressed T4/TS8 ratios in 
their malaria patients. 

However the damage to specific T-lym- 
phocyte control in malaria arises, it is not 
difficult to envisage that in the hyper- 
endemic disease, with its repeated attacks 
throughout each and every year, such 
damage will favour the unrestrained 
growth of EB virus-carrying B cells in a 
substantial number of individuals. A firm 





graphical coincidence of endemic Burkitt 
lymphoma with hyperendemic malaria has : 
thus been provided by experiments of 
Whittle et al., even though the exact cause 
has not yet been identified. 

Other loose ends remain to be tied up. 
Even where EB virus and hyperendemic 
malaria coexist in populations, the results 
of the prospective study in Uganda suggest 
that certain individuals are at special risk. 
Evidence for a genetic predisposition has 
not been forthcoming and should perhaps 
be more rigorously sought for, It has also 
been suggested that infection by the virus 
very early in life might be a predisposing 
factor''; this too requires clarification. 
Alternatively, some special sequential 
relationship between the primary viral 
infection and the malarial infection could 
be important either in determining damage 
to the EB virus-specific T cells, or in pro- 
viding unusual target B cells, which more 
readily escape from the damaged control 
mechanisms. g 
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Five bodies to infinity 


from lan Stewart 


TYCHO Brahe’s observations of planetary 
motion led Johannes Kepler to the idea that 
planets orbit the Sun in ellipses. Isaac 
Newton showed that this would follow 
from an inverse square law of attraction. A 
fully rigorous and complete treatment of 
the problem of the motion of two bodies 
under Newtonian gravitation was given by 
Leonhard Euler in 1744. The extension to 
more than two bodies has proved consider- 
ably less tractable. While excellent approx- 
imate methods exist (and are widely used in 
astronomy and space exploration), general 
theoretical insights seem hard to come by. 
The problem is deep and difficult, the 
phenomena are complex. Just how com- 
plex is shown by J. Gerver in the Journal of 
Differential Equations 52, 76 (1984). 
Gerver gives a heuristic but convincing 
argument for the existence of configura- 
tions of five point masses which, under 
their mutual Newtonian gravitational 
attraction, fling themselves out to infinity 
ina finite time. This relates to an important 
theoretical issue: the possible occurence of 





singularities, that is events beyond which 
the motion cannot be continued within the 
mathematical model. In 1897, Paul Pain- 
levé proved that for three bodies, every sin- 
gularity must be a collision. Collision sin- 
gularities are fairly well behaved: in fact if 
only two bodies collide at a given instant, 
then the motion can be ‘desingularized’ by 
assuming elastic collisions. But Painlevé 
also suggested that with more than three 
bodies there might exist much nastier types 
of singularity such as bodies escaping to 
infinity in a finite time, or oscillating ever 
more violently. 

In 1970, H.J.Sperling proved that in 
order to have a singularity without col- 
lisions, at least one body must escape to 
infinity; and seven years later D. G. Saari 
showed that one of the escapees would 
have to oscillate wildly. He also showed 
that, in the case of four bodies, they would 
have to approach a straight line arrange- 
ment as time increased. In 1974, J. Mather 
and R. McGehee, studying an idealization, 
showed that escape to infinity in finite time 












‘cur for four point 
ined to lie-on a line and colliding 
elastically. The process involves an infinite 
q@iumber of energy transfers, happening 
sever more rapidly: conservation of energy 
does not rule out such escapes. 
. Gerver argues that in the (planar or 
three-dimensional) five-body problem, 
non-collision singularities should exist. 
The proposed mechanism is ingenious. 
Imagine three massive ‘stars’ S,T and U 
represented by point masses. Make S 
slightly heavier than T and U. Arrange all 
three stars in a triangular constellation with 
an obtuse angle at S, and start them out in 
such a way that the triangle expands at a 
uniform rate while maintaining its shape. 
Add a tiny ‘meteorite’ M, which orbits 
round the outside of all three, approaching 
them very closely (see figure). 

As M passes each star it undergoes the 
‘same ‘slingshot’ effect that was used for the 
‘Voyager spacecraft journeys through the 
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Solar System. As a result, M gains a small 
amount of kinetic energy from star S, 
which it can then share with T and U to 
increase their speeds (and its own). If only 
there were a way also to increase the energy 
ofS, it would be possible to make the 
triangle expand at an ever increasing rate, 
disappearing to infinity in a finite time. 

Of course, conservation of energy forbids 
this —- but there is a way out. Place a fifth 
‘planet’, P, in a roughly circular orbit 
round S. Now make M gain its energy at the 
expense of P and transfer some of it to S 
via a ‘zig-zag’ slingshot path. Otherwise 
proceed as before. Now, as time increases, 
the triangular constellation expands ever 
faster but does not change its shape, M 
moves ever more rapidly in its triangular 
orbit, and the orbit of P descends ever 
closer to S. As a result, all five bodies 
escape to infinity in a finite time. 

This scenario requires a very delicate 
balancing act. For example, planet P must 
be in a suitable position for the zig-zag 
slingshot. not just. at the first pass, but at 
every pass; its orbit must stay roughly cir- 
cular; and the triangle of stars must stay 
stable. Furthermore, the energy transfers 
must be handled in such a way that the 
increase in the speed of the meteorite as it 
traverses the constellation is greater than 
the rate at which the constellation grows, 
30 that the orbital period of the meteorite 
shrinks. Gerver argues plausibly (but 
heuristially) for the existence of a set of 
initial conditions that keeps all of these 
problems under control. He adds that a 
calculation ‘‘nearly one hundred pages 
long’’ give a rigorous proof that the ‘Great 

ape’ does occur in an analogous model 











particles con- 








problem, in which some particles are 
massless and the meteorite undergoes 
elastic collisions instead of slingshots. The 
full result might be proved in “hundreds of 
pages of calculations’’. A better approach 
might be to seek new methods to make the 
arguments more rigorous. 

In the real Universe, of course, addi- 
tional bodies would interfere with this deli- 


tate scenario, and relativistic effects wou 


change the results. But Gerver’s idea isa 


bold and imaginative thrust at the heart of 
a celebrated problem, and a challenge to 
the current mathematical techniques. Isaac 
Newton would have loved it. g 
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Radiocarbon dating 


New World colonized in Holocene 


from Richard Burleigh 


A PAPER by J.L. Bada et al. on page 442 of 
this issue describes the application of the 
new accelerator mass spectrometric (AMS) 
technique of radiocabon dating to human 
skeletal remains from California. The 
dating of the remains to the Holocene is 
important for two reasons: first, it adds to 
the increasing body of evidence placing the 
human colonization of the New World in 
this period; and second, with much wider 
relevance, it provides a striking demon- 
stration of the power of AMS. 

The time of first arrival of humans in the 
New World has long been a matter for con- 
troversy. During the earlier decades of this 
century any claims for the antiquity of 
apparently early human skeletal remains 
discovered in the Americas were hotly 
contested, notably by the physical 
anthropologist Ales Hrdlitka. At their 
most vehement, Hrdligka’s views would 
not allow the presence of humans there for 
more than a few millennia, although 
eventually he was prepared to concede a 
possible time of arrival of 10,000-15,000 yr 
ago. The most widely accepted view today 
is that human groups first entered North 
America some 12,000-13,000 yr ago after 
the ice had begun to retreat at the end of the 
last glaciation. They most probably came 
across a land bridge from Asia (Beringia) 
rather than by a coastal (sea) route. On this 
model, if human remains very much older 
than about 12,000 yr before the present 
(BP) were to be found in the Americas, it 
would suggest that entry had occurred 
during the previous interglacial, some 
70, 000-100, 000 yr BP; there is no fossil or 
lithié (artefact) evidence in support of this. 
In other words, the first people probably 
arrived in the Holocene (postglacial) rather 
than during the Pleistocene. Conventional 
radiocarbon dating over the past 25 years 
has contributed support for this time scale 
for the appearance of humans in North 
America and for their subsequent very 
rapid spread southwards. 

Racemization dates of up to 50,000 or 
even 70,000 yr BP, obtained by Bada and 
his colleagues at the Scripps Institution in 
the mid-1970s for amino acids extracted 
from human skeletal remains from 


California (notably those from Del Mar | 


and Sunnyvale), were therefore in 
immediate conflict with accepted views of 








the antiquity of the human population of 
North America deduced from radiocarbon. 
evidence. On the other hand, although 
these dates seemed incredible they could 
not. be lightly dismissed. The measure: 
ments were carefully made, apparently 





independently ‘calibrated’ by a. radio-— 


carbon date of 17,000 yr (UCLA-1233A) 
for a human skull from Laguna Beach, 
California (itself an unexpectedly early 
date), and, above all, were direct analyses 
of the skeletal remains themselves. 

The opportunity to test the validity of 
these results comes with the successful 
development over the past seven years. of 
the AMS technique of radiocarbon dating 
(Hedges, R.E.M. & Gowlett, LA: 
Nature 308, 403; 1984) which requires only 
a few milligrams of sample, in contrast to 
conventional radiocarbon techniques, 
where gram quantities are needed. In their 
current work, Bada eż al. have used the 
AMS technique to date aliquots ‘of: the 
original amino acid extracts used to obtain 
the racemization dates. Their new results: 
(which are well-supported by some con- 
ventional '*C measurements of related 
acid-insoluble extracts) clearly show that 
all the remains, including the Lagunaskull, 
are of Holocene age. This agrees with the 
date reported by Stafford et al. (Nature 
308, 446; 1984), of less than 4,000 yr BP 
obtained using AMS for a human burial 
from Yuha, California, that had previously. 
been assigned a racemization age of some 
24,000 yr. Using these new results, the 





cranium of Los Angeles Man, previously. 


dated by the conventional radiocarbon 
technique to greater than 23,600 yr BP 
(UCLA-1430; Berger, R. World Archeal. 
7, 174; 1975), is most probably also of 
Holocene age. These new results remove.a 
puzzling anomaly that was in conflict not 
only with a model built very carefully over a 


long period from many independent 


(archaeological, geological, environmental 
and climatic) lines of evidence, but also 
with the observation that these humari 


skeletal remains are essentially modern in: 


appearance and show few if any of the 


traits that might be expected in the | 
representatives of earlier populations. CF: 





Richard Burleigh is in the Research Laboratory, 
The British Museum, London, WCIB 3DG. 









logy 


‘racine 





























<- from Peter Gambles 


THE Caledonide Orogen is the name given 
to the mountain belt, now torn apart by the 
“modern Atlantic ocean, that was formed 
by the collision of the continental plates of 
North America, Africa and Baltica be- 
tween about 550 and 350 million years ago. 
Stretching from Spitzbergen and Green- 
land in the north, to the Mauritanides and 
the Gulf of Mexico, it is one of the longest 
such belts in the world. The broad outline 
of the plate tectonic movements that 
-formed the mountains has been known for 
¿some time, but their reconstruction still 
resembles a child’s drawing with straight- 
edged continents closing over a smooth 
ocean floor, A glance at any globe will show 
that this is not the real world. Oceans are 
~ dotted with mid-ocean ridges, volcanic arcs 
and islands of both oceanic and continental 
crust; moreover, continental margins are 
far from straight. The exciting challenge 
¿now was made clear at the symposium 
on ‘Evolution of the Caledonide-App- | 
»alachian Orogen’, University of Glasgow, 





“THE evolution of the mountainous 
Caledonides of Scandinavia and Britain, 
the Appalachians of North America and 
¿Canada and the Mauritainides of North 
¿Africa has been the subject of a 10-year 
| programme of geological research entitled 
“The Caledonide Orogen’. Organized 
jointly by Unesco and the International 
‘Union of Geological Sciences, it has been 
led by a group of Norwegian geoscientists. 
Together over 200 specialists from 
countries bordering the present north 
Atlantic have carried out nationally 
{financed research projects and exchanged 
results at a series of symposia held in 
conjunction with field studies. 

The final symposium of the project was 
one with a difference in that the entire 
-orogen was studied in terms of four time 
slices rather than in the more conven- 
tional divisions into subject specializa- 
tions. Some of the coordinators of these 
sessions had clearly done their homework, 
while others, for one reason or another, 
‘| were forced to rely on lecturers who had 
only a vague knowledge of what the 
Caledonide Orogen was and even less 
knowledge of its present day geography. 
The scene was set by the geophysicists, 
hose models of the earth, based partly on 
ata beyond the reach of the field 
| geologist, must be tested against the field 
„evidence. The two approaches sometimes 
conflict. For example, fossils and sedi- 
‘ments may indicate a warm climate, while 
‘the geomagnetic palaeopole position 
suggests the contrary. In my view the 
evidence for an equatorially placed 
“American plate during the Ordovician 
























































Death of an ancient ocean 





3-8 September 1984. It is to integrate the 
wealth of data from traditionally distinct 
disciplines within earth sciences into a more 
realistic model of this major episode in the 
Earth’s history. 

The fashionable concept of suspect or 
allochthonous terranes is part of the new 
approach to plate tectonics. In essence, 
such a terrane is a sizeable chunk of conti- 
nental crust, the geology of which is incom- 
patible with that of adjacent areas. The 
Western Cordillera in the United States 
and Canada is now thought to comprise a 
multitude of such microcontinents. Many 
of these have moved hundreds of kilo- 
metres, largely parallel to the continental 
margin. By contrast, some of the terranes 
in the Appalachians have been transported 
from one continent to another across the 
oceans. 

To establish the links between the Appa- 
lachian terranes and those now on the 
opposite side of the Atlantic, geologists 
must rely on the traditional methods of 


period and for a high latitude position for 
Baltoscandia ( ~ 60°S) during at least the 
first half of the period, is overwhelming. 
The majority of geologists are prepared to 
accept this. What is not certain, however, is 
the relative positions of both plates and 
that of the African. Did they meet along a 
so-called triple junction, and were Africa 
and Baltoscandia separated by the so- 
called Tornquist Sea? 

Meanwhile the palaeontologists con- 
tinue to provide dates (with an accuracy of 
one million years in some instances) and 
information which both startles and irri- 
tates. Yet they cannot be disregarded, even 
when they happen not to fit some of the 
many, and often conflicting, dates pro- 
duced at vast expense by radiometric 
methods. I was amazed at how uncritically 
some of the radiometric dates were used to 
fit the geological models. A fossil cannot be 
reset nor can it be destroyed (unless lost). It 
can be wrongly interpreted but it is a firm 
piece of tangible evidence. The Caledonide 
Orogen project has done more than any 
other to encourage palaeontologists to pro- 
vide answers to questions posed by field 
geologists rather than other palaeonto- 
logists. Their diligent collecting has pro- 
vided a wealth of material from the most 
unlikely rocks; shelly fossils have even been 
found in volcanic ashes derived from 
oceanic islands along the length of the belt. 

Perhaps the most successful part of the 
whole project, and certainly the most 
exciting session of the symposium, con- 
cerned geological maps. From the 
inception of the project, specialist study 
groups were set up with the specific goal of 


and Avalon zones. Of these, the Avalon is 
probably the most significant in terms of 
the evolution of the mountain belt, and has 
proved useful, for example, in examining 
the very earliest development of the 
Caledonide Orogen. During the latest 
Precambrian (700-580 Myr), the eastern 
margin of North America underwent a 
large degree of crustal extension (D.W. 
Rankin, USGS, Reston). This is indicated 
in the geological record by the presence of 
basaltic dykes, forming up to $0 per cent of 
the exposed rocks, and by the extrusion of. 
continental tholeiitic and alkali basalts. 
However, contemporaneous volcanism in 
Avalon was calc-alkaline, and so not 
related to rifting, suggesting that Avalon 
was not part of North America. More- 
over, the distribution of fauna, especially 
trilobites (L.R.M. Cocks, British Museum 
and W.S. McKerrow, University of 
Oxford), favours closer links of Avalon 
with Gondwana (a supercontinent corn- 
prising today’s southern continents includ- 
ing Africa) than with America during the 
early Cambrian (570 Myr). To the north of 
the continental fragment lay a number of: 





tidges and basins such as the Irish Sea. 






producing a series of 1:1 million scale 
geological maps of the Caledonide- 
Appalachian Orogen. In addition to the 
more usual maps of geological structures, 
the distribution of volcanic and plutonic | 
rocks, and the relationships between 
sedimentary rock types and faunas, there 
were a number of more adventurous | 
projects. These covered the timing of] 
deformation and age of metamorphism in 
various parts of the orogen, and the 
relationship between basement rocks 
and their cover, topics almost designed 
to be controversial. From the start, a 
standard time scale was agreed on, as were 
symbols and colours. The end result is that |. 
British and Irish geologists cooperated to 
provide three handsome new maps, on sale 
at the symposium, and Norwegian and 
Swedish geologists jointly produced a map 
with boundaries that actually coincide 
where they cross the state border. 
Regretably, a number of the thematic maps 
are still provisional and there is doubt as to 
whether funds to publish them will be 
forthcoming. 

When the final speech of the sym- 
posium declared the end of the project, 
those of us who thought it an enjoyable 
and worthwhile experience have the 
prospect of another to look forward to. 
‘Suspect terranes’, as it may be called, 
will be considered by the board of the 
International Union of Geological 
Societies in 1985. tl 
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David L. Bruton, Palaeontological 
Museum, University of Oslo, Sars Gate 1, 
Oslo 5, Norway. 














` Welsh Basins, separated from America by 
a major ocean — the lapetus. The history 
“of the Caledonide Orogen in this region 
“thus appears to be concerned with the 
closure of the lapetus Ocean, but not, as 
“previously thought, with its opening. 
Between Avalon and Africa (Gondwa- 
. na) was a narrow basin termed the Cado- 
mian Ocean. Palaeomagnetic data suggests 
that during the late Cambrian—early 
Ordovician (520-480 Myr), Gondwana 
; rotated about a pole in eastern Africa, 
thereby closing up this seaway (C.R. 
Scotese, University of Texas, Austin). This 
is in agreement with the sedimentological 
evidence for infilling of the basin by 
shallow water sandstones (F.L. Schwab, 
Washington and Lee University). 

From the middle Ordovician (470 Myr) 
onwards, a number of fragments of island 
arcs, formed by subduction of the lapetus 

-Océan under North America, were split off 
‘from. the continent by inter-arc basins, 
which in turn were rapidly filled with 
sediments derived from volcanoes (C.J. 
‘Stillman, Trinity College, Dublin). All this 
material was variously subducted or ob- 
ducted as it moved northwards towards the 
craton. Pieces of oceanic crust, such as the 
Bay of Islands ophiolite, were trapped 
during this pulse of tectonic movement 
but interestingly very little geochemically- 
normal open oceanic crust from Iapetus 
has been found. The rocks of the continen- 
tal margin. and Humber zone were 
deformed and metamorphosed during the 
middle Ordovician, but the absence of such 

¿effects from the Dunnage and Gander 
zones suggests that they were by then 
accreted to Avalon as it moved north- 
wards, impacting with North America by 


the late Devonian (370 Myr) and opening 


the Theic Ocean behind it, 

This style of plate tectonics — the 
shuffling of continental blocks or suspect 
terranes — can be traced from the south- 
ernmost parts of the Appalachians to 
northern Scotland. Across the North Sea, 
the picture is dramatically different. The 
Caledonides in Scandinavia are a classic 
example of large-scale thrust tectonics. 
The mountain chain is built up of four 
allochthonous units that are believed to 
have travelled considerable distances — a 
theory familiar to Alpine geologists but less 
readily accepted by the British 

Cocks presented palaeontological evi- 
dence indicating that at least the upper two 
nappes in Scandinavia were originally part 
of the North American plate. Ophiolites 
are restricted to these two sheets which, in 
the manner typical of nappe stacks, orig- 
inated furthest from their present position. 
All the nappes contain volcanic rocks, geo- 
chemical study of which (H. Furnes, Uni- 
versity of Bergen) shows that the lowest 
three were involved in rifting and only the 

“uppermost contains calc-alkaline sequen- 
ces characteristic of an island arc. The 
Baltic coast of the lapetus Ocean thus 
Appears to: have been a passive plate tec- 





r-Manx and | 











tonic margin, with the oceanie crust being 
subducted under North America or Green- 
land. The Scandinavian Caledonides are 
considerably deformed and metamor- 
phosed, the emplacement of the nappes 
being one of the last tectonic events. R.D. 
Dallemeyer (University of Georgia) has 
used? Ar-VAr dating of individual min- 
erals (in itself a technical achievement) 
to demonstrate very neatly that in Scan- 
dinavia there were two distinct orogenic 
phases, termed the Finnmarkian (500-460 
Myr) and the Scandian (420 - 400 Myr). 
During the early Silurian, sheets of 
lapetus sediments and crust were thus 
being thrust eastwards onto the Baltic 
craton. What of the opposite side of the 
ocean? In east Greenland, K-Ar ages (also 
an indicator of deformation and low grade 
metamorphism) of 445-410 Myr are re- 
corded in the main fold belt (R.J. Tracey, 


America 


Africa 


Distribution of the Caledonide-Appalachian- 
Mauritainide mountain chain (in black) before 
the opening of the present Atlantic. 


Yale University) and it is now thought that 
much of the material in Greenland which 
underwent Caledonian metamorphism 
may in fact be allochthonous on Precam- 
brian (Grenville) basement. 

As McKerrow pointed out, the problem 
that then arises is how, during the Scandian 
orogeny, could nappes have been thrust 
eastwards on to the eastern margin of the 
Iapetus Ocean (Norway) at the same time 
as others were being forced westwards on 
to the western margin (Greenland)? His 
elegant solution is to split the subduction 
zone down which the crust of the Iapetus 
was disappearing into two, by means of an 
east-west oriented transform fault, across 
which the direction of subduction changes. 
A large amount of strike-slip motion is 
further involved, with the various parts of 
Spitzbergen being strung out on either side 
of the subduction zone dipping westwards 
under south Greenland. W.B. Harland 
(Cambridge University) argued that east 
Spitzbergen was positioned off east Green- 
land in the early Palaeozoic, while the 
geology of west Spitzbergen resembles that 
of north Greenland more closely. The 
fascinating possibility arises that Norway 
and Greenland swapped thrust sheets and 
that Spitzbergen was squeezed out north- 
wards as the lapetus closed. 

So what separated the northern part of 

























































the Caledonide Orogen from the southern 
part? The answer lies in the Tornquist 
— one of the major ancient lineaments t 
have cut the crust of the continents. since: 
the Precambrian and which stretches from 
the Black Sea through Poland and Den- 
mark to the North Sea. E 
Most Western geologists believe that 
there was a Tornquist Sea (or Rheic Ocean) 
which separated Baltica from Gondwan 
land (including south Europe) until..the 
latest Ordovician (440 Myr). Their belief is: 
primarily based on the presence’ of two’ 
distinct faunal provinces which br 
down only in the early Silurian. Unrefi 
palaecomagnetic data seem to suggest:tha’ 
the Tornquist Sea existed well into th 
Devonian (380 Myr). Polish geologists 
however, find no evidence of deformati 
due to the closure of this putative seawa 
(B. Lewinski, Polish Geological Surve 
though they have identified a major faulta 
depth from seismic studies, and recognize 
various phases of movement along: th 
Tornquist line. Lewinski suggests that the 
faunal provinces can be accounted for by: 
other barriers, such as climatic belts. 
As can be seen from the Mediterranean, 
the closing stages of the collision of majo 
plates are very complex. Some areas con- 
solidate whilst small basins develop in 
others, perhaps with minor amounts of 
oceanic crust flooring them. J. Rodger 
(Yale University) suggested that the ocea: 
between Avalon and Africa still containes 
islands of ‘Avalonia’ after the main frag 
ment was consolidated to North America. 
This is likely also to have been the casei 
the Theic Ocean and perhaps pieces of th 
European continental mosaic can be tak 
and placed in the Tornquist gap, thus 
eliminating the need for a true ocean. (The 
Tornquist line runs straight into the North 
Sea, which contains no normal oceanic 
crust. If the North Sea were to close, what 
evidence would remain of its existence in 
400 million years time?) i 
The Caledonide Orogen was thus not 
simply the closure of the lapetus Ocean. 
Rather, a picture emerges of a southern 
realm dotted with large fragments of con- 
tinental blocks forming its margins,which’ 
were jostled about as Gondwana pushed 
relentlessly towards America. At the same ` 
time the northern arm of the Iapetus closed: 
progressively from the north, thrusting. 
great thicknesses of rocks onto the cratons. 
on either side. The final locking of thethree 
continents of Gondwana, North Ameri 
and Baltica in the late Devonian (370M 
produced the supercontinent of Pangaea 
But within a few tens of millions of years, 
far less than the lifespan of the orogen, 
Pangaea started to break up with renewed’ 
rifting in the Oslo and Rhine regions, 
leading to the opening of the Atlantic 
Ocean. In some ways, therefore, modern 
geology is but a continuation of the- 
Caledonide Orogen, as the dance of the | 
continents goes on. E 





Peter Gambles is an assistant editor of: ‘Nature. 





























































om Michael Ashburner 


ALREADY hurt by the news that, with 
respect to the development of its nervous 
system, Drosophila is but a small grass- 
_ hopper', drosophologists assembled in 
Crete last summer* learnt that the central 
nervous system of their favorite fly may not 
beso different from their own. 

M. Heisenberg (University of Würzburg), 
reviewed the evidence from his laboratory? 
that the mushroom body, a region of the 
brain of insects thought to be important for 
: “conditioned behaviour, is developmentally 
plastic. The number of mushroom body 
fibres normally increases in the first week 
of adult life. Extraordinarily, this increase 
does not occur if the flies are kept in a 
deprived environment, for example alone 
ther than with their fellows. Heisen- 
berg’s group have isolated mutations that 
effect the mushroom body. In one, the 
Kenyon cells — neurones intrinsic to the 
mushroom bodies —- degenerate in female 
larvae. Although flies with mushroom 
body defects can smell, they have impaired 
olfactory conditioning. What is the signifi- 
nce of this? A clue may come from flies 
that are homozygous for mutations of the 
ra-2 gene. These flies develop as 
henotypic males even if they have two X 
chromosomes. 

A temperature sensitive allele of tra-2, 
tra-2", allows female development at 16°C 
t male development at 29°C. Strangely, 
however, if 16°C females are kept for six 
days at 29°C as adult flies, they begin to 
show male sexual behaviour?. It seems to 
béa reasonable hypothesis that the behav- 
ioural plasticity revealed by the experiment 
with zra-2 and the morphological 
plasticity seen in the mushroom bodies are 
“related, suggesting a role of olfactory cond- 
_itioning in the sexual behaviour of the flies. 
Drosophila is a sugar-lover, with sep- 
ate receptors for pyranose, furanose and 
halose on its feet and labellum (O. 
Siddiqui, Tata Institute, Bombay). Muta- 
ions that affect chemoreception may 
her influence the receptors themselves, 
such as gust A which eliminates the pyra- 
nose response, or act centrally. Gust Ris an 
teresting member of the latter class, since 
eates a fly that is quite indifferent to all 
gars yet is abnormally attracted by salt. 
Siddiqi finds that the response of the sugar 
and. salt receptors is normal and explains 
phenotype as a result of central proces- 
ing of inputs from the salt receptors as if 
hey had originated from sugar receptors. 

_ Many years ago R. Konopka, then at 
California Institute of Technology, ran a 
heroic hunt for X-linked mutations that 





“The fourth EMBO workshop on ‘Molecular Biology and 
velopment of. Drosophila’, Orthodox Academy of 
ymbari, Crete, 24-29 June 1984, The sessions on homeotic 
genes Were reported in Nature, 20 September, p.214. 














. mell taste and rhythm 


affect the circadian rhythm of eclosion of 
flies from the pupal case. Wild type flies 
eclose with a rhythm of 24hours. Konopka 
found three mutations — one abolished all 
evidence of rhythm, one lengthened the 
period of the rhythm to 29 hours and one 
shortened it to 19 hours. All three were 
alleles of a single locus — called per, for 
period’. Both M. Young (Rockefeller 
University) and M. Robash with J. Hall 
(Brandeis University) have now cloned per. 
Dramatically, the Brandeis group find that 
a 0.9 kilobase transcript from the per locus 
is at least 10-fold more abundant at noon 
than at midnight, even in flies that are kept 
under constant dark conditions. Moreover 
the arhythmic phenotype of the per® 
mutation has been corrected with cloned 
per by germ-line transformation. Of 
course, we are still some way from under- 
standing how the per géne product controls 
the circadian behaviour of flies — let alone 
its tole in other rhythms*. 

R. Wyman and J. Thomas (University of 
Yale) described the isolation of Drosophila 
mutants that cannot escape the fly 
swatter’s swat. Two of their mutations 
disrupt the synapses between the giant 
fibre, which descends from the brain, and 
the jump motor neurone: bendless affects 
the presynaptic cell — the giant fibre’s 
‘bending’ branch, which should make the 
synapse, is simply missing; passover affects 
the postsynaptic cell — the central branch 
of the jump motor neurone passes right 
over the giant fibre without making a 
proper synapse®. Wyman speculates that 
the wild-type alleles of these genes encode 
molecules required for cellular recognition 
during neurogenesis. The wonder, of 
course, is that the mutant phenotype is 
so specific. 

Growth and development of Droso- 
Phila, in common with all other insects, is 
coordinated by a steroid hormone, 
ecdysterone. Four genes that respond to 
ecdysterone have now been cloned. Two 
correspond to the well-known puffs of the 
larval salivary gland 74EF and 75B (D. 
Hogness, Stanford University); the other 
two code for proteins synthesized as an 
early response to ecdysterone by Kc tissue- 
culture cells (P. Cherbas, Harvard 
University). The former pair, called E74 
and E75, are both gigantic. E74 has a 62 kb 
primary transcript, processed by the 
temoval of at least six introns to a putative 
mRNA of 5.9 kb with a mere 0.9 kb open 
reading frame, and E75 has a primary 
transcript of at least 50 kb which is 
processed to 5 and 6kb products. 
Following induction by ecdysterone, these 
RNAs accumulate and then, within 2-4 
hours, decline in a way that closely parallels 
the behaviour of the salivary gland puffs, 





edhi ic. One of ihe genes describe : by 


Cherbas can produce two proteins by: 
means of alternative splicing of the gene: 
transcript and has at least four other . 
transcripts which show a high degree of 
tissue specificity. It is conceivable that 
there is a family of related ecdysteroid- 
induced proteins, differences in which may. 
play a role in the specificity of response 
seen at the cellular level. Intriguingly 
Cherbas has evidence for symmetrical 
transcription from both strands of 
ecdysterone-inducible genes. 

No Kolymbari meeting can be con- 

sidered complete without discussion of . 
heat shock and transposable elements. One ` 
chromosomal puff (93D) produced by 
heat-shocking D. melanogaster has long 
been an enigma, for all the evidence has 
suggested that it does not code for proteins. 
Moreover it alone is induced by 
benzamide’ and is also full of large 
ribonucleoprotein granules. At last 93D 
has been cloned by both B. Hovermann 
and E. Bautz (University of Heidelberg) 
and by M.L. Pardue (MIT). The region 
transcribed after heat shock is made up of 
tandemly repeated 280 bp units cut by the 
enzyme Taql and ‘little else. The homo- 
logous puff of D. hydei (48C) has a 115 bp 
repeat that shows no homology with that of 
93D, despite the fact that the regions which 
flank the repeats are homologous in these 
species. On heat shock, the 93D puff 
accumulates a ribonucleoprotein-associ- 
ated antigen known as P11. Bautz suggests 
that perhaps 93D is a refuge for mRNAs, 
protected by P11, during the time that their 
transcription is blocked by heat shock. 
_ Applications of P element-mediated 
germ-line transformation of Drosophila? 
include the rescue of a mutant phenotype 
with a cloned DNA fragment, thereby 
confirming the isolation of the mutation’s 
wild-type allele. A dramatic extension of 
this method was discussed by V. Pirrota 
(EMBL, Heidelberg), who has rescued a 
mutation by transformation with a 40 kb 
fragment on a cosmid vector with P ele- 
ment ends. One of the surprises of the work 
with transformed Drosophila strains has 
been that most genes function more or less 
normally in development regardless of the 
position of their chromosomal integration. 
Some influence of position on expression 
can however be seen. For example, G. 
Richards (CNRS, Strasbourg) has an 
integrant of the salivary gland glue gene 
Ses-3 that is almost inactive despite (or 
because?) of its location within 0.8 kb of 
the resident Sgs-3 gene. 

Richards and others are using trans- 
formation to identify cis-acting sequences 
that are required for proper gene expres- 
sion. Thus, the alcohol dehydrogenase 
gene is expressed in larval salivary glands 
after transformation with a construct of 
the gene and the up-stream noncoding 
sequence of a salivary gland glue gene (S. 
Beckendorf, University of California, 
Berkeley). However, there is also gene. 


in the gut, so this is not simply a. 


ase of the effects of a tissue-specific 
enhancer: 
~The analysis of cis-acting elements 
required for the tissue and temporal 
“specificity of gene expression is in its early 
days. Yet it would be safe to predict that it 
will be a topic that will dominate dis- 
cussions at. the next Kolymbari meeting, 
that will take place in 1986. Co 





Cell biology 


Actin-binding protein evolution 


from Thomas D. Pollard 


READERS of Nature must find the 
seemingly endless proliferation of. actin- 
binding proteins a bit overwhelming. They 

“might well ask when will it end and how 
does the Paper on page 424. by Maruta et 
al.', describing the possible evolutionary 
‘origin of Physarum capping proteins, fit 
into the story? 

Let us consider first where the field 

stands and where it might be headed. With 
some rare exceptions, actin is present in the 
cytoplasm at concentrations up to several 
hundred micromolar, higher than that of 
any other protein. Such concentrations of 
purified actin would polymerize very 
rapidly, leaving less than one per cent in 
‘monomeric form at physiological salt 
concentrations, In cells, only part of the 
actin-is polymerized and a repertoire of 
-gulatory proteins appear to govern the 
time, place and. extent of polymerization 
and to organize the filaments into higher- 
order structures (see Table). Specific regu- 
latory proteins probably exist for each step 
in the assembly process, including nuclea- 
tion, growth at the two ends of the polymer 
and fragmentation of polymers. 

Although more than 60 such actin-bind- 
ing proteins have been described from 
various tissues, each passing month makes 
it clearer that they will eventually all fit 
into a limited number of families. (The 
problem, as one wag has put it, is that 
sciéntists would rather use each others’ 
toothbrushes than their nomenclature, 
hence.there is usually more than one name 
for similar proteins.) More importantly, I 
now feel it is safe to predict that represen- 
tatives of at least most, and perhaps all, of 
these families are present in all non-muscle 
cells. Consequently, information about a 
new actin-binding protein isolated from 
Acanthamoeba, Dictyostelium or 
Physarum (the three favourite ‘primitive’ 
cells for such studies) is likely to be 
informative about homologous proteins in 
vertebrate cells. 

With this in mind, what have we learned 
from the new work of Maruta ef al. on 
Physarum capping proteins? The proteins 
“in question are part of a family of Ca?*- 
Sensitive proteins that can both fragment 
actin filaments and block their ‘barbed’ 
(fast-growing) end. (There are three other 
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families of these proteins that bind to the 
ends of actin filaments; see the Table.) 
Intriguingly, Maruta et al. have found that 
three actin filament-capping proteins — 
fragmin*, Cap 42(a) and Cap 42(b)? — 
share some features with actin itself: all 
four proteins bind ATP; there is partial 
cross-reactivity among antibodies to the 
four proteins; and pairs of the proteins 
have similar peptide maps. There are 





Distribution of actin-binding proteins 


Subunit Other lower 

Class Families MW Protozoa eukaryotes Vertebrates 
Bind actin Profilin 12-15K + + 
monomers Depactin/actophorin 16-20K + + 
Bind Capping protein 29K + 31K + + 
end of Fragmin/severin 40-45K 0 + 
actin Accumentin 65K 0 0 
filaments Gelsolin/villin 90-95K 0 0 
Bind along Tropomyosin 30-40K 0 0 
actin filaments 
Cross-link Gelactins 23-38K + 0 
actin Fascin/fimbrin 55-70K 0 + 
filaments a-Actinin 90-100K + + 
to each Actin-binding 250K 0 0 
other protein/filamin 
Cross-link Brush border 110K 110K 0 0 
actin filaments Spectrin 220~260K + + 
to other Microtubule-associated ~ 260K 0 0 
structures protein 2 
Myosins Myosin/myosin-H 175-220K + + 

Myosin-! 125+130K + 0 


Actin-binding proteins are grouped into classes by their established properties and subdivided into families 
according to physical properties and presumed mechanisms.of action. This classification is arbitrary and will 
probably be modified as more data become available. +, the protein has been identified in these cells; 0, the 
protein has not yet been identified in these cells (or. rarely, for example in the case of tropomyosin in protozoa; 
the protein has been sought but not found). MW,-molecular weight. 


equally clear differences: actin and Cap 
42(b) bind to DNase I but fragmin and Cap 
42(a) do not; there are kinases specific for 
subsets of these proteins; and nucleotide- 
binding properties of the proteins differ. 
The main difference, of course, is that actin 
polymerizes whereas the capping proteins 
interfere with this process by blocking the 
fast-growing end. 

The fascinating suggestion of this work 
is that at least one class of actin-binding 
proteins has evolved by duplication and 
modification of the actin gene itself. This 
idea will have to be substantiated by exam- 
ining the primary structure of the proteins 
and their genes but, if true, argues for a 
clever economy in the evolutionary pro- 
cesses. Perhaps the actin gene has been 
modified selectively, so that the resulting 












































by actin to bind to the end of the filame 
but has lost (or modified) the sites used b. 
actin to bind the next subunit: in t 
polymer. Such a modified actin would be 
ideal for capping the end of the polym 
Have other actin-binding protein 
evolved by modification of an actin gene? 
Although not conclusive, most evid 
suggests that they are not related to-acti 
For example, the sequence informati 
available on profilin’ and gelsolin‘ reveal 
no similarity to actin. Fingerprints of 
profilin, actophorin, capping protei and 
actin from Acanthamoeba’ are clearly 
different. Finally, 1 know of no other case 
where an antibody to actin- binding 
proteins cross-reacts with actin; in: fact, 
with the exception of some antibodies to 
spectrin’, most antibodies to actin-binding 
proteins show no reactivity with proteins 
outside their own class. 
The organization of the actin system will 
be understood only when the: catalogue 
of components is completed and: the 
mechanism of action of each protein has 
been elucidated in detail. Current ‘work | 
suggests that these mechanisms will be 


complex. But this will only be the begining, 
because the actin-binding proteins forma 
highly interactive regulatory system. Co: 
sequently, direct tests at the cellular level 
will be necessary to assign physiological 
function. 
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from D. J. Wallace 


COMPUTATIONAL methods have a 
particularly important role to play in the 
many areas of science and engineering 
where current research and design prob- 
lems are too complex to permit analytical 
tudy. The rapid expansion of inter- 
national interest in numerical simulation is 
ue in large measure to the increasing speed 
and memory of computers. Conversely, 
many problems demand far greater power 
than even present ‘‘supercomputers”’ can 
provide, a realization that is driving the 
evelopment of yet more powerful 
“machines. One of the most active areas is 
“the study of the strong nuclear force, 
mvolving the numerical simulation of the 
interactions between quarks and gluons on 
a four-dimensional lattice, approximating 
sontinuous space and time. 
Typically, the numerical approach 
adopts a discrete representation of the 
‘system under study. For example, in the 
„case of fluid flow in systems of pipes, the 
velocity field v(r,f) which depends on the 
patial position r and time ¢, is approx- 
imated by the velocities v,(‘)=v(r,,t), 
= 1,2... Nat points r in the fluid. The 
ifferential equations obeyed by the vel- 
city field v(r,f) are approximated by dif- 
ence equations obeyed by the v;. Since 
we now have a finite set of variables, these 
difference equations can be solved on a 
computer. Clearly, if the set of N points 
chosen is sufficiently dense, and if the start- 
ing equations incorporate all of the rel- 
evant physics (in this case, elastic proper- 
ies, viscosity, compressibility, thermo- 
dynamic properties . . . the equations can 
become complicated!) then, in principle, 
‘arbitrary numerical accuracy can be 
btained. 
As in all cases, a key ingredient for the 
“successful simulation of the strong nuclear 
force is knowledge of the fundamental 
“equations describing the force. It is now 
“widely accepted that these equations must 
be formulated not in terms of some force 
‘that binds protons and neutrons within the 
nucleus, but at a deeper level, in terms of 
he force between more fundamental con- 
stituents, out of which protons and 
neutrons are built. Just as the electric force 
inds nuclei and electrons together to form 
eutral atoms which can then combine to 
orm molecules under the residual Van der 
Vaals forces, so we now understand that 
the strong nuclear force binds more fund- 
mental constituents together to form 
‘protons and neutrons; nuclei are then 
“molécules” formed by the residual strong 
-force between protons and neutrons. This 
t theory i is called quantum chromodynamics 
(QCD) and describes how the so-called 








Computer simulations of 
quark and gluon interactions 


quark constituents interact with one an- 
other through the exchange of ‘‘gluons’’. 

Apart from experimental evidence from 
high energy scattering and from model cal- 
culations, QCD is aesthetically attractive 
because it belongs to the same class of 
theories as the electromagnetic and weak 
nuclear forces, namely it is a gauge theory. 
However, the usual weak-coupling 
perturbation theory, which has been so 
successfully applied to the electroweak 
interactions, breaks down for QCD 
because the effects of interactions are not 
small. Indeed, perturbation theory has to 
fail because free quarks, on which the 
theory would be based, are not observed 
experimentally; somehow they are 
permanently confined within observed 
particles such as the proton. The solution 
of this confinement problem in QCD 
should enable one to calculate the masses 
of the numerous ‘“‘hadronic’’ particles such 
as the proton, just as properties of atoms 
and molecules can, in principle, be calcu- 
lated in terms of the electric and magnetic 
forces among their nuclei and electrons. 

The radical step of abandoning the con- 
tinuity of space and time and formulating 
QCD ona discrete lattice of points was first 
made by K.G. Wilson of Cornell Univer- 
sity ten years ago. In the currently most 
popular version of this approach, the 
quarks are allowed to sit at sites of a 
regular, usually hypercubic, four-dimen- 
sional lattice (approximating space-time) 
with the gluon variables occupying the 
links joining the adjacent sites. The theory 
then requires that the quark and gluon 
variables are allowed to interact and come 
to an equilibrium. One can then calculate 
the propagation, that is the motion on the 
four-dimensional lattice, of the combi- 
nation of quarks that make up a particular 
particle. The form of the propagation 
depends on the mass of the particle which 
can hence be estimated from the numerical 
simulation. The whole problem is some- 
what akin to, but much more complicated 
than, the simulation of the Brownian 
motion of a particle of dust in a fluid under 
the chaotic bombardment of the molecules 
in the fluid. 

This is an enormously demanding 
computational project for many reasons, 
several of which are endemic in simulation 
problems. First, the quark and gluon var- 
iables are rather complicated; at least 50 
variables must be stored at each lattice site 
in any realistic simulation. Second, we are 
interested in the limit in which the lattice 
spacing is very fine compared with the 
particle of interest. Since the computer 
must simulate a box of space and time large 








feeling the edges of the bow we need t 
have many lattice sites. Third, just.as small- 
changes in the shape of a cloud may occur. 
rapidly but the overall aspect tends to occur 
much more slowly, so it takes many steps 
on the computer to simulate the behaviour: 
of a very correlated object, such as the- 
proton, which extends over many lattice’ 
sites. Fourth, the problem is four-dimen- 
sional so that increasing the fineness of the. 
lattice by a factor of 2 requires 2* more 
sites; in fact the problem is much worse 
since the proton now extends over more 
lattice sites, so that the correlation problem 
demands yet more computer time. Finally, 
since the quarks are fermions and must 
obey Fermi statistics, the quark variables 
cannot be directly represented by numbers 
and new algorithms must be developed to 
deal with them; to date, these are still very 
costly in terms of computer time. 

Notwithstanding these difficulties, very 
considerable progress has been made in ex- 
tracting strong interaction physics from 
simulations based on lattices, currently 
with a maximum of typically 16 x 16 x 16 
x 16 sites. There are now good quality 
numerical data showing that the effective 
force between a quark and an anti-quark“ 
changes from the Coulomb form at separ- 
ations smaller than the proton size to a 
constant (attractive) force at large separ- 
ations; confinement then emerges because 
infinite energy would be required to isolate 
a single quark. The theoretically expected 
‘scaling’ behaviour as the lattice is made 
finer and finer is beginning to be exposed, | 
to a numerical accuracy of some ten per 
cent. The reduction of statistical and 
systematic uncertainty in particle mass . 
predictions is likely to be reduced. to this 
level in the round of calculations now being 
undertaken. Practical suggestions for the 
calculation of particle decay and scattering 
have also been made. 

There is a further dimension to the 
computational aspects that is central to the 
feasibility of these and many other simu- 
lations. To appreciate the point one must 
realize that the increase in the speed of 
computers by a factor of roughly a million 
in the past thirty years has been achieved 
not only because of the increasing minia- 
turization and speed of the electronic com- 
ponents but also because machines are 
designed increasingly to do many things 
simultaneously, that is in parallel. The 
rates of tens to hundreds of millions of 
multiplies per second obtained from 
modern computers rely on ‘pipelining’ 
many multiplies through the computer, or 
on using many multiplying units connected 
in an array, so that they can communicate. 
The current success of most large-scale 
simulations is heavily dependent on the 
fact that the method can exploit parallel 
computation with close to 100 per cent 
efficiency; usually the reason is that the 
similar calculations which have to be done 
at every site of the lattice of points in the 
simulation are perfectly handled by, for 


a communicating array of 


The first QCD calculations on an array 
machine were done by the Edinburgh 
‘group on the ICL Distributed Array 
Processor (DAP). The potential of arrays 
of microprocessors, and their relative ease 
of construction has already encouraged 
physicists to build special purpose 
machines for scientific calculations: for 
QCD, a 64-processor machine built at the 
‘California Institute of Technology is 
-already producing interesting results and at 
Columbia a project is nearing fruition to 
build a 64-mode machine a hundred times 
more powerful (and probably more power- 
ful for this work than any available com- 
mercial machine). Companies such as 
Floating Point Systems, Cray and CDC are 





“responding with projects involving 


configurations of several communicating 
supercomputers, and Denelcor also have 
ambitious plans. VLSI chips, such as 
special-purpose arithmetic processors, the 
GEC GRID chip, and the Inmos 
transputer, with self-contained processor, 
memory and communications, will enable 
massively parallel multi-processors of 
enormous power to be built. Since these 
remarks do not even touch upon IBM or 
Japanese intentions, there can be no doubt 
that the impact of parallel processing in the 
next few years will result in an even more 
rapid growth in computer power than has 
been previously witnessed. G 


D.J. Wallace is in the Department of Physics, 
University of Edinburgh, EH9 3JZ, UK. 





Enzyme therapy 


Treatment of inborn errors of 
metabolism by transplantation 


; from Reed E. Pyeritz 


FUNCTIONAL deficiency of a specific 
enzyme has been found in the majority of 
ithe more than 200 inborn errors of human 
metabolism. Potential treatments of the 
resulting clinical abnormalities are nearly 
jas numerous as the different molecular 
pathologies underlying these enzymo- 
pathies. The paper by P. W. Gasper et al. 
on page 467 of this issue’ illustrates and 
extends one promising approach — that of 
bone marrow transplantation. 

Some forms of treatment have been im- 
jpressively effective. For example, persons 
‘with one form of cystathionine synthase 
deficiency become biochemically normal 
‘when treated with pharmacological doses 
of pyridoxine; if detected and treated early 
in life, they may be spared all of the 
Severe complications of homocystinuria. 
Similarly, restriction of dietary protein, in 
particular phenylalanine, markedly ameli- 
orates the phenotype of phenylketonuria 
and results in nearly normal intelligence in 
children otherwise doomed to profound 
retardation. And the invariably lethal 
severe combined immunodeficiency pro- 
iduced by a lack of adenosine deaminase 
can be treated effectively by partial 
exchange transfusions because the enzyme 
is present in normalerythrocytes. 

The last example differs from the others 
as the functional enzyme is administered 
from an external source. This has been 
attempted in the treatment of numerous 
inborn errors, but rarely with the success 
achieved in adenosine deaminase defic- 
iency. Problems with enzyme therapy are 
legion. They include the need for a source 
of adequate enzyme, for purification of 
non-immunogenic and non-pyrogenic 
enzyme at reasonable cost and for delivery 
of the enzyme. to appropriate tissues. 
Moreover, even when helpful, such treat- 








ment is transient at best; it is limited by the 
life span of the organelle or cell carrying the 
enzyme and by the clearance and degrad- 
ation of the enzyme, or by both. Fur- 
thermore, treatment of many conditions 
that produce neurological deterioration or 
mental retardation is limited by the blood- 
brain barrier, which prevents active 
enzyme from gaining access to the central 
nervous system’, 

For these reasons, investigators have 
been focusing on more permanent, and 
ultimately more physiological, methods of 
enzyme replacement therapy. For some, 
the final goal is either the addition of a 
functional copy of whichever mutant gene 
causes the condition, or the activation of 
another locus in the genome that can sub- 
stitute, at least in part, for the mutant one. 
Although many technical problems remain 
— including those of targeting the func- 
tional gene to the appropriate tissue and 
then ensuring the proper physiological 
regulation of its transcription — gene 
therapy of somatic tissue has been 
attempted, will undoubtedly be successful 
in the near future, and may become the 
treatment of choice for some inborn errors 
before the end of the decade. 

Transplantation of cells, tissue or whole 
organs affords another method of pro- 
viding a patient with a constant, and 
sometimes regulatable, source of enzyme. 
In some cases, transplantation is effective 
in replacing an organ damaged by the meta- 
bolic defect. For example, a normal kidney 
transplanted to a patient with Fabry’s 
syndrome has enough a-galactosidase 
activity to protect itself from the metabolic 
overload of neutral glycosphingolipids it 
encounters, but insufficient activity to 
treat the entire patient’. In other disorders, 
transplantation of a single organ may be 


‘slifficient to improve markedly. 











































































cure, the major clinical effects: : 
transplantation in a variety of conditions, 
such as type I glycogen storage disease“, 
Wilson’s disease and a-l] antitrypsin 
deficiency fall into that category. E 
Cells of the bone marrow offer several 
advantages in this regard. First, the tech: 
niques of bone marrow transplantation | 
have become standardized, predictable 
and reasonably effective. Second, a variety 
of stem cells exist in marrow, each capable: 
of performing different, if overlapping, | 
metabolic activities. Third, mature cells 
from bone marrow precursors circulate to 
all organs of the body. Finally, enzymesof 
bone marrow-derived cells should be able 
to function in transit to reduce the toxic 
metabolites carried in the plasma, and. 
hence their deposition in peripheral tissue; 
although the problem of the blood-brain 
barrier remains. Bone marrow transplan- 
tation has been notably successful in treat- 
ing a number of heritable disorders; 
including those that are primarily erythro- 
poietic (sickle cell disease‘, thalas- 
saemia®), immunological (various immuno- 
deficiency states), reticuloendothelial. ' 
(Gaucher’s disease’), a combination: 
thereof (Wiskott-Aldrich syndrome’), or 
osteoclastic (severe osteopetrosis”). 
Lysosomal storage disorders, in which 
deficiency of a single enzyme leads to — 
ineffective catabolism of macromolecules, 
have long been prototypes in the study of 
the therapy of genetic diseases. Patients 
with many of the mucopolysaccharidoses 
and sphingolipidoses have been treated 
over the past decade by all of the methods 
noted above, except gene replacement. 
Some encouraging, but preliminary, - 
success with bone marrow transplantation 
has been reported in lysosomal disorders’ ` 
that lack primary central nervous system: 
involvement, such as Gaucher’s disease’ 
and Morquio’s syndrome, However, early 
reports of mental improvement in Hurler’s 
syndrome! have largely been tempered by 
longer experience or the development of 
graft-versus-host disease. 
Mucopolysaccharidosis VI (MPS VI; 
Maroteaux-Lamy syndrome) is the result 
of arylsulphatase B deficiency and results. < 
in severe skeletal, cardiac and pulmonary 
complications while sparing intellect. Bone’. 
marrow cells produce arylsulphatase B, so 
bone marrow transplantation could im» 
prove the condition or, if performed early 
enough in life, modulate the short stature, 
skeletal deformity, coarse facies and 
infiltration of the myocardium that 
inevitably occurs. To investigate the 
potential of such therapy, Gasper et al, t` 
took advantage of an animal model for 
MPS VI: cats deficient in arylsulphatase 
B develop clinical features similar. to 
humans. Soon after engraftment of bone 
marrow from an unaffected littermate, an 
arylsulphatase-deficient cat showed signs- 
of biochemical improvement. Reduced 
urinary excretion of mucopolysaccharide 
metabolites and increased leukocyte 






























































sulphatase B activity persisted for the 
length of the study, 250 days. The most 
objective sign of clinical improvement was 
-aresolution of corneal clouding, although 
= other signs, such as the cat’s ability to walk 
and chew, its coarse facies and demeanor, 
“also seemed to improve. It will be of 
interest to determine how much clinical 
“improvement is possible in this and simi- 
larly-treated cats, and to document the 
pathological improvement at the end of 
their substantially lengthened lives. 

Animal models for inborn errors of 
metabolism could lead the way to a much 
‘wider use of clinical marrow trans- 
plantation. Animals will be particularly 
valuable for testing methods of broaching 


Immunology 


from M. J. Owen 


WITH the molecular analysis of the T-cell 
‘antigen receptor, molecular biologists have 
“recently begun to solve the outstanding 
mmunological question of how T cells 
recognize antigens and thus contribute 
- towards the antigen-specific immune re- 
sponse. As already described in these 
‘columns!, the receptor is composed of a 
B chain, which was well defined some 
-months ago, and an a chain whose partial 
amino acid sequence*" has recently con- 
firmed a tentative indentification from 
SEDNA clones**. But the heterodimer 
“formed by these two chains can, so far as is 
“known, subserve only the recognition func- 
‘tion of the molecule. Some other structure, 
therefore, must be responsible for 
“transducing the signal to the interior of the 
‘cell and initiating the cellular response to 
“antigen. An obvious candidate for this 
function is the so-called T3 molecule, 
which is physically associated with the re- 
ceptor heterodimer®. T3 is a glycoprotein 
complex of three polypeptide chains (y, 6 
and £). It, too, is beginning to yield to the 
all-embracing techniques of molecular 
“biology as shown, in particular, by a paper 
-from Terhost’s laboratory on page 413 of 
» this issue’. 

The T3 glycoprotein is unlikely to play a 
direct role in specific binding of antigen but 
is nonetheless probably obligatory for 
» receptor function and may play a part in 
the stabilization of the initial interaction 
between receptor and antigens, as well as in 
“signal transduction®. In this regard it is in- 
triguing that calcium fluxes can be induced 
in T cells by antibodies against the T3 gly- 
> čoprotein”. Furthermore, the expression of 

T3 is apparently linked to that of the anti- 
gen receptor, since in no case has one been 

< detected at the T-cell surface in the absence 
of the other. 

To clone the 6 chain of T3, Terhorst’s 
-group has used the protein sequence route 
in which oligonucleotide primers are syn- 

thesized on the basis of a partial protein 





or circumventing the blood-brain barrier 


in those conditions with neurological. 
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T-cell receptor companions 


sequence and used as probes with which to 
extract the desired cDNA species. (It is 
worth pointing out for the afficionados 
that the hybridisation probe used was a 
19-mer and 15-mer mixture, consisting of 
576 and 128 different sequences, respect- 
ively; this must represent a record for the 
redundancy of a primer used successfully in 
a cDNA cloning exercise.) The deduced 
primary sequence of the T3 6 chain 
confirms much of the biochemical data 
reported by Terhorst’s group and by 
others, and contains few revelations or sur- 
prises. Predictably, it shows no sequence 
homology with members of the multi-gene 
family that includes the genes for the T-cell 
receptor, immunoglobulins and the major 
histocompatibility antigens. One point of 
interest is that the human 6-chain probe 
cross-hybridizes with a mRNA species in 
mouse T cells (as detected by Northern 
blotting analysis), which represents the 
first convincing demonstration of a murine 
equivalent of at least part of the T3 
complex. The failure to identify a T3-like 
molecule on the surface of mouse T cells by 
means of serology has been a point of some 
concern to those who advocated a pivotal 
role for T3 in the T-cell response to antigen. 

One possible clue to the mechanism of 
association of the a-p dimer with the T3 
complex has emerged from this study. 
Tehorst’s group point out that the trans- 
membrane segments of the a and 8 chains 
of the structure both contain a lysine resi- 
due whereas an aspartic acid side chain is 
located in the corresponding region of the 
é-chain transbilayer peptide. The ion pair 
that would form between these residues in 
the hydrophobic environment of the lipid 
bilayer would provide a strong stabilizing 
force for the T3-receptor complex. If this 
speculation is correct, in vitro mutagenesis 
experiments in which the transmembrane 
charged residues are altered should prove 
rewarding. 

The minimal array of proteins involved 








espi ‘antigen on the surfa 
of an effector T-cell seems tobe. th 
T3-receptor complex, the T4 or T8 glyco-. 
proteins, and possibly the mysterious 
protein described by Tonegawa’s group 
and originally thought to be an @ chain 
candidate'®. The availability of clones en- 
coding all of these surface structures will be’ 
necessary before molecular immunologists 
can begin to manipulate the system and 
provide a complete molecular description: 
of the recognition and activation 
processes. The isolation of a cDNA clone 
encoding the 6 chain is an essential first step 
towards defining the role of T3. The partial 
protein sequence of the T3 £ chain reported 
on page 455 of this issue}! should provide 
the basis for the cloning of its cDNA. And 
the deduced protein sequence of this chain 
will prove especially interesting since it is 
postulated by Terhorst and his colleagues 
to be a constituent of a putative calcium 
channel involved in the process of activ- 
ation of the T cell. At the current rate of 
progress, it should not be long before the 
sequence is reported and can be com- 
mented on in these columns. a 
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100 years ago 
OVER-PRESSURE IN ELEMENTARY 
SCHOOLS 
Take the typical case of a class of seventy 
children, starting with about the same 
attainments. The bulk of these will be average 
boys, or girls, as the case may be, fairly healthy 
and intelligent, not given to over-much study, 
but still ready to fall in with the requirements of 
the school. But there will also be some half- 
starved children who often come without any 
breakfast, dull children — descendants of a 
wholly uncultured race — feeble children, and 
others averse to any restraint and con 
stitutionally irritable, together with childrer 
who are weary with toil at home, Besides thesi 
there are the exceptionally clever children, whe 
are in danger of under-pressure and the over 
sensitive or ambitious who are prone to over 
work themselves. It is evident that the genera 
scope of the instruction must be adapted to the 
average of the class. 
From Nature 31, 73; 27 November 1884. 


Haematopoietic growth factors 


< Stir — May we add some important points 
to those made by T.M. Dexter in his News 
and Views article on haematopoietic 
growth factors'. The development of 
blood cells requires a programme for the 
multiplication of stem cells and their 
differentiation to various types of mature 
cells with different functions. The mature 
cells no longer multiply. The normal 
developmental programme also has to 
include a mechanism for coupling the 
induction of multiplication in stem cells to 
the induction of differentiation, so as to 
maintain the normal balance between un- 
differentiated and mature cells. The points 
we wish to add are that multiplication 
(growth) and differentiation of blood cells 
are induced by different proteins, those 
“that induce growth and those that induce 
differentiation, and that coupling between 
growth and differentiation can be achieved 
by a growth factor switching on production 
of a differentiation factor. 
In cells of the myeloid series there are 
four different growth-inducing proteins. 
These are now called colony stimulating 
factors (CSF), or macrophage and granu- 
locyte inducers — types 1 (MGI-1)'*. Of 
the four growth factors, one (M7) induces 
the development of clones with macro- 
phages, another (G7) clones with granu- 
ocytes, the third (GM) clones with both 
macrophages and granulocytes, and the 
fourth (also called interleukin-3), clones 
“with macrophages, granulocytes, eosino- 
phils, mast cells, erythroid cells, or mega- 
~karyocytes. This multigene family repre- 
sents a hierarchy of growth factors for dif- 
ferent stages of blood cell development as 
the precursor cells become more restricted 
in their developmental programme. How 
do normal myeloid precursor cells induced 
to multiply by these growth factors develop 
into clones that contain mature different- 
iated cells that stop multiplying when they 
terminally differentiate? This has been a 
answered by experiments that complement 
those discussed by Dexter!. 

Normal myeloid precursors require 
addition of one of the myeloid growth 
factors for cell viability and multiplication. 
But there are myeloid leukaemic cells that 
are viable and multiply without adding 
growth factor, and that.can be induced to 
differentiate: to non-malignant terminally 
differentiated macrophages or granu- 
locytes by proteins: which are different 
from the growth factors called CSF or 
MGI-174_ These differentiation-inducing 
proteins, which also induce differentiation 
of normal myeloid cells*“, have been called 
MGI-2?+ or differentiation factors (DF)®’. 
The injection of these MGI-2 proteins into 
leukaemic mice inhibits the development of 
myeloid leukaemia?*. Normal myeloid 

_ precursor cells cultured with one of the 

2 myeloid growth factors endogenously pro- 
-duce the differentiation factor MGI-2%>° 
- and this serves as.an efficient mechanism to 














couple growth and differentiation. Dif- 
ferences in the time of the switch-on of the 
differentiation factor can produce dif- 
ferences in the amount of multiplication 
before differentation. There is more than 
one type of MGI-25:'°, Different growth 
factors may switch on different different- 
iation factors and this may determine the 
differentiated cell type. 

It has been suggested from experiments 
with WEHI-3B myeloid leukaemia cells 
that one of the myeloid growth factors 
(MGI-1G = G-CSF) can also act as a dif- 
ferentiation factor for these leukaemic 
cells*, This has not so far been found with 
other clones of myeloid leukaemic cells, 
and studies with these other clones have 
identified MGI-2 proteins that have no 
MGI-1G activity?*’. In addition, MGI-2 
but not MGI-1 binds to double stranded 
DNA". The form of MGI-1G used in the 
experiments with WEHI-3B may be a 
hybrid molecule, but there is also a dif- 
ferent explanation. WEHI-3B cells con- 
stitutively produce their own growth factor 
and under appropriate conditions can be 
induced to endogenously produce their 
own differentiation factor''. As with 
normal myeloid precursors, WEHI-3B 
cells may thus be induced to differentiate 
indirectly by the growth factor MGI-IG 
(G-CSF). In addition to these results with 
myeloid cells, different proteins that 
induce growth and differentiation have 
been found with B lymphocytes" and this 
presumably also applies to the other types 
of blood cells. Induction of differentiation 
factor may also play a role in the normal 
developmental programme of other cell 
types. 


LEO SACHS 
JOSEPH LOTEM 
Department of Genetics, 
Weizmann Institute of Science, 
Rehovot 76100, Israel 
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Calibrations for nuclear 
winter 


Sir — In their recent complaint! about 
John Maddox’s criticisms?’ of their 
climate modelling work on the ‘nuclear 
winter’ concept*, Turco et al. attempt to 
buttress their case by stating that the 
climate model they used was partly cali- 
brated by (1) 12 years of research on 


martian dust storms, (2) the climatic cons: 

























































quences of volcanic explosions on Eart 
and (3) the possible collision of an asteroid 
or cometary nucleus with Earth at the time 
of the Cretaceous/Tertiary extinctions. In 
addition, they say that their work was 
reviewed by a large number of experts an 
that it referred to many previous studies, If 
these reasons are indeed the basis for their. 
confidence, the criticism they received. was. 
well justified. 
To begin with, what good is a technique 
that is only partly calibrated? And how ca 
a model be calibrated against a possi 
phenomenon which may or may not have. 
actually occurred, and at that in the distant 
past? With respect to the climatic consi 
quences of volcanic explosions, Turco 
al. indicate in their complaint that these 
caused primarily by sulphuric acid aero: 
and not by the smoke and dust: that is 
supposed to operate in the nuclear winter 
scenario. So how can this comparison beo 
any use? In addition, of what real com- 
parative value is the planet Mars? It has 
liquid water on ts surface, while Eart 
70% covered by seas; and its atmospheric. 
mass is miniscule. Dust there operat 
almost as if it were in a vacuum; and, again 
Turco. et al. claim that it is not dust but 
rather sooty smoke from fires that is the 
major cause of nuclear winter. And as for 
citing lots of background material an 
getting the opinions of a large number’o 
experts, what does that prove? Absolutel 
nothing, which is precisely the point madi 
by John Maddox, and one which I heartily 
endorse. 
SHERWOOD B. inst 
Institute for Biospheric Research, 
631 E. Laguna Drive, 
Tempe, Arizona 85282, USA 
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DNA methylation and 
G +C rich DNA 


SIR — In a recent “News and Views” 
article, Max collated evidence showing 
that the 5’ region of certain genes is 
undermethylated in the cells of all tissues 
examined including sperm! . This was used 
to explain the recent observations’ that CG 
dinucleotides are present in unusually high 
amounts in certain regions of some genes. 
Where cytosine methylation does not 
occur, deamination of a cytosine base in 
DNA will produce uracil which can. be 
removed from the DNA and the original 
sequence re-established. However, the 
occasional deamination of methylcytosine 
to thymine in DNA will lead, over many 
generations, to the loss of CG dinucleo- 
tides from the genome — so called:CG sup- 
pression’. McClelland and Ivarie* founda 
reduced suppression in the 5’ flanking 
regions of some vertebrate genes which 
might imply that these regions are 




















































perm DNA, a finding which does not 
upport the idea that in these cases a lack of 
methylation is the cause of the reduced CG 
‘suppression. 
There are two ways to explain a lack of 
CG suppression in a particular region. As 
uggested by Max and explained above this 
would result if the CGs in that region are 
“not methylated. It would also result if 
“methyl CGs are not deaminated in that 
‘region and we have recently presented 
evidence to support this mechanism‘. An 
analysis of various regions of vertebrate 
“genomes demonstrates that CG dinucleo- 
-tides occur at the expected frequency wher- 
ver G +C rich regions occur. (G +C rich 
regions having a composition of greater 
than 60% G +C.) The increased stability of 
he double helix in G +C rich regions will 
itigate against the deamination reaction 
which requires the DNA to be single 
tranded. Even if heavily methylated, we 
would predict that CG dinucleotides will be 
maintained in these very G + C rich regions 
of DNA and that is what is found. 
< Deamination of methylcytosine in CG 
dinucleotides will lead to a decrease in the 
G+C content of DNA? but where these 
ucleotides are maintained no change in 
ase composition would be expected. 
A+T rich regions should remain A+T 
ich and there is no relevant reason why 
hey should become G+C rich. This 
implies that those regions which fail to 
show a suppression of CG dinucleotides 
have been rich in G + C for a very long time 
and this may be why they are resistant to 
deamination. Other events may lead G+ C 
rich regions to mutate to a more average 
composition which may then allow 
methylcytosine deamination to occur, 
` thereby accelerating the change to an A +T 
rich composition. Where a high G+C 
-content is maintained or arises either by 
~ ehance or because of selection it shows little 
“CG suppression. 
CG dinucleotides are highly suppressed 
regions of the vertebrate genome 
containing less than 40% G +C and such 
—tegions have little remaining scope to 
-exhibit further base changes as a result of 
-methylcytosine deamination. Such 
Mutations are expected to occur only in 
egions of intermediate composition where 
number of methy! CG dinucleotides still 
_ remain in an environment conducive to 
deamination. 
‘We do not argue against the proposal 
at lack of cytosine methylation may be 
the cause of the lack of CG suppression in 
me cases and indeed Cooper et al.’ have 
shown that short stretches of unmethylated 
DNA are present in the vertebrate genome. 
Nonetheless, we are of the opinion that a 
imple failure to deaminate methylcytosine 
in G + C rich regions may be a more general 
explanation for the absence of CG sup- 
pression. in'G +C rich regions of the verte- 


everal genes are bens inethylated 
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this ister and Dr Bird for helpful 
discussions. 
R. L. P. ADAMS 
R. EASON 
Department of Biochemistry, 
University of Glasgow, 
Glasgow G12 8QQ, UK 
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Germ-line gene therapy 
a misnomer? 


Sir — I would like to add to the medical 
and deontological reservations raised by 
M.E. Pembrey! regarding gene therapy. 
Two modes of gene therapy are considered: 
one involving intervention at the level of 
somatic cells on their immediate precursors 
(such as bone marrow cells?) and the 
second, modification of the germ line 
level. The commonly implied advantage 
of germ-line gene therapy is the the 
correction of the defect could be made 
transmissible to further generations. 

But, at present, there is no way to control 
or target the site of gene insertions, which 
seem to occur at random’. Consequently, 
deficient and inserted loci will, in most 
cases, lie on different chromosomes (or be 
separated by a large distance on the same 
chromosome) and so will segregate more or 
less independently. Thus, given a 
homozygous recessive defect, and as long 
as only a single chromosome can be the 
target for insertion, descendants will have 
only a 50% chance of inheriting the 
correcting locus along with the defective 
locus. That is, the so-called germ-line gene 
therapy will effectively control a genetic 
disease in the corrected individual, but the 
defective locus and potential for disease 
will still be transmitted to the progeny. 
Evidence is also accumulating demon- 
strating that this randomness of insertion 
bears a significant mutagenic potential. 
Multiple independent insertions of the 
correcting locus would thus not be a 
solution to this problem, since although 
increasing the likelihood that offspring 
receive a ‘‘correcting’’ locus, they would 
also increase the likelihood of insertional 
mutagenesis. 

Thus, at present, germ-line gene therapy 
of an individual would not eliminate the 
necessity to reiterate this therapy in his 
offspring, since diagnosis for the absence 
of the correcting gene in the offspring 
would have to be delayed to the embryo 
stage with present techniques — too late to 
apply germ-line gene therapy de novo. 
Arguments for germ-line intervention 
should thus take into consideration that the 
benefits are mostly restricted to one gener- 
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mutagenesis, i in n fact, ‘seems to sugges 
germ-line therapy is more likely to increa: 
future genetic problems than it is to cure | 
them. 
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Three-dimensional 
chemical waves in metals 


SıR— The review article by Winfree and 
Strogatz! mentions rotating spiral waves in 
a modified Belousov? chemical reagent, in 
a monolayer of Dictyostelium discoideum 
cells responding to a pulse of cyclic adeno- 
sine monophosphate? and in successive 
photographs of the retina of a chicken‘. 

The photograph of a scroll wave in modi- 
fied’ Belousov-Zhabotinsky reagent is 
reminiscent of the mechanism by which 
dislocations may multiply in metals first 
suggested by Frank and Read‘, In this 
model, a line representing a dislocation ina 
three-dimensional dislocation network ina 
crystal is successively deformed by a shear 
stress so as to produce ring dislocations. An 
unlimited amount of slip my be produced. 

The stress required for this process is of 
the order of Gb/] where G is the shear 
modulus, b is the Burgers vector, and J is. 
the length of the line. Typically, for a metal 
G = 500 GPa, b = 0.25 nm and / = 100 
um. This gives a stress of the order of 10 
pascals and an energy of the order of 10-10 
joules per metre of dislocation line. This 
corresponds to an energy of approximately 
10 eV per atom along the dislocation line. 

The value of 10eV is in good agreement 
with the energy of a typical chemical bond 
and thus the initial dislocation line may be 
seen as an organizing centre for the gener- 
ation of ring dislocations which are ana- 
logous to chemical waves travelling 
through the medium. 


D.H. EVANS 
Department of Applied Physics, 
Sheffield City Polytechnic, 
Pond Street, 
Sheffield S1 1WB, UK 
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Multiple specific contacts between 





a mammalian transcription 
factor and its cognate promoters 
David Gidoni, William S. Dynan & Robert Tjian 
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The human transcription factor Sp! binds upstream of certain viral and cellular promoters and activates initiation of RNA 
synthesis from these promoters by RNA polymerase II. The Spl binding sites of both simian virus 40 and a related monkey 
: promoter contain multiple copies of the sequence GGGCGG, three or four of these sequences forming close contacts with 
Spl. The clustered contacts fall on one strand of the DNA and are arranged similarly in the major groove of the DNA 


“helix in both promoters. 





MOST promoters for eukaryotic protein-coding genes contain 
distinctive upstream control sequences required for gene 
expression. Although the molecular mechanism by which these 
‘upstream sequences act to modulate transcription is not under- 
stood, it probably involves promoter-specific protein factors 
that interact with the DNA and influence the core transcription 
machinery to initiate RNA synthesis from particular sites. 

Recently, two such promoter-specific transcription factors 
have been isolated and characterized: one, Spl, interacting 
specifically with upstream contro! sequences of the simian virus 
40 (SV40) promoter’ and a second, HSTF, involved in tran- 

“scription of Drosophila heat shock genes’. In both cases the 
factors have been partially purified from cell or tissue extracts, 
their respective bind promoters and activate transcription in 
vitro. The stimulation of SV40 transcription by the Spl factor 

_is dependent on sequences within a region of 21-base pair (bp) 
‘direct repeats located 48-103 bp upstream from the start sites 
for early transcription (ref. 2; D.G. and R.T., unpublished data). 
Sp! binding activates transcription of both viral strands; sequen- 
ces within the binding region are required for in vivo and in 
_vitro transcription*'°, 

Because Spl is found in uninfected cells, it seems likely that 
it plays a role in the expression of cellular as well as viral genes. 
We have discovered recently a strong binding interaction 
between Spl and two binding sites occurring in a 450-bp region 
of the monkey genome (W.S.D. et al., unpublished data). This 
putative monkey promoter sequence is homologous to sequences 
in the SV40 promoter region'':'; it also directs transcription in 
vive both in its normal chromosomal location and in an 
expression vector, 

A comparison of Spl binding regions in SV40 with those from 
the host cell should facilitate identification of specific features 
involved in binding and transcription. The boundaries of the 
SV40 and the two monkey Sp! binding regions have been 
identified by DNase footprinting (ref. 2; W.S.D. et al, unpub- 
lished data). The overall lengths of the regions range from 18 
to 60 bp and each is associated with direct repeats of 14-21 bp. 
The prominence of the sequence ‘GGGCGG’ (the GC box) 
repeated many times in all three binding sites suggests that it 
has an important role in the recognition of the promoter region 
by Spl. The ability of the footprinting technique to resolve 
specific features of the binding interaction is rather limited, 
however, in particular precluding identification of the nucleotide 
residues within the protected region likely to make specific 
contacts with the protein. 

_ In the present experiments, we have used dimethyl sulphate 
to probe the binding of Spl to specific sites in both the SV40 
and monkey genomic sequences. Dimethyl sulphate is a reactive 
electrophile. methylating the N-3 positions of adenine and the 








N-7 positions of guanine in duplex DNA". Because dimethyl 
sulphate is a small molecule, protection from methylation can 
be used to infer the location of specific A or G residues forming: 
intimate contacts with sequence-specific binding proteins!*. By 
observing the pattern of dimethyl sulphate protection in the 
presence of Spl, we have identified the particular GC boxes 
that appear to make close contact with this factor and have 
constructed a model for the internal structure of the binding sites, 


Sp1 binding to SV40 promoter 


We have shown previously that a fraction containing Sp! fro 
cultured human cell extracts is capable of protecting a site in’ 
the SV40 promoter region from DNase attack”. In those experi- 
ments, a duplex DNA fragment was labelled at one end, incu- 
bated with Spl and subjected to limited cleavage with DNase 
I. The presence of specifically-bound Spl results in a.gap, or. 
footprint, in the ladder of cleavage products revealed by elec 
trophoresis. The footprint is seen on both strands and is sup- 
pressed in the presence of excess unlabelled SV40 DNA’. Partial : 
or full protection extends~ 60 bp (nucleotides 45-104), overlap~: 
ping the 21-bp repeated elements and containing GC boxes): 
I-VI and a portion of I (Fig. la). 

To obtain a more detailed picture of the binding interaction 
between Spl and the SV40 sequences, we performed dimethyl 
sulphate methylation protection experiments (Fig. 1b): Spl 
DNA complexes were allowed to form at 0°C, then subjected 
to partial methylation with dimethyl sulphate as described in 
Fig. | legend, Methylated guanine residues were identified by. 
cleavage of the DNA backbone’. In the presence of Spl, 13. 
guanine residues on the late RNA sense strand (see ref. 16) of 
the SV40 control region showed specific and almost complete 
protection from methylation by dimethyl sulphate. These. 
residues fall into three clusters corresponding to GC boxes IH, 
V and VI. An additional four residues contained within the 
second GC box proximal to the sites of early transcription (GC 
box II) were weakly protected from methylation by Sp! binding 
and there was also very slight protection in GC boxes I and IV,” 
In addition, several guanine residues located near the clusters: 
of protected residues were hypermethylated, perhaps because: 
the local environment of bound Spi favours the methylation 
reaction. 

In order to identify adenine as well as guanine residues that 
may be protected from methylation, Sp! was incubated with 
DNA and treated with dimethyl sulphate as before, but the 
conditions of subsequent treatment were such that DNA was 
cleaved at both the N-7 methyl guanine and the N-3 methyl 
adenine’*. In contrast to the pattern of protection seen with 
late-strand guanine residues, there was no significant methyla- 
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Fig. 1 Spi binding to the $V40 promoter region. a, DNase I 


~ footprinting, Reactions contained 0, 5 or 15 wl of Spl as indicated. 


Brackets mark the limits of the protected region. Lanes G and 
-G+A contain Maxam-Gilbert” sequence ladders prepared from 
the same fragment used for the binding. 6, Dimethyl sulphate 


.. Methylation protection, Reactions contained 0, 5, 10 or 20 pd of 


Spl. Arrows, protected residues; +, hypermethylated guanine 
residues. The central diagram schematically represents the Spl 
binding region. Rectangles, the six GGGCGG motifs in the SY40 
21-bp repeat region. Filled, hatched and open rectangles represent 
strong, partial and weak protection from dimethyl sulphate, respec- 
tively. The ‘TATA’ box and direction of early transcription are 
also indicated. 
Methods: Sp! was partially purified by fractionation of a human 
(HeLa) whole-cell extract as described previously’. The end- 
labelled DNA probe for binding experiments was prepared from 
the plasmid pX8, containing the SV40 genome with a Xhol linker 
inserted at the BglI site in the origin of viral replication". The 
“plasmid was digested with Xhol, labelled with [y- 7 P]ATP and 
` polynucleotide kinase and digested again with Poul. The fragment 
containing the Spi binding site was gel-purified; this fragment is 
singly 5’ end-labelled at a site downstream from the early ‘TATA’ 
sequence. In each binding reaction, 3 ng (17 fmol) of labelled probe 
fragment and 1,000 ng of unlabelled sonicated calf thymus DNA 
~~ Were incubated with 0-20 ul Spi (0-10 ng total protein) for 15 min 
sat 0°C in 50 pl of the reaction buffer described by Dynan and 
+ Tjian’. For DNase footprinting’! the reaction was warmed rapidly 
to room temperature and the DNA cleaved as described pre- 
viously’. For dimethyl sulphate methylation protection", 1-4 pl 
dimethyl! sulphate was added and incubation continued for | min 
at 0°C. The reaction was terminated and DNA subjected to 
cleavage at sites of N-7 guanine methylation (described by Maxam 
and Gilbert’), All samples were analysed on a denaturing 8% 
polyacrylamide sequencing gel. 
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Fig. 2) Comparison of the dimethyl sulphate methylation protec- 
tion pattern on opposite strands of DNA in the $V40 early promoter 
region. a, DNA probe 5’-end-labelled on the Xhol site downstream 
from the early ‘TATA’ box, prepared as described in Fig. 1 legend. 
b, DNA probe 5’-end-labelled at an EcoRI site upstream from the 
early promoter, prepared from the plasmid pSV07 as described by 
Dynan and Tjian’. In both experiments, end-labelled DNA probe 
and unlabelled carrier DNA were incubated with 0-20 pl Spl and 
treated with dimethyl sulphate as described in Fig. 1 legend. 
Simultaneous cleavage of N-7 methylated guanine and N-3 
methylated adenine residues was carried out according to Gilbert 
et al.'®, The Maxam-Gilbert G and G+A sequence ladders are 
shown alongside the dimethyl-sulphate protection pattern. Arrows, 
positions of the 21-bp repeats and the 22-bp sequences of the SV40 
promoter. 


tion protection or enhancement observed with adenine residues 
(Fig. 2a). No protection of either guanine or adenine was seen 
with an early-strand probe (Fig. 26). Thus, Spi methylation 
protection appears to be limited to moieties in the major groove 
(N-7 of guanine but not N-3 of adenine) and to one strand of 
the DNA. 


Sp1 binding to monkey promoter 


The presence of Spi in uninfected cells suggests that a class of 
S$V40-like cellular promoters may also be under the control of 
this transcription factor. We have recently characterized tran- 
scription and Spl binding properties of a cloned genomic mon- 
key DNA sequence that exhibits in vivo and in vitro promoter 
activity (ref. 13 and W.S.D. et al, unpublished data). DNase 
footprint analysis of the monkey DNA revealed two distinct 
and separate binding regions for Spl, designated a and B (see 
map in Fig. 3). Sequence analysis of these two regions indicates 
that both contain multiple GC boxes arranged similarly to the 
SV40 21-bp repeat region. 

We chose to focus on the 6 region for dimethyl sulphate 
methylation protection experiments both because it is located 
between divergent in vivo transcriptional start sites and because 
preliminary experiments showed a more distinct pattern of pro- 
tection than in the a region. Side-by-side DNase footprinting 
and dimethyl sulphate methylation protection experiments are 
shown in Fig. 3a and b. The pattern of protected guanine 
residues in the monkey DNA is very similar to the SV40 pro- 
moter. Three of the six GC boxes on one strand of the duplex 
binding site were almost completely protected by Sp! from 








- spi binding to the putative ; : 
nkey promoter. a, DNase footprint- ooa 
ing. Probe DNA was 5’ end-labelled at 
> alinker adjacent to an Sphl site located 
to the right of the 8 binding region. 
Brackets, region protected by Spl. b, 
Dimethyl sulphate methylation protec- 
tion using the same probe as a. DNA 
“was cleaved at methylated guanine 
residues. Arrows, protected guanine 
residues; +, hypermethylated guanine 
residues. A schematic representation 
of the protected guanine clusters 
within the Sp1-8 binding region is 
shown alongside a and b. The six GC 
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boxes are represented by solid or open L 
rectangles, indicating residues strongly 
protected from dimethyl sulphate or 13 
not protected, respectively. c 
Dimethyl sulphate methylation protec- 
tion of the opposite strand. Probe 
DNA was 5’ end-labelled at the Aval 
site to the left of the Spl binding 
regions. DNA was cleaved simul- 
yo daneously at methylated guanine and 
“adenine residues. a-c, Binding reac- 
tions and cleavage procedures as 
described in Fig. 1 legend. d, The two 123456 
distinct binding regions for Sp!, a and 
“By detected by DNase footprinting g] 
| (W.S.D. et al, unpublished data). Fil- 
led rectangles, the GGGCGG 
sequence motifs in each binding 
region. Arrows, the 17-bp repeats and 
the E (‘early’) and L (‘late’) transcrip- 
tion directions. DNA probes in these 
binding experiments were prepared 
from the plasmid p7.02, provided by : 
Drs J. Saffer and M. Singer. Fig. 4 Close contact points between 
Spl and SV40 or the cellular monkey 
ae Sy noe inte, promoter sequences. The sequences of 
—_——<¢ "4 SV40 and monkey DNA containing the 
ee Als SP1 binding regions are displayed. 
pe pinky. Brackets, footprints of Sp] within the: 
viral and cellular promoters; circles, 
SV40. 4 +S ee tet specific guanine residues protected 
ie 166 90 #0 20 60 50 } from dimethyl sulphate methylation by 
AGCAACCATAGTCCCGCCECTAACTCCGCCOCATCOLGCCCCTAACTCCGCCCAGTTCCOCCCATTCTCCGCEC’ Sp! binding; dashed circles, partially’: 
a em pees] Carnie | protected residues; +, hypermethy- 
TCGTTGGTATCAGGG@OGGEGA T TA G@CEGOT AGGGCGGGGAT TGA GQCGEOT C A AGG@CEGET AAG AGGCGGGG lated residues. Rectangles represent 
oe k hd id us ae eee ate Sats GC boxes containing unprotected 
2Ibe 2tbp 226p (open), partially protected (hatched) 
Monkey and fully protected (solid) clusters of 
240 230 220 ae 200 180 guanine residues. Arrows, direction of 


GGGGAACTGCGCCCCOGCOCCACTOCTCOGCCOCGCCOCACTCTCOGC CEC GCC CTE CGCEGGCACTAGCOCAATCE 
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early (E) and late (L) transcription, 


Con CO COT The nucleotides of the SV40 sequences 
ECCETTGACGCEGGGCOGORT GAG AGG CHG GOCGBGOT G AGAGGCEG GGOGBO GGCGGCCGTGATCAGTTAGG are numbered according to Tooze'* 
and those of the monkey sequences 
17bp bp 13bp according to Queen er al.’*. Schematic ` 
diagrams of the transcriptional control =: 
eat Scuba wast regions of SV40 (top) and the monkey.: 
-4 EE AE. cellular DNA (bottom) are illustrated. 





The diagrams show the Spi binding 
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dimethy! sulphate attack (Fig. 3b) and hypermethylated guanine 
residues were found at positions directly adjacent to the methyla- 
tion protection sites. No adenine residues were hypermethylated 
or protected on this strand (data not shown), nor was there any 
perturbation of methylation at guanine or adenine on the 
opposite strand (Fig. 3c). 


Spl contacts on DNA helix 


Data from the viral and cellular binding regions together suggest 
that Sp! forms close contacts with only a selected group of 
guanine residues within the GC boxes. The protected atoms lie 
within the DNase I footprints and are all on one strand of the 















EARLY-LIKE gites and the relative positions of the 
bidirectional transcription initiation © 
sites. 


duplex DNA (Fig. 4). No adenine residues are protected from’. 
modification, indicating that the contact points are located in 
the major groove of the double helical binding region. Although 
the precise nucleotide sequence and the spacing of the GC boxes 
are not identical in the viral and cellular promoter regions, the. 
general pattern of close contact residues follows a similar spatial | 
arrangement. 

We have visualized the arrangement of Sp1-DNA close con- 
tact points in computer-generated stereoscopic images. (Fig. 5). 
Each cluster of protected atoms occupies one half-turn of the: 
DNA helix. Although protein structure cannot be predicted from 
methylation protection data alone, this elongated pattern of: 
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protection is consistent with that expected if a rigid rod were 
laid in the major groove parallel to the DNA strands. This model 
is similar to that proposed for certain prokaryotic sequence- 
specific DNA-binding proteins, such as phage repressors, where 
an a-helical protein domain is believed to lie across the DNA 
in the major groove (see ref. 17 for review). Sp! differs from 
these other proteins, however, in that only one strand of the 
DNA shows evidence of protein contact. 

There is an interesting difference in the internal geometry of 
the Spl binding regions in SV40 and monkey DNA. In SV40, 
the protected residues in all three clusters are located pre- 
dominantly on one face of the helix (Fig. 5a, top). By contrast, 
because of a 6-bp difference in the spacing, the centre contact 
cluster in the monkey 8 binding region is rotated relative to 
SV40, such that these residues are now on the bottom face of 
the helix. This difference in geometry can be seen readily in Fig. 
5b and c. Interestingly, because of redundancy in the monkey 
sequence, alternate contacts are available at the top of the helix 
in a position fully homologous to those in SV40, but apparently 
are not used. This preference could arise from steric consider- 
ations as bulky binding moieties may not be accommodated 
easily in the restricted space between protected clusters. As a 
consequence of these possible steric interactions, the DNA helix 
may be strained in SV40 but not in monkey DNA. There is some 
experimental evidence to support this view. Our previous studies 
have shown the presence of several specific sites of enhanced 
DNase I cleavage in sequences just outside the footprint region 
in SV40, whereas such sites are not found in sequences flanking 
the monkey 8 Sp! binding region (ref. 2; W.S.D. et al., unpub- 
lished data). 

Our results confirm the notion that structural moieties within 
the repeated GC boxes make a significant contribution to the 
sequence-specific binding of Spl. However, one of the more 
striking findings from the dimethyl sulphate protection experi- 
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Fig.5 Stereoscopic representations 
of Spl binding regions within SV40 
and the cellular monkey promoter 
sequences. The two Spl binding 
regions have been aligned for 
maximum homology. a, Side view of 
SV40 (top helix) and monkey (bot- 
tom helix) binding sequences. The 
DNA sequences projected corre- 
spond to the approximate limits of 
the DNase footprint region. The 
GGGCGG sequences are high- 
lighted in green and the surrounding 
DNA sequences represented in blue. 
The yellow spheres designate the van 
der Waals’ radii of the guanine N-7 
residues in close contact with Spl 
and strongly protected from methy- 
lation. b, SV40 (red helix) and mon- 
key (orange helix) Spl binding 
regions viewed at an oblique angle 
to accentuate the location of close 
contact points within the major 
groove of the DNA helix. c, SV40 
(left) and monkey (right) binding 
sequences are viewed down the axis 
of the helix. The positions of contact 
points with Spl are shown as white 
spheres around the DNA axis. The 
Sp|-DNA contacts were projected 
in three dimensions with the assist- 
ance of Dr Judith McClarin at the 
Computer Graphics Laboratory 
(University of California, San Fran- 
cisco) as described by Jones and 
Tjian”. 


ments is that the GC boxes are markedly nonequivalent. This 
implies either that sequences outside the boxes are important 
in determining the course of binding, or that the placement of 
the boxes with respect to each other favours certain interactions 
at the expense of others. It is interesting to note that GC box 
IV, which lies in the middle of the SV40 binding region but is 
not protected from dimethyl sulphate, has been shown pre- 
viously to contain a site hypersensitive to DNase I cleavage’. 


Strand specificity and multiple binding sites 


The fact that we have observed binding only to one DNA strand 
may reflect bias inherent in our technique, because the reactive 
moiety we have examined in the major groove is found only in 
guanine and because the late-sense strand of the DNA is sig- 
nificantly more guanine-rich than the early-sense strand. 
However, the one guanine residue in the early strand of each 
GC box was never protected from methylation. This degree of 
strand specificity has not been observed with most prokaryotic 
DNA binding proteins, although there is some precedent among 
other eukaryotic proteins. Transcription factor IIIA, for 
example, which binds to and activates the genes for 5S RNA, 
makes contact primarily with the nontemplate strand of the 
DNA”, 

Previous observations have shown that Sp1 binds to an exten- 
ded and internally repetitious region in both the viral and cellular 
DNAs. The overall length of the DNase footprint can be as 
little as 18 bp of complete protection in the monkey a site anc 
as much as 55 bp in the monkey £ site (ref. 2; W.S.O. et al., 
unpublished data). In addition to this length heterogeneity, tht 
dimethyl sulphate protection experiments indicate that the inter 
nal structure of the binding region varies also. In particular, tht 
rotation of the central contacts in the £ site relative to SV4( 
suggests a degree of flexibility in the final conformation of the 
Sp!-DNA complex. 












ay accomodate multiple protomers of Spl, with each protomer 
nteracting independently with a subset of sequences in the 
region. The existence of such individual sites can be tested using 
mutants altered in single GC boxes or variants naturally contain- 
ing only one or two GC boxes. We have begun to analyse a set 
of such DNA templates, some of which were generated by 
oligonucleotide site-directed mutagenesis of the Spi binding 
region in SV40. Preliminary results support the multi-site model 
(D.G., H. Barerra-Saidana, K. Takahashi, P. Chambon and R.T., 
‘unpublished results; K. A. Jones and R.T., unpublished results; 
W.S.D. et al, unpublished results). 

















Spl binding and transcriptional activation 


‘Unlike the recognition sites for prokaryotic transcription factors 
such as phage repressors or the cyclic AMP receptor proteins, 
‘the Spi binding regions contain no sequence palindromes and 
are markedly asymmetric in base composition. Despite this 
asymmetry, there is good evidence that the Sp|-dependent tran- 
scription of SV40 occurs on both strands of the DNA. Addition 
of Sp] to an in vitro transcription reaction results in the appear- 
sance of two transcripts that initiate on opposite strands at 
locations approximately equidistant from the centre of the bind- 
ing region’. Inversion of the SV40 21-bp repeats results in a 
promoter remaining competent to direct viral RNA synthesis in 
the early direction in vivo’. 

We are thus left with a paradox in which binding of a factor 
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These findings support the notion that some binding regions to an asymmetric sequence results in symmetric 















transcription. If activation proceeds by protein-protein contact, 
similar protein recognition sites would then occur at either end 
of an asymmetric molecule. If, however, the Sp? effect proceeds . 
via a perturbation of the helix, one might expect not only that. 
the effect on transcription could propagate in both directions 
but also that some variation could be tolerated in the distance 
between the binding site and the start of transcription. In support’ 
of this idea, alteration of sequences in the 21-bp repeats has 
been reported to affect late transcription from sites as far away 
as 200 bp*° 

There is no direct evidence that Spl is bound to DNA in vivo. 
In one recent DNase hypersensitivity study, however, SV40 
minichromosomes appeared to have a small protected region in 
the 21-bp repeats, flanked by regions of hypersensitivity extend- 
ing to either side’. Final proof of the in vivo role of Spl, as 
well as a more complete understanding of the nature of the 
binding interaction, awaits identification of the active molecu 
and development of improved techniques for measuring its 
interaction with the chromatin template in situ. 
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The complete c amino acid sequence of one of the polypeptide chains of the human T3/T-cell receptor complex, the T3 

glycoprotein (T3-6-chain) of relative molecular mass 20,000, was deduced from cDNA clones derived from HPB-ALL cells 
and a human T-cell clone. Inspection of the 171-amino acid sequence reveals a signal peptide, a 79-amino acid extracellular. 
domain, one transmembrane region and a 44-amino acid intracellular domain which show no sequence homology with 
members of the T-cell receptor/immunoglobulin/MHC multi-gene family. The T3 8-chain is coded for by a single-copy 


gene the expression of which is restricted to T lymphocytes in humans and mice. 





T LYMPHOCYTES have a central role in immune responses, 
eliminating cells that appear to be foreign and regulating the 
activities of other immune cells, including the antibody- 
: ducing B cells. Specific receptors are involved in antigen 
Ti gnitión by T-lymphocyte clones. Recently, it has been found 
that j in humans and. mice these T-cell receptors are sulphydryl- 
linked heterodimers, which consist of two glycosylated polypep- 














tide chains (a@- and B-chains) of relative molecular mass (M,) 
37,000-50,000 (37K-50K)'*. In addition, , genes encoding both 
the a- and B-chain have been isolated*”’. On the surface of- 
human lymphocytes, the clone-specific (clonotypic) a- and B- 
chains of the T-cell receptor are associated with the three invari 
able T3 proteins, forming the so-called T3/T-cell receptor com- 
plex*'°. These T3 polypeptide chains have M, of 25K m 
























































































-chain were selected for synthesis of oligonucteo- 





Amine Acid z 
tides. Probe 1 contained 576 different 19-mers with gesidus Lys 
“nucleotide sequences complementary to amino acid 

residues 2-8. Probe 2. contained 128 different 15-mers 
predicted from amino acid residues 12-16. Probe | predicted A 






represents (+ )strand DNA and probe 2 (~Jstrand MANA sequences 3° AA 


DNA. The oligonucleotide mixtures were chemically 
synthesized by the solid-phase phosphotriester 
method on an inorganic solid support and purified 
by HPLC as described previously’***. b, Result of x 
second-strand synthesis using the 19-mer oligonu-  {+)Strand ONA 5% A 
cleotide mixture as primer. The ~0.62-kb cDNA  t9-mer G 
product that is bracketed was used to generate the 
DNA library. O, Origin: XCFF, xylene cyanole FF. 
Methods: Total mRNA was extracted from HPB- 
ALL cells by lysis in a buffer containing 6M 
guanidine hydrochloride”. Poly(A)” RNA was iso- 
lated by selective retention to oligo(dT) cel- 
lulose?”"*, 2 ug of poly(A)” RNA were converted 
to cDNA in the presence of 50 mM Tris-HCI pH 8.3, 
i mM each of the deoxynucleotide triphosphates 
(dNTPs), 50mM KCI; 10mM MgCl, 10mM 
dithiothreitol, 18 pg ml”! of oligo(dT),2.13, 40 U n 
placental RNase inhibitor and 400 U mi”? reverse 
transcriptase (Life Sciences Inc.) in a final volume 
of 100 pi. Incubation was carried out for 90 min at 
42°C, The reaction was stopped by the addition of 
EDTA to a final concentration of 20 mM and the 
mRNA template was removed by alkaline hydroly- 
sis**, After neutralization and phenol extraction, 
unincorporated dNTPs were removed by gel filtra- 
: tion through a 1-ml Sephadex G-50 spin column”. 
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Residue Val 


Predicted mRNA 5° GU 
sequences G 
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ychain) and 20K (T3 ô- and e-chains). The T3 y- and T3 
-chains are glycoproteins whereas the T3 e-chain contains no 
detectable oligosaccharides*''"'*, The three T3 polypeptide 
¿chains are structurally unrelated to each other as determined 
by peptide mapping, N-terminal amino acid sequencing and 
their reactivity with an antiserum prepared using a synthetic 
:peptide representing the 14 N-terminal amino acids of the T3 
6-chain'’, 

'.. The T3 6-chain is of particular interest because a monoclonal 
antibody that binds specifically to this glycoprotein is mitogenic 
-For peripheral blood T lymphocytes'®. This property had been 
ascribed earlier to other anti-T3 monoclonal antibodies, the 
exact target structure of which was unknown'’-*°. When isolated 
from the plasma membrane, the T3 6-chain has a polypeptide 
backbone of 14K after removal of N-linked oligosaccharides 
with endo-B-N-acetylglycosaminidase F (Endo-F)*"*. In pulse- 
chase experiments using *°S-L-methionine and °°S-L-cysteine, a 
23K intermediate was detected which was sensitive to endogly- 
sidase H (Endo-H) and Endo-F and which had a polypeptide 
backbone of 16Kë. The N-terminal amino acid sequences of the 
23K and 16K intermediates were identical to that of the 14K 
T3 (ref. 15). These observations indicated that both oligosac- 
-charide and proteolytic processing might take place during the 
maturation of the T3 é-chain. An alternative interpretation 
“which postulated that the 16K product was an intermediate in 
the deglycosylation experiment could not be excluded, however. 
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0.375 pg of oligonucleotide probe | to be used as primer was 5’-end labelled with 100 pCi of [ y- P]ATP (5,000 Ci mmol™', ICN Radiochemicals) and 20 U T4 
polynucleotide kinase (BRL). The reaction was stopped by adding EDTA to a final concentration of 20mM. Following phenol extraction, the 5jabelled 
oligonucleotide mixture was added to the cDNA and both were recovered by ethanol precipitation in the presence of 0.3 M NaAc, pH 5.5. The pellet was washed 
once in 70% ethanol and resuspended in 67 pi of 104mM KCI, 45 mM Tris-HCI pH 7.5 and 6mM MgCl,. The primer was annealed to the cDNA by heating for 
5 min at 68°C followed by slow cooling to room temperature. Before second-strand synthesis, the mixture was kept in ice for 1h. Second-strand synthesis was 
initiated by the addition of dNTPs to a final concentration of 0.5 mM, 2-mercaptoethanol to a final concentration of 0.5 mM and 10 U DNA polymerase I (Klenow 
fraction). This mixture, in a final volume of 100 yl, was incubated for 20h at 15°C, 20 U reverse transcriptase was added and incubation was continued for Lh 
at 37 °C. The enzymes were inactivated by the addition of EDTA to a final concentration of 20 mM. Proteins were removed by phenol extraction and double-stranded 
(ds) CDNA was recovered by ethanol precipitation following gel-filtration through a t-m! Sephadex G-50 spin column. The termini of the ds cDNA were trimmed 
with 30 Umi”! of S, nuclease in the presence of 0.3 M NaCl, 0.03 M NaAc pH 4.5 and 10mM ZnCl for 30 min at 37°C in a final volume of 100 wl. Following 
phenol extraction and ethanol precipitation, the cDNA was size-fractionated in a 5% polyacrylamide gel and a specific product of ~0.6 kb was detected after 
autoradiography. This product was excised from the gel and DNA was isolated and purified as described by Maxam and Gilbert”, Homopolymeric dC tails were 
added using 20 U of terminal transferase (BRL) in the presence of 0.6 M sodium cacodylate pH 7.19, 0.5 mM dithiothreitol, 2.5 mM CoCl;, 0.5 mg ml”’ bovine 
serum albumin (BRL) and 5 uM dCTP in a final volume of 50 wl for 20 min at room temperature’”. After enzyme inactivation and phenol extraction, ds cDNA 
was recovered by ethanol precipitation, annealed to Pstl-digested, (GMP-tailed plasmid vector pBR322 and used to transform E. coli MC1061 (ref. 40) to 


as 


tetracycline resistance. A selected cDNA library of ~7,000 members was generated by plating the cells directly onto nitrocellulose”. After replica-plating and 
amplification, the DNA was denatured and fixed onto the filters as described elsewhere”. The filters were hybridized overnight at 36 °C (probe 1) or 26°C (probe 
2) in 6xSSC. (1 x$$SC =0.15M sodium chloride and 0.015 M sodium citrate).1 X Denhardt’s solution (0.02% each of Ficoll 400, bovine serum albumin and 
polyvinylpyrrolidone), 0.05% sodium pyrophosphate, 100 pg mi”? of yeast tRNA and 10’ c.p.m. mi”! of 5'.?*P-labelled oligonucleotide probe | or 2 (specific 
activity ~4 10" c.p.m. pg™'). Filters were washed extensively at room temperature in 6 x SSC plus 0.05% sodium pyrophospate followed by stringent washes at 
44°C (probe 1) or 34°C (probe 2) in the same buffer. The filters were exposed to Kodak XAR-5 film at ~70°C using an intensifying screen. One cDNA clone 
(pPGBC-1) with an insert of 0.62 kb which hybridized to both probes was identified. 


Here we describe the isolation and characterization of cDNA 
clones that encode the complete amino acid sequence for the 
T3 6-chain, The predicted M, of the T3 -polypeptide chain is 
16,719. This was confirmed by analysis on SDS-polyacrylamide 
gel electrophoresis of an in vitro translation product after hybrid 
selection. Taken together with our previous observations, these 
data provide strong evidence that proteolytic processing occurs 
at the C-terminus of the T3 5-chain. Further inspection of the 
amino acid sequence revealed an 79-amino acid extracellular 
domain and a 44-amino acid intracellular domain separated by 
a transmembrane region of 27 amino acids. The amino acid 
sequence of this T3 chain shows no sequence homology with 
T-cell receptor a- and B-chains, immunoglobulins or T-cell 
surface structure Thy-1. T3 5-chain mRNA was detected only 
in human haematopoietic celis of T-lineage. In murine helper 
T lymphocytes, a mRNA of similar size has been detected. 


Isolation of cDNA clones 


Plasmids with inserts coding for the T3 6-chain were isolated 
from complementary DNA libraries using synthetic oligonucleo- 
tide mixtures as hybridization probes. From the available N- 
terminal amino acid sequence’, a 19-mer and a 15-mer oligonu- 
cleotide mixture was synthesized consisting respectively of 57€ 
and 128 different sequences (Fig. la). First, in order to enrich 
for T3 8-chain-specific sequences by size selection and to ascer- 
tain the presence of N-terminal protein coding sequences in the 
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Fig.2 Nucleotide sequence and predicted amino acid sequence 
of the T3 5-chain. a, Partial restriction map of the T3 4-chain and 
strategy for sequencing of clones pPGBC-1, pPGBC-8 and pPGBC- 
9, Ddel, BamHI, Mboll, Xbal and the PstI cloning sites were 
3’-labelled with either terminal transferase and [a->?P]ddATP 
(NEN) or DNA polymerase I(Klenow fraction) and [a-°?P] dNTPs 
(ICN) and 5’-labelled with T4 polynucleotide kinase and [-y-*?P]- 
ATP. One-end-labelled fragments were generated either by 
cleavage with a second restriction enzyme or by strand separation 
using polyacrylamide gels as described elsewhere". Fragments 
were isolated and purified from these gels and subjected to chemical 
degradation according to Maxam and Gilbert”. O-» 3'-labelling, 

© @-—.5'-labelling. b, Nucleotide and deduced amino acid sequences 
< of the T3 .8-chain. The deduced amino acid sequence is shown 
‘below. the “nucleotide sequence. The N-terminal. amino acid 
sequence derived from protein sequencing of the in vive product 
ois boxed and shown. above the nucleotide sequence. The cysteine 
_tesidues are circled and the dashed lines covered the stretches of 
hydrophobic amino acids. Possible sites for Asn-linked glycosyla- 
tion are indicated (@) and the Se ese asda signal (AATAAA) 

is underlined’ 


cDNA, the 19-mer oligonucleotide mixture (probe 1) was used 
as primer for second strand synthesis (Fig. 1b). This approach 
‘generated a selected cDNA library of ~7,000 colonies in 
Escherichia coli MC 1061. Subsequently, the library was screened 
with °?P-labelled probes 1 and 2 and one cDNA clone hybridiz- 





pron ee was isolated. The cDNA insert of this clone 
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Fig. 3 Hydropathicity plot of the T3 6-chain. The hydropathicity 
values of each amino acid have been determined using the weight 
system of Kyte and Doolittle”. The average hydropathicity value. 
at residue i is calculated across 6 residues from i--3 through and 
including i+2. Positive values indicate hydrophobic regions and 
negative values represent hydrophilic segments. The one-letter 
amino acid nomenclature is used. A 


2x10% colonies made with messenger RNA from the huma 
T-leukaemic cell line HPB-ALL. This cDNA clone, which:ha 
a 200-base pair (bp) insert, contained only the 5’ end of t 
mRNA and has 111 nucleotides in common with the insert o 
pPGBC-1. We also used the insert of pPGBC-1 to screen’a. 
cDNA library which had been prepared from mRNA of a human. 
T4*T8~ T-cell clone according to the method described by. 
Okayama and Berg (refs 21, 22 and G. Nabel and J. Tseng, 
manuscript in preparation). From this amplified library of 30,000. 
primary colonies, one cDNA clone was isolated which contained 
an insert of 0.7 kb (pPGBC-9). To provide evidence that the: 
cDNA clones were. coding for the T3 6-chain, nucleotide 
sequence analysis was conducted according to the methods 
designed by Maxam and Gilbert”. 


Nucleotide and protein sequences 


Figure 2 shows the sequencing strategy and the nucleotide. 
sequence of the 698 nucleotides of clones pPGBC-1, -8 and’-9 
The combined sequences of pPGBC-i and -8 obtained from 
HPB-ALL cells and the sequence of pPGBC-9 obtained from a 
T4°T8~ T-cell clone are identical. A long open reading fram 
starts with an initiation coding ATG at position 97 and end 
with a termination codon TGA at position 610. The 3’-untrans 
lated region is 89 bp long, as indicated by the presence of an: 
AATAAA sequence followed by a poly(A) tail 17 nucleotides: 
downstream. The amino acid sequences from which the oligonu- - 
cleotide probes were derived were found in the amino acid 
sequences predicted from the nucleotide sequence. Moreover, 
all 10 other amino acids known from the protein sequence data 
were found at the correct positions in the predicted amino acid. 
sequence. Thus, the nucleotide sequence data provided concl 
ive evidence that the three cDNA clones encompass the codi 
information for the T3 6-chain. : 

The predicted 171-amino acid sequence itself shows some 
interesting features. The 21-amino acid long N-terminal signal 
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Fig. 4 SDS-polyacrylamide gel electrophoresis of the in vitro 
translation product of the T3 6-chain mRNA. a, Lane 1, no RNA; 
> lane 2, T3 6-chain-selected mRNA; lane 3, Endo-F-treated anti- 
Leu-4 immunoprecipitate. b, Schematic representation of a. Num- 
“bers indicate the M, values of the protein products discussed in 
the text. 
Methods: 20 ug of pPGBC-1, digested with PstI, was spotted onto 
¿ia nitrocellulose filter after denaturation. Poly(A)” RNA was 
annealed to the bound T3 6-chain cDNA in a buffer containing 
70% formamide, 10 mM HEPES pH 6.8, 5 mM EDTA, 0.3 M NaCl 
and 0.2% SDS for 4h at 47 °C. Following extensive washes with 
1 xSSC, 0.5% SDS at 47°C, the annealed RNA was released in a 
solution containing 90% formamide, 10mM HEPES, I mM 
EDTA; 0.1% SDS and 25 pg ml"! calf liver tRNA at 47°C. T3 
~ 6-chain-specific mRNA was isolated by ethanol precipitation in 
the presence of 0.2 M NH,Ac, pH 5.5. The mRNA was translated 
in a rabbit reticulocyte system (BRL) in the presence of *5S-L- 
. methionine (Amersham). The products were electrophoresed in a 
12.5% polyacrylamide SDS gel and compared with deglycosylated 
T3 proteins. For this preparation cells from the T-leukaemic cell 
line HPB-ALL were metabolically labelled with 1 mCi of *°S-L- 
methionine and 1 mCi *°S-L-cysteine (Amersham). The 20K pro- 
teins of the T3 complex were isolated by immunoprecipitation with 
the monoclonal antibody anti-Leu-4 as described previously®. The 
immunoprecipitate was subsequently treated with Endo-F as 
.. described elsewhere", Following electrophoresis, the gel was 
treated with EN Hance (NEN), dried and exposed to Kodak 
XAR-S film at ~70°C. 





eptide comprises a core of 19 hydrophobic amino acids which 
‘flanked by two polar amino acids. Further analysis of the 
distribution of polar and nonpolar amino acids along the T3 
5-polypeptide chain (Fig. 3) reveals the presence of a hydro- 
‘phobic segment (residues 80-106 in Fig. 2) which probably 
represents the transmembrane portion of the molecule. Although 
‘there is one aspartic acid residue (at position 90 in Fig. 2) in 
this stretch of hydrophobic amino acids, the negative charge of 
his amino acid does not influence the overall hydrophobic 
character of this stretch of amino acids (Fig. 3). The presence 
of charged amino acid residues in transmembrane segments has 
been observed in class I and class II antigens of the major 
histocompatibility complex (MHC) and T-cell receptor a- and 
B-chains**”*>_ The unusual presence of a positively charged 
residue (Lys) in the T-cell receptor a- and -chains suggests a 
‘possible salt bridge between one of these chains and the T3 
‘é-chain. 

‘The first 79 N-terminal amino acids of the T3 6-chain contain 
two potential sites for asparagine-linked oligosaccharides 
{residues 17 and 53, Fig. 2), in agreement with our previous 
ndo-H and Endo-F studies of the mature protein", The 
relative positions of the two oligosaccharide side chains and the 
transmembrane segment suggest that the 79 N-terminal amino 
“acids are located on the extracellular side of the plasma mem- 
_ brane, and that residues 107-150 are intracellular. Interestingly, 
- the intracellular sequence just C-terminal to the transmembrane 
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Fig. 5 Northern blot analysis of T-cell and non-T-cell RNA for 
the presence of T3 6-chain specific mRNA. RNA from the follow- 
ing sources was used: a, Lanes 2, 8, human T-leukaemic cell line 
HPB-ALL; lane 3, HeLa cells; lane 4, human fetal brain; lane 5, 
human bone marrow; lane 6, human B-lymphoblastoid cell line 
JY; lane 7, human T-leukaemic cell line Molt-4; lane 9, T- 
leukaemic cells from a Sézary syndrome patient (T3*, T4*, T8~); 
lane 10, human thymus; lane 11, human T-leukaemic cell line 
JM-2. Lanes 1 and 12 represent a 5’-end-labelled Hinf digest of 
simian virus 40 DNA (SV40) DNA used as size markers. b, Lane 
1, murine L-cells; lane 2, murine B-cell hybridoma A20; lane 3, 
murine T-T hybridoma (T-helper cell) B3C6; lane 4, murine T-T 
hybridoma (T-helper cell) B8C3; lane 5, human HPB-ALL cells; 
lane 6, human Molt-4 cells; lane 7, SV40 x Hinf size markers. 
Numbers on the right-hand side indicate the size (in bases) of 
some of the fragments of SV40 generated by Hinf digestion of 
20 pg of total RNA (a, lanes 2-5) or 4.5 yg of poly(A)* RNA (a, 
lanes 6-11, and b, lanes 1-6) were separated by electrophoresis in 
1% agarose-formaldehyde gels*® for 6h at 5.5 Vcm™'!. Following 
partial alkali hydrolysis, the RNA was transferred to nitrocellulose 
as described elsewhere’, The blot was baked for 2h at 80°C, 
washed once in 3 xSSC, 0.2% SDS for 30 min at 65°C and once 
in the same buffer for 30 min at 80 °C. The filters were prehybridized 
in a buffer containing 3 x SSC, 5 x Denhardt's solution, 0.5% SDS. 
0.05% sodium pyrophosphate and 100 ug ml~! of denatured sal- 
mon sperm DNA for 4h at 65 °C. Hybridization was performed 
for 16h at 65°C in a buffer containing 3 xSSC, 1 x Denhardt's 
solution, 0.05% sodium pyrophosphate, 100 pg mi~’ denatured 
salmon sperm DNA and 5x10%c.p.m.ml~! pPGBC-1 cDNA 
insert, >?P-labelled by nick-translation. Following hybridization, 
the filters were washed three times at room temperature in 3 x SSC, 
0.1% SDS and twice at 65°C in the same buffer for 15 min each. 
The blots were exposed to Kodak XAR-5 film at —70 °C using an 
intensifying screen. 


region does not contain the stretch of positively charged amino 
acids frequently observed in other membrane proteins”. 
Comparisons between the nucleotide and protein sequences 
of the T3 6-chain and the T-cell receptor a- and 8-chains using 
the NUCALN and PRTALN programs show no strong 
homologies and no significant homologies between the T3 ô- 
chain and immunoglobulin polypeptide chains or rat and murine 
Thy-1. The latter glycoprotein has often been thought of as the 
murine T3 equivalent". Further searches using the Wilbur- 
Lipman search program for homologous protein sequences in 



















-ces, Lanes 1, HPB-ALL DNA; lanes 2, thymus 
“DNA. 10 ug of cellular DNA was digested with 
: EcoRI (a) of BamHI (b). DNA fragments were 
“separated in a 1% agarose slab gel and blotted 
onto nitrocellulose after denaturation of the 
DNA in the gel**“. T3 5-chain-specific sequen- 
ces were detected by hybridization with a “P- 
labelled T3 6-chain cDNA insert of pPGBC-1. 


the Dayhoff database were unsuccessful”®. The T3 6-chain, 
unlike the a- and B-chains of the T-cell receptor, therefore seem 
not to belong to the immunoglobulin/ MHC/T-cell-receptor 
multi-gene family. 


Protein processing 


The M, of the protein backbone of the T3 5-chain was estimated 
from the predicted amino acid sequence at 16,719, apparently 
larger than the 14K measured for the deglycosylated membrane 
bound T3 §-chain. We therefore determined the size of the 
protein product of the T3 5-chain mRNA following in vitro 
‘translation. Poly(A)” mRNA from HPB-ALL cells was hybrid- 
ized to clone pPGBC-1 immobilized onto a nitrocellulose filter. 
After removal of the unattached mRNA by several washes, the 
annealed mRNA was released and translated in vitro in a rabbit 
reticulocyte system. Figure 4 (lanes 2) shows that a 19K protein 
was synthesized from this mRNA and migrated considerably 
more slowly than the deglycosylated T3 6-chains—the 14K and 
16K products (lanes 3)—-because the in vitro translation product 
contained the signal peptide (2.2K) which is not removed by 
proteolysis in the reticulocyte translation system. This demon- 
strated that the T3 &-polypeptide chain indeed has a M, of 16K. 
Because we consistently find a protein backbone of 14K on 
deglycosylation of the membrane-bound T3 6-chain, a pro- 
“teolytic step must have occurred to convert the 16K into the 
14K backbone. As we have determined previously that the 16K 
product had an N-terminal sequence identical to the 14K 
species, it seems that a C-terminal fragment of the T3 -chain 
-is removed by proteolysis. 


Expression of T3 6-chain mRNA 


Monoclonal antibodies directed at the T3 complex (OKT3, 
‘Leu-4, UCHT1) have shown that it is present on all human 
peripheral blood thymocytes, medullar thymocytes and to a 
lesser extent on cortical thymocytes?" To examine expression 
of the T3 6-chain mRNA, several haematopoietic and other 
cells were analysed by Northern blot analysis (Fig. 5). T3 5-chain 
mRNA was detected in thymocytes, peripheral blood lym- 
phocytes and T-leukaemic cells, but not in the B-lymphoblastoid 
cell line JY, bone marrow cells, HeLa cells or fetal brain tissue 
(Fig. Sa). This demonstrated that the T3 6-chain mRNA is 
present in cells of T lineage only. 

Studies with monoclonal antibodies directed at murine T 
lymphocytes have not resulted in the detection of a murine T3 
equivalent. This is somewhat surprising in view of the strong 
structural similarity between the human and murine T-cell recep- 
tor æ- and B-chains'*. Northern blot analysis using the insert 
of the cDNA clone pPGBC-1 as hybridization probe revealed 
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Fig.7 A model for the T3 ô-chain. General features of the 
organization of the T3 8-chain. CHO are the N-linked glycosyla- 
tion sites. The arrows indicate the area of proteolytic processing. 
Stretches of hydrophobic amino acids are represented by the series 
of diamonds. L represents the leader sequence, TM the trans- 

“ecmmembrane region and C and N, cysteine and asparagine residues 

“respectively. The numbers refer to the relative positions of the 
“Methionine initiator codon, the first amino acid of the mature 

“protein, the termination codon, the position of the cysteine residues 

al and the transmembrane region. 








a.0.7-kb mRNA in the T-T hybridoma lines (T helper) B8C3 
and B3C6 (Fig. 5b). In contrast, no obvious hybridization was 
observed with RNA from B-cell hybridoma A20 or from L-cells. 

Taken together, the analysis of human and murine mRNAs 
shows that expression of the T3 6-chain is restricted to T lym- 
phocytes. Furthermore, the existence of a T3 6-chain. mRNA 
isolated from murine lymphocytes provides the first evidence 
that a murine T3 6-chain equivalent exists. 
























































Genomic representation of T3 6-chain 


Genomic DNA isolated from HPB-ALL cells and thymocyte 
was analysed by Southern blot analysis after digestion with 
EcoRI and BamHI, respectively. The T3 -chain is located in 
both HPB-ALL cells and thymocytes on a single 13-kb EcoRI 
fragment (Fig. 6a). Digestion with BamHI, which has a cleavage 
site in the deduced cDNA sequence at position 396, produce 
only two fragments of 3.3 and 2.2 kb (Fig. 6b). These findin 
indicate that the T3 6-chain is represented as a single-copy gene 
in the genome. i 


Discussion 


Several conclusions can be drawn from the amino acid sequen 
derived from cDNAs encoding the T3 5-chain. The transme 
brane segment consists of a stretch of 27 predominantly hydr 
phobic amino acids (residues 80-106 in Fig. 2) which is interru 
ted by an aspartic acid (residue 90 in Fig. 2), Asp 90 could form 
a salt bridge with the Lys residue in the transmembrane segment 
of the T3/T-cell receptor œ- or B-chain**’. This type of bond 
would be pronounced due to the low dielectric constant of the 
hydrophobic environment. Unlike several other transmembrane 
segments, the T3 -chain hydrophobic domain does not contai 
a high level of a-helix-forming residues. Furthermore, thi 
intracellular domain is not immediately followed by a string of 
positively charged amino acids, as in most transmembrane pro- 
teins™. Perhaps association with the other transmembrane 
chains of the T3/T-cell receptor complex compensates for the 
need for such a positively charged area in the molecule. It is 
unlikely that the T3 6-chain has a hairpin configuration, because 
protease K experiments with ‘inside-out’ microsomal vesicles 
showed that all components present in anti-T3 immunoprecipi 
tates span the plasma membrane'*. The T3-5-chain can therefore — 
be divided into two functional domains: an extracellular one of 
79 amino acids, with two N-linked oligosaccharides, and a 
cytoplasmic domain of 44 amino acids (Fig. 7). This cytoplasmic. 
domain is larger in relation to the extracellular compartment 
than are the T3/T-cell receptor a- and B-chains, perhaps reflect-: 
ing the signal transferring function of the invariable T3 chai 
as opposed to the ligand binding function of the clonotyp 
T-cell receptor heterodimer. oe 

The primary translation product of the T3 5-chain has a M, 
of 19K, including a 2.2K signal peptide. This observation, com- 
bined with our previous finding that on deglycosylation a 16K 
and a 14K product are formed, strongly suggests a proteolytic 
processing step. Indeed, pulse-chase experiments have shown 
that a 23K intermediate may be converted into one of the 20K 
T3 bands. This 23K species could be converted to a 16K protein 
backbone with Endo-H whereas the 20K species could be con: 
verted into the 14K protein". In contrast, mature 20K T3; isolated 
from a membrane fraction was always converted into a 14K 
protein after treatment with Endo-F. As the 14K and 16K T3 
fragments have the same N-terminal sequences, the proteolytic. 
processing must have occurred in the C-terminal cytoplasmic 
portion of the T3 6-chain (Fig. 7). In view of the fole of T3 in 
T-cell activation, it is interesting to speculate that this proteolytic 
processing may be involved in the activation of T lymphocytes: 
following the binding of antigen to the T-cell receptor. 

The distribution of the half-cysteine residues is somewhat 
unusual in that two are directly N-terminal to each of the 
asparagine-linked oligosaccharides. Another cysteine lies in the 
transmembrane region, a characteristic of several of the MHC 
class T antigens*’. Protein fragmentation studies (J.B. and CT, 
unpublished) suggest that intra-chain sulphydryl bridges -may 








































ere is no evidence for their involvement in inter-chain disul- 
phide bridges with the other chains of the T3 complex. 

< The gene for the T3 6-chain seems to be a single-copy element 
xpressed in all T lymphocytes. Furthermore, comparisons with 
other known protein sequences indicate that the T3 6-chain is 
a unique polypeptide. Several groups have argued that T3 has 
an analogous role to Thy-! in the murine T lymphocyte. Indeed, 
monoclonal and conventional anti-Thy-1 antibodies are 
mitogenic for murine T lymphocytes’”*, as are anti-T3 reagents. 
However, the data presented here demonstrate that no sequence 
-homology exists between the T3 6-chain and Thy-1. In addition, 
whereas the Thy-1 antigen is expressed on neuronal cells, the 
T3 8- and the e-chains are not’. As the T3 e-chain is not 
glycosylated and is probably a protein with multiple membrane 
“segments, the only possible Thy-!-like member of the T3 com- 
plex is the 25K T3 y-chain. 

Our data demonstrate the existence of a murine equivalent 
of the human T3 6-chain. The fact that this polypeptide chain 
has never been detected on the cell surface with murine anti- 
badies specific for murine T lymphocytes may be due to its lack 
f genetic polymorphism. Indeed, comparison of human T3 
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not revealed any polymorphism in man" 


The structural studies described-here provide a basis from 
which to study the biosynthesis, surface expression and function. 
of the T3 complex in a variety of different lymphocyte clones, 
and during T-cell differentiation. The extent of- association 
between the T3 6-chain and the. clonotypic heterodimer: is 
obviously determined by the properties. of all five components 
of the T3/T-cell receptor, and this association may in fact'govern. 
the functional response following the binding of antigens to its 
receptor. In such a model, the T3 6-chain may be involved in 
transducing a signal to the intracellular compartment. 
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It has been found that most immunoglobulin heavy(H)-chain gene diversity (D) segments carry their own 5’ transcriptional 
promoter element. Transcription of rearrangements which use heavy-chain D and joining (J) segments in B-lymphoid cells 
ultimately leads to the production of a Dy messenger RNA which contains the DJ, segments linked to the y heavy-chain 
constant region. If the D is joined to the J,, segment in the appropriate translational reading frame, this Dp mRNA is 
translated to yield a short Dy protein with a variable DJ, N-terminus. 





THe variable region of a classical immunoglobulin heavy-chain 
- gene is assembled from three germ-line components: the variable 
Va) segment, the diversity (D) segment and the joining (Jy) 
‘segment’ *. These segments lie upstream of the constant (C) 
region, The D segment has an important role in this somatic 
‘gene assembly process by mediating the joining of Vu and Jy 







elements. This joining process is ordered: a D element combines 
first with a J, element to form a DJ, complex to which a Vy 
element is subsequently appended’. In the expressed Vy domain, 
the D sequence encodes part of the third complementarity- 
determining region and is thus important in generating antibody 
diversity’. Twelve D elements, 1-80 kilobases (kb) upstream 
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Intracellular -chain 


Fig. 1 Expression of truncated heavy-chain gene products in 
A-MuLV transformants. Approximately 10” cells were lysed in 
phospholysis buffer“, the lysates reduced in the presence of mer- 
_captoethanol, fractionated by electrophoresis through 10% poly- 
“acrylamide gels’ and electrotransferred to a nitrocellulose filter 
for 4h at-150 V in a Transblotter (Biorad). Nonspecific binding 
“sites. on the filter. were saturated by a 5-h incubation in a 10% 
casein/ phosphate-buffered saline (PBS) solution and the bound u 
chains detected by a sandwich technique using a goat anti-lgM 
antiserum (a gift of A. Radbruch) and '**I-labelled monoclonal 
IgM antibody BI-8 (ref. 36). 


300-19 

A P S BgpPPPH P 

JH Jyt 
P 58 Bg PPh P 
Bha 
pam bh eee 

lkb DSP2 Probe dy Probe 
298-13 


Bg Bg 8g 89 5889 BIH B H 


A 


F P P P p p 


Unt dn? dH? dht 


B SH SB $8 6 H 
P Bg f p 
H 
DFLIG Probe 


Fig. 2 Restriction maps of cloned DJ,, alleles of 300-19 and 
298-13: The two DJ; rearrangements in each of these lines were 
arbitrarily designated as A or B. Individual rearrangements were 
isolated by cloning complete EcoRI-digested genomic DNA from 
the appropriate lines into Charon 16a and screening the resulting 
libraries for recombinants which hybridized to a J, probe as 
described previously’. Inserts from the appropriate recombinant 
phage were subcloned into PUC-9 and partial restriction maps 
constructed by single, double or triple digestions of the plasmid 
DNA with the indicated restriction enzymes (B, BamH 1; Bg, BglII; 
H, Hindili; P, Pst; 5, Sac). The J, part of the DJ,, complex is 
indicated by a darker line. The location of the Ja, DSP2 and 
FL16 probes are indicated below the restriction maps; the DSP2 
probe isa 500 bp Bg/lI- BstEI fragment from the DSP2J,, rear- 
rangement of P4-12 (see Table 1) which had a BstEI site at the 
Dily joint. The: DFL15 probe is a 100 bp Avall-Sau3A fragment, 
spanning the region ~120 to —10 in Fig. 3a, 





























































from the Jy locus, have been described in the mouse geno 
These elements comprise three families (5' to 3’), DFLI6 (two 
members), DSP2 (nine members) and DQ52 (one member)”. 

Transformation of bone marrow or fetal calf liver cells with 
Abelson murine leukaemia virus (A-MuLV) generates ‘per: 
manent lymphoid cell lines. Most transformants represent the 
pre-B stage of B-lymphocyte differentiation and provide a model 
system for the study of the early stages of immunoglobulin gene 
rearrangement and expression”. Some A-MuLV-generated lines 
produce an unusually small « heavy-chain messenger RNA an 
sometimes a small y protein’. We report here that the short 4 
mRNA sequences arise from the transcription of DJ,, rearrange 
ments and the short u proteins from the translation of ‘the 
resulting DJ,,C,-containing mRNAs (Du mRNA). Becaus 
most of the D segments have the potential for expression: afte 
juxtaposition to a J, segment, we suggest that they may have 
a function independent of their association with a Vy ge 
segment, 


A short -chain in A-MuLvV transformants 


We studied two lines which produce short u-chains, 300-19 and 
298-13 (ref. 10), derived from the bone marrow of NIH/Swis 
and BALB/c mice, respectively. The size of these u-chains wa 
determined by fractionating cell lysates from each line by elec- 
trophoresis through SDS-polyacrylamide gels, transferring: to 
nitrocellulose paper’ and detecting immunoglobulin chains by 
a sandwich technique using anti-IgM antisera and '**I-labelle 
monoclonal IgM antibody. We also analysed lysates from a 
control transformant (230-37) which produces normal-sized 
p-chains of molecular weight ~70,000 (70K) (Fig. 1, lane 1) 
Both the 300-19 and 298-13 lines clearly contained abnormally 
small x proteins of ‘approximately 57K (Fig. 1, lanes 2, 3) 
Furthermore, we confirmed that instead of the normal 2.4 an 
2.7kb u mRNAs which encode, respectively, the secreted an 
membrane-bound forms of the u protein'''*, the 300-19 an 
298-13 lines contain truncated C,-specific RNAs of 2.0 and 
2.3 kb; these species contain 3’ ends specific to the membra 
and secreted forms of the protein, respectively’. We suggest tha 
the truncated -chains are encoded by correspondingly trun. 
cated y mRNA species. 


Production of the short -chain 


Rearrangements of the Jy alleles in the 300-19 and 298-13 itd 
were detected and characterized by genomic DNA blotting 
assays using D- and J,,-specific probes as described previously’. 
These analyses indicated that each line had DJ,, rearrangement: 
at both Jų alleles (data not shown) and thus represented a very. 
early stage of B-cell differentiation’. To elucidate these rear- 
rangements further, we cloned EcoRI-digested genomic DNA © 
from the two lines into A phage Charon 16A and isolated 
recombinants which hybridized to a J,,-specific probe. We show 
the restriction maps of the cloned DJ,, alleles (denoted A and 
B) of each line (Fig. 2) and the nucleotide sequence around the 
DJa joints (Fig. 3a). These data indicate that both DJ, rear- 
rangements of the 300-19 line involved a J,,3 segment and. 
similar yet distinct DSP2 elements, whereas the DJ, rearrange- 
ments on the A and B allele of the 298-13 line involved joining 
of DSP2 to Jyul and DFLI16.1 to Jy2, respectively. All four of. 
these D elements carried the conserved recognition heptamer 
and nonamer sequences separated by the characteristic 12 base 
pair (bp) spacer’. The three DSP2 segments have a very similar 
5’ flanking sequence which differed from DFL16 in over 30% 
of the nucleotide positions. Each DJ, joint occurred in different 
positions of the D or Jy germ-line sequence, indicating the.’ 
flexibility of the joining process'*'*. For example, on allele A 
of 300-19 (Fig. 3a), the rearrangement event resulted in the 
deletion of most of the DSP2 coding sequence and a large part 
of the Ju sequence. This allele also had a 12-nucleotide sequence 
between the D and Jy segments which was not presentin the” 
germ-line sequence of either element; such ‘N-region’ sequences © 
(cross-hatching in Fig. 3) are thought to be generated de novo 
















able t- Expr Du RNA and Dy chain in lymp | tissues 
; Rearrangements ; a 
‘Cell line Allele A Allele B DSP RNA DFL RNA Dy protein 
Bone marrow 
300-19 DSP 3 DSPA,3 + ~ + 
300-~19P3 — DSPJ,,3 + a + 
300-19P18-7-7 DSPJ,3 — + -= = 
'300-19P8 VDI,3 VDJa3 ~ = ~ 
298-13 DSPJyt DFLI 42 + + + 
298-13-9 VDIy3 DFLJ 42 - + + 
P4-12 DSPJ44* DFLJ,4* + + s 
18-48 DFLJig ae ~ + = 
1-8 VDJy DFLJy - ND - 
3-1 VDJ VDJ, - ND - 
298-8 VDJy VDJ yy ~ ND = 
230-37 VD Jug VDJ = ND - 
Fetal liver 
2216.10 DFLJ,,4* DSPJ,3* + ND ~ 
22D6.C11 DFLJu4 DSP Jut + ND + 
22D7 DSPJiy, DFLJiy + ND ~- 
38B11 DFLJy DSPJ,4 + ND = 
3889 DFLJ,,* DSPJiy + ND + 
U40E1 DSPJa DSPJa + ND - 
40E4 DSPJ,* DSPJ,,* + ND - 
“40B3 DFLJy DFLJy - ND - 
41 BI DFLJyu DFLJa - ND E 
i 38B7 VD Ja VDJ; = ND ~ 
Myeloma 
< J606 DSPJ,, VDJ + ND ND 
H2020. VDJ, VDJ r ND ND 
MPC VDJ 4 VDIy - ND ND 
M315 VDJa VDJiy “ ND ND 
T-cell lines 
DSPJy _ + ND ~ 
DJa DJa + ND - 
DJa Dla + ND ND 
15-Day fetal liver + ND ND 
21-Day fetal liver + ND ND 
` Adult spleen + ND ND 
‘21-Day thymus + + ND 
oo Adult thymus + + ND 






































ND, not done. 


in preparation). 


during the D to Ju joining process'*. N regions were also present 
in.two of the other DJ,, rearrangements and contributed sig- 
ificantly to the variability of the DJ,, complex (Fig. 3a). These 
equencing analyses demonstrated unequivocally that both Jy 
arrangements of 300-19 and 298-13 were DJ, joints and 
uggested that the short transcripts and proteins in these lines 
re, derived from a DJ, rearrangement. We will now refer to 
‘these products as. Du mRNA and Dy protein. 

We next determined whether the Du chain was encoded by 
one. or both DJy alleles in 300-19 and 298-13. This analysis 
was possible because both lines, like fetal liver-derived A-MuLV 
ransformants with two DJ,, rearrangements’, undergo ‘secon- 
ry’ rearrangements of their DJ,, complexes during propaga- 
nin culture (M.G.R. and F.W.A., in preparation). These 
condary rearrangement events include appendage of Vy seg- 
ments to the DJ, complexes with the accompanying deletion 
f-all-sequence lying between the joined V,, and DJ, segments* 
‘and non-V,,-mediated deletion events which result in the com- 
plete loss of one of the DJ, alleles as well as the flanking Ð 
and Jy segments. The nature of each Jy-specific secondary 


The rearrangement status of the Jy alleles (A and B) in A-MuLV transformants and myeloma lines were analysed by Southern blotting, using. 
_D- and Jy-specific probes as described previously*. The presence of Du RNA in various cell lines and tissues was detected by a slot blot procedure. 
Briefly, 5 ug of total RNA or 0.5 wg of poly(A)-containing RNA was denatured in 6% formaldehyde, 50% formamide and 1 xSSC.at. 68°C for 
10min, diluted 4x with 20 x SSC and then blotted onto nitrocellulose filters using a slot-blotting apparatus (Schleicher & Schull, minifold 2). The 


lters were then baked, incubated with DSP2- or DFL16-specific probes (see Fig. 2 for description of probes) and washed as described previously’. 
“The presence of the Du chain was analysed by Western blotting as described in Fig. 1 legend. The presence or absence of Du RNA and Dy chain 
is indicated by + and ~ in the appropirate column. Deletion of one of the Jy alleles in certain lines was defined by the presence of only one 
Ja- positive band in a Southern blot of genomic DNA cut by a panel of restriction enzymes and is indicated by a ~ in the rearrangement column. 


* These Jy alleles were cloned, sequenced and proven to have an out-of-phase DJ; joint as described in the text (ref. 33 and M.G.R. and F.W.A., 


rearrangement in a collection of 300-19 and 298-13 subclones 
was determined by the Southern blotting assay described pre- 
viously* and compared with -chain expression in the respective 
lines (Fig. 4). Digestion of total cellular DNA simultaneously 
with BamHI and EcoRI liberates the DJ, A and B alleles of 
the 300-19 parent line as distinguishable J,,-specific fragments 
of 5.5 and 2.8 kb (Fig. 4A, lanes 1; see Fig. 2 for description of 
J probe and maps of rearrangements). Both fragments are 
clearly different from the 2.1 kb unrearranged, J,,-positive frag- 
ment observed in BamHI- EcoRI-digested liver DNA (Fig. 4A, 
lanes labelled L). 

Analysis of two subclones of the 300-19 line which, because 
of non- V,,;-mediated deletion events, contained only the DJ, A 
allele (P18-7-7) or the DJ, B allele (P3), demonstrated that only 
the line containing the latter allele produced the Du chain (Fig. 
4A, lanes 2, 3; compare a and b). This result indicates that the 
Dy chain in 300-19 is derived from the DJ,, B but not the DJ, 
A rearrangement (although both DJ, alleles transcribe a Dy 
mRNA). A study of 300-19 daughter cells which underwent Vy 
to DJ, rearrangement during propagation in culture added 
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‘given as the reference sequence, and identity FoR ata DPL 


-of the other DJ,, sequences, is indicated by 
“a dash. The 5’ flanking sequence of the D 
segments is marked by negative numbers start- 
ing from the beginning of the heptamer. The 
free space at position —99 indicates a one- 





300-198 cDNA 
300-198 DSP 


nucleotide deletion in the 298-13 sequences 30017A Dr 
relative to the 300-19 sequences. The sequen- 298-138 DFL 


>< çes are divided into codons according to the 
predicted DSP2 and known J, reading 
frames. The circled G nucleotide at the DJ, 


joint of the 300-19 A allele indicates that.the 300-1 9BCONA 





ATG of the D segment is not in the same aaa nas 
translational reading frame as the Ją coding 298-13A DSP 
sequence. Promoter-like elements and the pre- 298-138 DFL 

sumed ATG start codons of the SP2 and FLI6 

<- D segments are boxed. Other TATA-box-like 

elements are underlined. N-region sequences 
are symbolized by hatched boxes, and the OO on bee 
: Jy-derived sequences are underlined. The 300-198 DSP 
“probable cap site of the DSP24 mRNA 298-134 DSP 
derived from allele B of 300-19 (deduced 298-138 DFL 

: from. the primer extension studies) is indi- 

cated by an asterisk; the G-track of the 5’ 

-<x portion of the 300-19 B allele cDNA sequence 300-198 DSP 
is. shown above the corresponding DNA 300-19A DSP 
sequence. b, Sequence of the variable portion 298-134 DSP 
of the Du chain. The amino acid sequence caeigb DEL 
of the expressed (in phase) DJ,, alleles was 
predicted from the nucleotide sequences in a. 

The position of the nonamer, heptamer, tradi- b 
tional D coding region, and the Jy sequences 298-138 DFL 


are indicated. The presumed leader peptides 

of DFLI6 and DSP? are overtined. 
... Methods: The nucleotide sequence of the four 
“cloned DJ, joints was determined by the 
‘method of Maxam and Gilbert”. The tran- 
-scriptional initiation site of the DSP2u 
cRNA was determined by primer extension 


300-198 DSP 
298~13A DSP 
298-138 DFL 








~ methods**”°, A 15 bp-long C, 1 primer (a gift 
“of E. Kabat) was kinased with °*P, annealed 
to total poly(A)* RNA from the 300-19P3 
subclone and extended by reverse transcrip- 
tion as described previously''. Primer exten- 
ded cDNA was fractionated by 4% polyacry- 
lamide gel electrophoresis’ and the major 
elongation product (a 173 bp cDNA) was 
isolated by electroelution. 





300-198 DSP 
298-134 DSP 
298-138 DFL 


300-198 DSP 
298-134 DSP 
298-138 DFL 


Further support for this conclusion: VyDJy rearrangements can 
be classified as either ‘productive’ or ‘non-productive’ depending 
jon: whether or not they lead to the production of a normal 
heavy-chain protein*’. Productive appendage of a Vy segment 
kto the DJa B allele in subclone P14 (2.5 kb Jq-positive band: 
Wig. 4A, lane 6) led to the replacement of the Dy protein by a 
mormal-sized chain (Fig. 4B, lane 6). Non-productive rear- 
rangement of both DJ,; alleles in subclone P17 generated. two 
inew J,,-positive bands of 2:1 and 1.9 kb and resulted in the loss 
of any w-chain production by the line (Fig. 4A, lane 5). Sub- 
iclone C15, on the other hand, which underwent a productive 
Va to DJ, rearrangement on the A allele and left the DJ, B 
allele intact (Fig.. 4A, lane 4), did not lose Du expression, but 
instead produced both the truncated and normal-sized p chains 
simultaneously (Fig. 4B, lane 4). 

Secondary rearrangements of the A and B alleles in subclones 
of the 298-13 line were analysed ‘similarly. The DSP2 and 
DFLI6 to Jj, rearrangements of the 298-13 parental line 
appeared as rearranged, J,,-positive EcoRI fragments of 7.8 (A) 
and 5.6 kb (B), respectively (Fig. 4Ab, lane 1; maps in Fig. 2). 
e 6.2 kb unrearranged J,,-positive EcoRI fragment of liver 
DNA shown for comparison (Fig. 4Ab; lane L). A subclone 
13 with an aberrant Va. to DSP2J,, rearrangement (Fig. 














“was determined (Fig. 3a). Both the size and the sequence:of 
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4Ab, lane 2; 2.0kb J,-positive band) but retaining the intact 
DFL16J,; B allele continued to produce a Du chain (Fig. 4.Bb, 
compare lanes | and 2). This demonstrates that DFL16 elements 
also are capable of expression after joining to a Jy segment 
Similar analyses of other subclones indicated that the DSP2J. 

rearrangement of the 298-13 line also encoded a truncated. ý 
chain (data not shown); thus both D4J,, alleles of the 298-13 
line were expressed. 


Initiation sites of Du mRNA and Dy protein. 


The transcriptional initiation site of the DSP24 mRNA was 
determined for the DJ,, B allele of 300-19 by primer extension. ; 
studies. Poly(A)” RNA from 300-19P3 cells (in which allele A 
is deleted, see above) was hybridized to a radioactive, 15 bp 
single-stranded DNA primer complementary to the nucleotide’ 
sequence 3-18 of the C, 1 exon. The bound primer was extended 
by reverse transcription and the resulting cDNA analysed. by.: 
electrophoresis through.a 15% polyacrylamide gel. The majo: 
elongation product was a cDNA of 173 nucleotides (data not. 
shown). The nucleotide sequence of the G-track of this CDNA _ 


this cDNA defined the cap site of the DSP24 mRNA asian 
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Fig.4 Ja rearrangements and intracellular 4 chains in subclones 
of 300-19 and 298-13 lines. Subclones of the 300-19 and 298-13 
lines were isolated by limiting dilution as described previously’. 
Deletion of or Vp appendage to the pre-existing DJ), rearrange- 
ments of these lines was determined by the genomic blotting assays 
described previously*. A, DNA: Approximately 10 pg of genomic 
DNA was digested either with a combination of the restriction 
enzymes BamHI and EcoRI (a) or with EcoRI alone (b), elec- 
trophoresed through 1% agarose, blotted onto nitrocellulose and 
assayed for hybridization to a **P-labelled Jj, probe (see Fig. 2). 
The bands corresponding to the two parental DJ, alleles in each 
line are indicated as A and B, respectively. Other lanes contained 
DNA from individual subclones with either a deletion or a Vy to 
“DJa rearrangement of the parental DJ, alleles as described in the 

text. B, Protein: The cell lysate of each line analysed was fraction- 
ated by polyacrylamide gel electrophoresis, transferred to nitrocel- 
lulose, and bound p heavy chains detected by 1251 labelled. anti- 
bodies as described in Fig. 1 legend. 


“adenine residue situated 89 nucleotides upstream of the D 
` heptamer (position -89, asterisk in Fig. 3a). The promoter-like 
“sequences TAAAAAG (300-19, both alleles) and TAAAAAT 
(298-13, allele A) were found 45 nucleotides upstream of the 
DSP? transcriptional initiation site. Although the 300-19 DSP2 
sequence contains two other TATA box-like elements (under- 
lined in Fig. 3a), we regard the above sequences as the most 
“likely DSP2 promoter, because we also found similar elements 
: (GAAAAAG and TAAAAAG) in the 5’ sequence of the FL16- 
“and Q52-type D segments. Both of the latter D elements are 
transcriptionally active in cells which carry the respective DJa 
“rearrangement, such as DFL16 (Table 1) and DQ52'*. The 2.3 
and 2.0 kb y.-chain-specific RNA sequences in 300-19 and 298- 
13 contain the four C,, coding exons plus either a Hm OF ps 3’ 
terminus (where m and s represent membrane-bound and 
secreted forms), respectively; these mRNA sizes are consistent 
with RNA transcripts initiated at the indicated D promoter 
elements and subsequently spliced to yield a 5'DJ,,;C,,3' RNA 
sequence (Du mRNA). In support of this conclusion, we find 
that the 2.3 and 2.0 kb C,,-specific RNA sequences in these lines 
` hybridize to probes specific for the putative D portion of the 
transcript. (data not shown). 
Analysis of the 5’ DSP2.sequence revealed an ATG codon 
96 nucleotides downstream of the transcriptional initiation site 
(position -63 in Fig. 3a) which is the beginning of an open 
reading frame throughout the following D sequence. Further- 


“more, 


ore, the DSP2J,; join i s w 
DSP2J,, rearrangement (e ich lin 
to the short u-chain product, as described above) placed this 
ATG in phase with the known translational reading frame of 
the Jy coding sequence to which it was appended. The DSP2J, 
joint of allele A of 300-19, on the other hand (which does not 
encode a Dp chain), places the -63 ATG of the DSP2 element 
in a different translational reading frame from that of the linked 
Ja coding sequence (Fig. 3a). Additional studies with several 
other subclones and independent cell lines which contained 
DSP2 rearrangements indicated that only those which had the 
-63 ATG sequence in the same translational reading frame as 
the linked Ja sequence produced the Dy protein, although all 
produced DSP2u RNA sequences (Table 1). 

An ATG codon is not found at the -63 position in the DFLI6 
sequence; an ATG codon situation 48 nucleotides farther 
upstream (at position -109), however, divides the following D 
sequence into the same translational reading frame as does the 
DSP2 ATG at -63. In the 298-13 productive DFL16J, rear- 
rangement, this ATG is in the same translational reading frame 
as the J, coding region. In several other lines which had 
DFL16J,,; rearrangements but which did not produce Du chains, 
the DFL16 ATG was out of phase with the Jy coding sequence 
(Table 1). We conclude that the DSP2 ATG at -63 and the 
DFL16 ATG at -109 are the translation initiation sites of the 
DSP2- and DFL16-type Du chain, respectively. These ATG 
sequences represent the first (most 5’-proximal) translation initi- 
ation codons on the respective Du mRNAs and both ATG 
codons are flanked by 5’ sequences (a conserved A or G residue 
three nucleotides upstream) that are important for efficient utiliz- 
ation!’, which supports our conclusions. 





Expression of Du RNA and Dy protein 


We used probes for SP2- and FL16-type D elements derived 
from the body of D and the immediate 5’ flanking region to 
detect Du mRNA in various B-lymphoid cell lines (Fig. 2). We 
find a strict correlation between the presence of the Du mRNA 
and a DJ, rearrangement (Table 1). DSP24 mRNA is found 
in subclones of 300-19 (P3 and P18-7-7) with a deletion of eithe1 
the A or the B allele, which proves that each 300-19 DJ,; allele 
is transcriptionally active. In 300-19 subclone P8, appendage 
of Va segments to the DJ, rearrangements of both allele: 
resulted in deletion of all D promoter sequences and Du mRNA 
transcripts are no longer produced (Table 1). The 298-13 paren’ 
line produces both DSP2- and DFL16-type u chains, thus i: 
contains both DSP2- and DFL16-type Du mRNA. A subclone 
(298-13-9) with a non-productive rearrangement of the DSP! 
allele lost the DSP2 transcript but retained the FL16-typt 
mRNA. Analysis of many different lines consistently showec 
that transformants with Vy DJ, rearrangements at both Jy allele: 
(mostly of adult marrow origin) did not produce Du mRN# 
sequences, whereas transformants with one or more DJ, rear 
rangements (mostly of fetal liver origin) always produced D} 
mRNA (Table 1). Many of the lines analysed contained D} 
mRNA but did not produce the Dy protein. Both Jy allele 
from three such lines were cloned, sequenced and proven ti 
have an out-of-phase (non-productive) D to Jy joint with respec 
to putative 5’ D translation initiation codons (Table 1). 

We included four myeloma cells (representing terminall 
differentiated B cells) in the RNA analysis and found that th 
one line (J606) containing a DSP2J,, rearrangement’ also pro 
duced Du mRNA (Table 1). T-lymphoid cells frequently contai 
DJ rearrangements'*-*°; we have found Du mRNA in thre 
T-cell TB lines? that have these rearrangements and in RN, 
extracted from normal lymphoid tissues such as adult spleer 
fetal liver and newborn thymus (Table 1). The expression «€ 
Dp mRNA in spleen and fetal liver is consistent with our dat 
derived from the various B-cell lines. The detection of D 
message in the newborn thymus, where contamination by E 
lymphoid cells should be negligible”, agrees with the previou 
finding of significant quantities of 2.3 and 2.0 kb C,,-containin 














€ have demonstrated that most D elements have a 5’ transcrip- 
onal promoter. Like the Vy promoter, the D promoter is 
resumably activated if a DJų rearrangement places it in close 
roximity to the IgH enhancer element”? When the DJ, 
int places the 5’ D translation initiation codon in the same 
anslational reading frame as the Jj, coding sequence, the Du 
RNA encodes a short u-protein. The definition of D segments 
e mini-genes”® raises the question of what function the short 
y chain may have. The first 18 amino acids of the DSP2- 
erived -protein sequence have a striking similarity to known 
ader peptides”, containing a stretch of 10 hydrophobic 
esidues flanked by charged amino acids (Fig. 3b). We conclude 
hat the DSP2, chain is inserted into the endoplasmic reticulum, 
upported by the observed glycosylation of this chain’. Although 
e- Dy chain lacks a classical variable-region domain, it has a 
ariable DJ, peptide followed by the four «-chain constant 
jn domains and a membrane or secreted C-terminus. The 
WO FL16-derived Dy protein differs from the DSP2 chain only 
‘the N-terminus, which is 15 amino acids longer and starts 
ith a different leader-like sequence (Fig. 3b). The structural 
Onsequence of this difference is that the hypervariable region 
f the DSP2y chain is close to the N-terminus whereas in the 
OFL 16 chain it is flanked on the N-terminus by conserved D 
quences. RNA from the 300-19 line (which only produces 
WOSP2, chains) programmes synthesis of two distinct u chains 
f 52K and 55K molecular weight whereas RNA from the 298-13 
ne (which produces both DSP2y and DFL16u chains) pro- 
rammes four w-chain translation products of 52K, 55K, 54K 
and 57K”. The translation products of the normal membrane 
nd secreted forms of -chain mRNA are 67K and 64K, respec- 
vely!™!?; the 52K and 55K u chains presumably represent the 
roducts of the membrane and secreted forms of DSP2u mRNA 
hile the 54K and 57K chains represent those of the correspond- 
forms of DFL164 mRNA. The expression of the Du protein 
not subject to allelic exclusion in the 298-13 line, which 
jsupports the proposal that Vj, to DJ, joining is the allelically 
cluded step in Vy gene assembly*”. 
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> Du proteins can be expres: in conjunction with a 
terminus specific for the membrane form of the constant region, 
Suggesting that they may be part of a novel, variable receptor 
system; however, we have not yet found the protein expressed 
on the surface of A-MuLV transformants. The normal-sized -y 
chain is found on 300-19 surfaces only with an immunoglobulin 
light chain (M.G.R. and F.W.A., in preparation), which suggests 
that a second chain may be necessary for surface expression. © 
The detection of Dy transcripts in neonatal thymus (Table 1 
may explain the presence of immunoglobulin-like chains on the: 
surface of T cells™?. DJ, rearrangements in T cells are gen- 
erally thought to have no function”; our suggestion that they. 
may encode a Dy protein warrants a re-evaluation of this idea, 
Surface Dy-chain expression could also contribute to. the 
observed idiotypic cross-reaction between T and B cells*®, 

Sequence variations between D elements expressed in the 
mouse strains used in our study maintained the positive charge 
of the putative leader peptide and did not impair Du-chain 





































of homology’, one of which contains the D promoter-like 
sequences. Another human D element (D36)*' contains 5’ pro 
moter and ATG sequences in positions similar to the mous 
DSP2 segment, although its expression is probably prevente, 
by an in-phase translation stop codon. However, a short p chain 
similar to the murine Du chain has been found in human pre: 
B-cell lines derived from patients with X-linked agamma- 
globulinaemia, possibly as a result of incomplete Vy to Diy 
joining’. This evolutionary conservation of Dyu-chain 
expression also implies a functional significance for this chain 
D segments of the 8 chain of the T-cell receptor are ‘also 
transcribed after the formation of a DJ, rearrangement; the 
flanking region of these segments also has potential. translatio 
initiation sites’. Thus the T-cell DJ, rearrangements similarly 
may lead to the production of DJC, polypeptide chains. 
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Three functionally distinct actin-capping proteins from the slime mould Physarum are structurally closely related to acti 
itself. In Physarum, actin polymerization is regulated by a set of non-polymerizable actin-like proteins. It remains to l 
established whether these proteins and actin are each encoded by separate genes. 












































PHYSARUM contains at least four distinct actin-binding pro- 
teins of approximately 42,000 molecular weight (MW)—actin, 
Cap42(b), Cap42(a) and fragmin'™*, Only actin, which is present 
abundantly, forms filaments by self-assembly. The other three 
proteins do not form filaments but instead are able to block 
elongation of actin filaments by capping the fast-growing end 
of the filaments in a Ca’*-dependent process™*, Fragmin has 
an additional F-actin severing activity which leads to a rapid 
fragmentation of actin filaments when Ca** is present”, 
Cap42 (b) is phosphorylated by a specific kinase from Physarum ; 
this phosphorylation changes its F-actin capping activity. 
- Cap42(b) requires Ca** for its F-actin capping activity only 
when it is fully phosphorylated (when it is dephosphorylated, 
“its F-actin capping activity is Ca’*-independent)'* The 
Cap42(b) kinase is highly specific for Cap42(b) and never phos- 
phorylates either actin, fragmin or Cap42(a)'. Hence, these four 
42,000-MW proteins are functionally distinguishable from each 
other. 

Like actin, Cap42(b) forins a very tight (1:1) complex with 
DNase I*. Consequently this complex is no longer phosphory- 
lated by Cap42(b) kinase. Neither Cap42(a) nor fragmin binds 
to DNase I. Tight heterodimers form between actin and fragmin 
as well as between Cap42(b) and Cap42(a)'™*. The actin-fragmin 
interaction is Ca’*-dependent, whereas the Cap42(b)-Cap42(a) 
interaction is Ca**-independent. Their interactions appear to 
. be highly specific, because a tight complex is never formed 
between actin and Cap42(a) or between Cap42(b) and fragmin. 
These findings indicate the possibility that actin is more closely 
related to Cap42(b), while fragmin shows a similar relationship 
‘to Cap42(a). 

To clarify the structural relationships among these four actin- 
_ binding proteins, we have studied their immunochemical rela- 
: tións, peptide maps and specific binding to nucleotide triphos- 
phates. The experimental data presented here strongly suggest 
that Cap42(b), Cap42(a) and fragmin are non-polymerizable 
but regulatory actin variants. In addition, we provide evidence 
“that pp60"", a tyrosine-specific kinase, preferentially phos- 
phorylates fragmin in a Ca**-dependent manner. 


Protein purity 


Four distinct actin-binding proteins of 42,000 MW were separ- 
ately purified from Physarum according to the procedures 
‘described previously '-*”’. Because all four proteins have approxi- 
mately the same molecular weight, we carefully tested for a 
possible cross-contamination in the preparations by various 
-eriteria. (1) The two DNase I-binding proteins, actin and 
Cap42(b), are much more negatively charged than fragmin or 
Cap42(a)', so that in a urea-polyacrylamide gel the former two 
proteins migrate much faster than the latter two. In our elec- 
‘trophoretic gel system, however, actin and Cap42(b) co-migrate 
_ with each other and are not separable unless either of them is 
phosphorylated selectively by specific kinases. This is also true 
for fragmin and Cap42(a). (2) A cylic AMP-dependent protein 
kinase phosphorylates actin and never any of the three F-actin 
capping protein preparations’. (3) The Cap42(b) kinase from 

-= Physarum is highly specific for Cap42(b) and in no case phos- 
=" phorylated any of the other three protein preparations’. (4) As 
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Fig. 1 Immunoblots of whole microplasmodial homogenates of 
Physarum with rabbit antibodies against actin, Cap42(b) and 
Cap42(a). Proteins in 1.5 ul of packed microplasmodia of Phy- 
sarum were separated by SDS-polyacrylamide (9 % or 12 %) slab 
gel electrophoresis, transferred onto nitrocellulose, incubated with 
four different IgG preparations from rabbits and then reacted with 
5) protein A. a, c, Coomassie blue stained peptides of whole 
microplasmodial homogenates in SDS8-polyacrylamide (9 or 12 %) 
gels. b, d, e, f, Autoradiograms of the immunoblots: b, IgG against 
SDS-denatured Cap42(b); d, IgG against native Cap42(b); e, IgG 
against S$DS-denatured Cap42(a); f IgG against oxidized actin. 
The marker 42 indicates the molecular weight ( x 107?) of standard 
peptides. 


we described in detail here, pp60“" preferentially phosphor 
lates fragmin but none of the other three protein preparatio: 
(Fig. 5). (5) Cap42(a) is only able to inhibit almost complete 
the phosphorylation of Cap42(b) in the presence of actin ar 
Ca?” (ref. 1). (6) The actin sample never showed any significa 
F-actin capping activity*. Using these criteria, which in ea: 
case are unique for only one of the four proteins, we could | 
sure that there was little cross-contamination in any of the fo: 
protein preparations used in our experiments. 


Immunological cross-reactivity 


To examine whether these four proteins share any comme 
antigenic sites, we raised polyclonal antibodies in rabbits again 
Cap42(a) (SDS8-denatured), Cap42(b) (native or SD! 
denatured), fragmin (native) and actin oxidized by perform 
acid? to enhance its immunogenicity. IgGs were purified | 
affinity chromatography on protein A. 

Immunoblots show that IgGs against actin, Cap42(b) . 
Cap42(a) react almost exclusively with peptides of 42,000 M 
in the whole microplasmodial homogenate (Fig. 1). Occasional 
anti-actin reacts with two additional peptides of $5,000 ar 
90,000 MW but much more weakly than with 42,000-MW pe: 
tides. The peptide of 55,000 MW might be a-tubulin because 
region of a-tubulin has been shown to contain an amino ac 














ical 
yur distinct rabbit antibodies with 
the four separable proteins of 42,000 a 
MW in Physarum. Rabbit IgGs 
-against SDS-denatured Cap42(b) 
(a), native Cap42(b) (b), SDS- 20 


‘denatured Cap42(a) (c) and oxi- mies 
<: Gized actin (d) were affinity-purified 16 me 
on protein A-Sepharose and their «£ 


immunological reactions with native 
‘actin, Cap42(b), Cap42(a} and frag- 
min were determined by solid-phase 
radioimmunoassays (RIAs) includ- 
ing '**]-labelled protein A as a radio- 
active indicator for IgG. Briefly, 1 pg 
of antigen in TDSA buffer (10 mM 
Tris-HCl, pH 7.5, 1mM_ dithioth- 
reitol (DTT), 15% sucrose, 0.02 % 
-NaN,) was dried onto the surface of 
an RIA well. After washing with TTX. 
buffer (10mM Tris-HCl, pH 7.5, 
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O1% Triton X-100, 0.15M NaCl, (4 

0:1% bovine serum albumin, 0.02 % 25 L 14 

“NaN;),. the wells were incubated 2 Actin 
“with various dilutions of IgG in the L es Cap 42(a) 12 “(native)” 
game buffer at 25°C for Ih. After 20 


*25E-Protein A bound (c.p.m. x 10-4) 


~ removal of unbound IgGs by wash- 
ing with TTX buffer, 0.3 ng of '51- 
protein A (25,000 c.p.m. per well) in 
“© TTX buffer was added and incubated 
vc at/25°C for 1h. Unbound protein A 
was then removed by washing with 

TTX buffer, and the radioactivity of 5 
protein A bound to IgG was i 
measured. Although the data are not 
shown, the rabbit IgG against Phy- 
sarum actin reacted equally. well with 
‘oxidized and native actin from Phy- 
sarum but not with rabbit skeletal 

: muscle actin. 
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T ble I Functional differences and sequence homology between four 
AE : proteins 








Actin Cap42(b) Cap42(a) Fragmin 





Polymerization + - = = 
Phosphorylation (Ser) + ~ - ~- 
Phosphorylation (Thr) _ + - ~- 
Capping F-actin ~ + 4 + 
Severing F-actin + 
Phosphorylation (Tyr) ~ ~ se + 
Binding to DNase I + + = a 
Binding to UTP ~ ++ + ~= 
Binding to ATP + + ++ + 
Binding to IgG I ++ + +++ ++ 
Binding to IgG H - + ++ F 
Binding to IgG IH — + ++ ++ 
Binding to IgG IV ~ + ++ ++ 
Binding to IgG V ++ ~ + + 





Phosphorylation either by cyclic AMP-dependent protein kinase from 
bovine heart” (Ser), or by Physarum Cap42(b) kinase! (Thr), or by 
pp60""* (Tyr). The abbreviations used for rabbit antibodies are: IgG I, 
anti-SDS-denatured Cap42(b); IgG Il, anti-native Cap42(b); IgG HI, 
anti-SDS-denatured ‘Cap42(a): IgG IV, anti-fragmin; IgG V, anti-oxi- 
dized actin. 


sequence very similar to that of actin'®. Another as yet uniden- 
tified peptide of 90,000 MW obviously cross-reacts with this 
IgG at least in its denatured form. IgGs against fragmin, affinity 
purified on fragmin-Sepharose, were shown previously to react 
only with peptides of 42,000 MW in crude extracts of Phy- 
sarum’ 

The cross-reactivity of these antibodies with the four distinct 
42,000 MW actin-binding proteins was determined by solid- 
phase radioimmunoassays (RIAs). Rabbit antibodies against 
k enatured Cap42(b) react not only with Cap 42(b) but also 
with actin, Cap42(a) and fragmin (Fig. 2a). Preincubation of 
this I raction with Physarum actin reduces the binding to 
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Fig. 3 Tryptic peptide maps of Cap42(b), actin, fragmin and 
Cap42(a). After boiling in the presence of 0.5 % SDS and 40 mM 
DTT and a 5 xdilution into TDSA buffer, 20 pg of each protein’. > 
were digested at 35 °C for 10 min with 0.1 or 0.4 pg of trypsin, and. °° 
their tryptic fragment patterns were analysed by SDS-polyacryl-.: 
amide (16%) gel electrophoresis. a-d, Digested with 0.1 pg of 
trypsin; e-h, digested with 0.4 ug of trypsin. a, e, Cap42(b); b, f 
actin; c, g, fragmin; d, h, Cap42(a). The markers indicate molecular 

weights (107°) of standard peptides. 


abc d e f 


all four proteins (data not shown). On the other hand, rabbit — 


antibodies elicited by immunization with native Cap42(b) (Fig. 
2b) and SDS-denatured. Cap42(a) (Fig. 2c) as well as native 


fragmin (data not shown) react more strongly with fragmin,. 


Cap42(a) and Cap42(b) than with actin. Rabbit antibodies 
against oxidized actin from Physarum react with native actin — 


from Physarum as well as with fragmin and Cap42(a), but not 
with Cap42(b) (Fig. 2d). These data indicate that actin, fragmin, o 
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Fig. 4 a, Direct photoaffinity labelling by [a-* P]ATP of four proteins of 42,000 MW from Physarum. 2 uM actin, Cap42(b), Cap42(a) or 
fragmin were preincubated with 80 pM [a-?PJATP(20 aCi) in 50 pl of TDSA buffer at 0°C for 30 min, and then irradiated by UV light 
(A 254 nm) at a distance of 2-3 cm for 30 min according to the procedure described previously”. The radioactive ATP covalently bound to 
each peptide was separated from free ATP by SDS-polyacrylamide gel (9%) electrophoresis and visualized by subsequent radioautography. 
Lane P, actin; lane B, Cap42(b); lane A, Cap42(a); lane S, fragmin. Effects of a large excess (10 mM) of non-radioactive ATP and other 
nucleotide triphosphates as well as diphosphate and monophosphate on the direct photoaffinity labeling of Cap42(a) by [a -P]ATP were 
also examined under the same conditions and compared with the control a: lane 1, ATP; lane 2, GTP; lane 3, UTP; lane 4, pryophosphate: 
lane 5, phosphate. Only nucleotide triphosphates almost completely inhibited the covalent binding of radioactive ATP to Cap42(a). b, Covalent 
binding of UTP, GTP and ATP to Cap42(b) by UV irradiation. The time course of the direct photoaffinity labelling of Cap42(b) was followed 
in the presence of 80 pM [a-?P]UTP, [a-°?P]GTP or [a-**PJATP at 0 °C for the indicated time by filter paper assay as described previously”. 
c, Only Cap42(b) and Cap42(a) covalently bound UTP by UV irradiation. The direct photoaffinity labelling of Cap42(b) by {a-*PJUTP was 
also compared with those of the other three proteins of 42,000 MW in the same conditions as described for a. Lane P, actin; lane A, Cap42(a); 
lane B, Cap42(b); lane S, fragmin. 


- Cap42(a) and Cap42(b) share some antigenic sites, that the 

> three F-actin capping proteins have a subset of antigenic sites 

cin common that are not shared with actin and that Cap42(b) 

- lacks some antigenic sites which are commonly present in actin, 

- Cap42(a) and fragmin. Among the three F-actin capping pro- 

< teins, Cap42(a) and fragmin are very similar to each other in 
these immunochemical reactions. 


_ Tryptic peptide maps 

“One-dimensional tryptic peptide maps of Cap42(b) are very 
similar but not identical to those of actin (Fig. 3), whereas maps 
‘of Cap42(a) are almost identical to those of fragmin. The maps 
‘of these two pairs of similar proteins differ considerably from 
‘each other, suggesting that the four proteins may fall into two 
groups. One pair is Cap42(a) and fragmin, neither of which 
“binds to DNase I. The other pair, Cap42(b) and actin, both 
bind to DNase I. 


. Photoaffinity labelling 


Actin has at least one binding site for ATP or ADP’ and can 

be labelled with [a-**PJATP by a photoaffinity technique (Fig. 

.. 4a), The same treatment covalently labels Cap42(b), Cap42(a) 
“and fragmin (Fig. 4a), with Cap42(a) being the most heavily 

0 labelled. The bindng of radioactive ATP to Cap42(a) is inhibited 
“-salmost completely by a large excess (~ 100 times) of non- 
é “radioactive UTP, GTP or ATP, indicating that both UTP and 
_ GTP probably share the same binding site on Cap42(a) with 
CATP. Cap42(b) is most heavily labelled by [a -> P]UTP among 
the three nucleotide triphosphates tested (Fig. 4b). Furthermore, 
“the binding of radioactive UTP to Cap42(b) is inhibited almost 
completely by a large excess of non-radioactive ATP, GTP or 
_. UTP (data not shown), again indicating that these three nucleo- 
tide triphosphates probably bind to the same site on Cap42(b). 

© Interestingly, as shown in Fig. 4c, neither actin nor fragmin 
© binds. UTP, although both proteins bind ATP (see also Fig. 4a). 












‘Phosphorylation of fragmin by pp60°* 


-pp60%"° is a phosphopeptide of 60,000 MW encoded by the sarc 
gene which is solely responsible for the Rous sarcoma virus- 
induced transformation of avian cells'*'*. This protein is associ- 
ated with a protein kinase activity which phosphorylates prefer- 
entially tyrosine residues of several proteins including the heavy 
chain of IgG, vinculin, casein and pp60"* itself'*"'’. Recently 
-a peptide of 42,000 MW called pp42 was shown to be phosphory- 
-lated in vivo at its tyrosine residues during Rous sarcoma virus- 
-induced transformation". pp42 appears to be distinct from any 
of the polymerizable actin variants, however, as its isoelectric 








b 





P B A S 1 2 3 4 5 6 


Fig.5 a, Only fragmin was phosphorylated by pp60™®™®, 20 ug of 
the four proteins of 42,000 MW were separately incubated with 
pp60"" at 35 °C for 30 min in the presence of 40 pM [y-°?PJATP, 
10mM Mg** and 0.2mM Ca’*. The phosphorylation of each 
peptide was analysed by SDS-polyacrylamide (9%) gel elec- 
trophoresis and subsequent autoradiography. Lane P, actin; lane 
B, Cap42(b); lane A, Cap42(a); lane S, fragmin. The marker (42) 
indicates peptides of 42,000 MW. b, Ca** stimulated the phos- 
phorylation of fragmin by pp60“*. The phosphorylation of frag- 
min by pp60°*"* was carried out in the presence or absence of Ca**, 
otherwise in the same conditions as described for a. Lane |, 
fragmin + pp60™"*+ 1 mM EGTA; lane 2, fragmin + | mM EGTA; 
lane 3, fragmin + pp60*"¢ +-0.2 mM Ca”*; lane 4, fragmin + 0.2 mM 
Ca?*; lane 5, a-casein + pp60™"* + 0.2 mM Ca’**; lane 6, a-casein + 
0.2 mM Ca?*. Marker 42 indicates fragmin. 


point is around 7.0 instead of 5.4 ( = pI of actin) and its biological 
activity and the effect of phosphorylation are still unknown. 
Interestingly, microinjection of Cap42(a+b), an equimolai 
complex of Cap42(a) and Cap42(b), causes a rapid and revers: 
ible disruption of actin stress fibres in mammalian fibroblasts" 
which is similar to that occurring at an early stage of virus 
induced transformation of the cells. As pp42 might be a non 
polymerizable actin variant, we have asked if pp60°"* is able t 
phosphorylate some of the three F-actin capping proteins o 
42,000 MW from Physarum. A preparation of pp60°* (gift o 
Drs Y. Sugimoto and R. L. Erikson) was purified to homogeneit: 
from European field vole cells transformed by the Schmidt. 
Ruppin strain of Rous sarcoma virus (unpublished data). W 
found that pp60*" preferentially phosphorylates fragmin in : 
Ca**-dependent manner (Fig. 5), Neither actin nor Cap42(b) 








© tor ppod'- 
de additional evidence for our hypothesis that fragmin is 
„functionally distinct not only from actin and Cap42(b) but also 
from Cap42(a). It remains to be determined, however, whether 
F-actin capping and severing activities of fragmin are sig- 
nificantly affected by its tyrosine phosphorylation. 


Conclusions 


Physarum has at least four actin-binding proteins of 42,000 MW; 
actin, Cap42(b), Cap42(a) and fragmin, that can be distin- 
guished functionally (Table 1), but the cross-reactivity of anti- 
bodies, peptide maps and photoaffinity labelling by nucleotide 
triphosphates provide evidence that the four proteins have com- 
“mon_as well as unique structural features (Table 1). We suggest 
that Cap42(b), Cap42(a) and fragmin are variants of actin that 
can bind to the fast-growing end of actin filaments but cap the 
polymer because they cannot propagate further growth. The 
four proteins fall into two closely related pairs: actin and 
Cap42(b), and Cap42(a) and fragmin, actin and fragmin share; 
the fewest common features. Based on all the available data 
concerning the structure and function of the four proteins, we 
“Suggest that they are related to each other in the following 
order—actin, Cap42(b), Cap42(a), fragmin. Proof of these 
‘relationships will be provided by the primary structure of the 
proteins and their genes. Preliminary amino acid sequence data 
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Improved limits on small-scale 
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cosmic microwave background 
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As a.remnant of the early Universe, the cosmic microwave back- 
ground provides unique information on the initial conditions from 
which matter has evolved to: form the structures we see today. All 
efforts to detect small-scale structure in this radiation have so far 
been unsuccessful (ref. 1 and refs therein)'*. Nevertheless, upper 
limits set on possible. underlying fluctuations restrict the range of 
physical models for perturbations of the density in the early 
Universe. Our search for small-scale anisotropy in the background 
radiation has now resulted in a lowering of the upper limit on 
root-mean-square fluctuations (AT, m.s) observed at an angular 
scale of ~4 arc min to AT,,,,/T<2.1X 107° at the 95% con- 
fidence level (where T = 2.7 K, the temperature of the background 
radiation). The actual limits deduced from our experiment depend 
on the model assumed for the unseen fluctuations. Several 
possibilities are discussed as well as the implications this new 
measurement has for various cosmological models. 

e 140-foot telescope of the US National Radio Astronomy 
servatory (NRAO), with the K-band maser receiver mounted 









ve These results 
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_Cassegrain focus, is an excellent instrument for high- . 








(ref: 20 and J. Vandekerckhove et al, in preparation) sh 
even fragmin has regions identical to actin, although the form 
has a unique sequence region not shared by the latter. Thus, i 
seems Clear that at least two of these proteins, actin and fragmin 
are derived from two distinct actin genes. Similarly, the amino. 
acid sequences of Cap42(b) and Cap42(a) will establish whether _ 
they are simply post-translationally modified forms. of actin or 
fragmin, or, as we believe, whether all four proteins are derived 
from different, distinct genes. Genetic analysis of Physarum actin 
genes suggests that Physarum contains at least four and probably 
five different actin genes”'. We speculate that these genes code | 
for actin, Cap42(b), Cap42(a) and fragmin and that they wer 
all derived from a common ancestral gene by its duplication 
and subsequent mutation or rearrangement during evolution of. 
Physarum. Finally, because all four distinct 42,000 MW actin 
binding proteins in Physarum are probably actin variants wit 
different biological activities, we propose to call actin and frag 
min by more logical and uniform terms implying both. the 
unique functions and molecular weights. We have called 
major polymerizable actin variant Pol 42, and fragmin, an F 
actin severing variant, Sev 42. 
We thank Dr Thomas D. Pollard at Johns Hopkins Universit 
for his critical reading of the manuscript and many valuabl 
suggestions and Dr Wolfgang Baltes and Ms Rita Ohnheiser for | 
their technical assistance. G.I. is recipient of grant Is 25/3- A 
from the Deutsche Forschungsgemeinschaft. z 
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sensitivity continuum observations’. This system routinely 
achieves a temperature of 50K with 370 MHz bandwidth, 
centred at 19.5 GHz. Moreover, it is exceedingly stable for long 
integrations and consistently reaches a sensitivity of AT; m.s 
107° K (antenna temperature) for 2 h of observation in the best 
weather conditions (clear sky and ambient temperature below. 

0°C). At this frequency, the half-power beamwidth is about. 
1.5 arc min. Oe 

We have used this system to search for small-scale anisotropy. 
in the microwave background radiation. Although our first — 
observations were made in December 1980, we shall be con- 
cerned here only with data collected since December 1982, which 
are of much better quality than previous data. Good data were. 
obtained from 27-31 December 1982 (82 h) and 16-20 May 1983. 
(night-time only, 30.h): these have been discussed in ref. 2. The. E 
new observations reported here were made between 25 February 
and 5 March 1984 (88 h) with additional data taken between 3 
and 7 January 1984 (4h) in a filler programme scheduled with 
other observations. Thus, a total of 174h of high quality data’ 
were obtained from these observing runs out of a total of 45 h ce 
scheduled initially. hee 

Fluctuations in the gain of the receiver, as well as variable ce 
contributions of radiation from the atmosphere and the ground, | 
are important sources of systematic errors in this kind of. 
measurement. To overcome these problems, the telescope beam 
is switched at a rate of 3.33 Hz between two positions in the | 
sky, separated by 4.5 arcmin, by mechanically oscillating the — 
secondary reflector. The receiver output, 67, which is detected. 
synchronously with beam position, is thus a measure of the a 
difference between the antenna temperatures of the radiation _ 






















ces of a ospheric and 


oul in the: two beams. To eliminate this variable 

et, the telescope is periodically moved by 4.5 arc min to place 
given sky position (called the field) alternately in the two 
ams. This gives two sets of data for each field 


Ton á T fieia — 





Ten + Tottset-on 





BT y= Tren ~ Tricia t Tottset-of 


where Tiern and Tur correspond respectively to the westerly 
and easterly reference positions, 4.5 arc min away from the cor- 
“responding field. The two offset signals in equation (1) cannot 
“be measured with sufficient accuracy to subtract them; further- 
more, they are slowly varying functions of time and telescope 
“position. By accurately timing the off-on observing sequence, 
one hopes that both offsets will be equal and will cancel in the 
expression 


A Tricia = (8 Ton ~ 8 Top) /2 
= Trieta ~ (Toen + Trer2)/2 (2) 


vhich i is the quantity measured for each field. The atmospheric 
and ground effects are too complex to predict at the 10K 
vel, so one must try and see what happens. 

The 12 candidate fields were chosen as close to the north 
estial pole as safe operation of the 140-foot telescope allows: 
jeclination (1950.0) 86°51’ with right ascensions: 1 h 30 min, 3 h 
0 min, ..., 23 h 30 min. This allows 2 h of observation of each 
field on each day, while minimizing the motion of the telescope 
h respect to the ground and the atmosphere. At this declina- 
ion and with a 4.5 arc min beam separation, the telescope goes 
through the same range of positions with respect to the ground 
or an off-on pair if the on-scan is started 5 min 3s after the 
-scan. As changing the position of the telescope takes about 
s, the best cancellation of T ase, is achieved with an integra- 
ion time of 4 min 48 s for each scan, We emphasize that keeping 
residual systematic errors below 10~* K requires the atmos- 
heric and ground contributions to be repeatable to better than 
ne part in 10° over times longer than the 10 min duration of 
off-on sequence. It is remarkable that, with good weather 
onditions, this requirement is indeed satisfied with this par- 
ular telescope. 

After correcting the data for the beam efficiency of the antenna 
%) and converting to units of thermodynamic temperature, 
e compute the mean values AT hie for the observations of 
ach field on each day (i). The associated standard deviations, 
ried, are calculated from the scatter among the different off-on 
measurements (typically 12 on each day), and are an estimate 
-ofthe statistical uncertainty in the mean, after 2 h of observation. 
A typical value for data taken with clear sky is o}ieig= 
25x107? K, whereas one expects 0.14107? K from system 
Oise. alone. The excess noise at this stage is due to a I/f 
component in the noise power spectrum of the receiver and to 
the variable components of the atmospheric and ground contri- 
“butions to 5T,,, and 6T,,. 

The weighted average of the values of A Thieia from the differ- 
nt days.in which each field was observed yield the final values 
AT ge plotted in Fig. 1. The errors associated with each point 
correspond to the standard deviations, Opia, estimated from 
the measurement statistics in the usual way. It is crucial to 
imate accurately the errors in Fig. 1 because the data will be 
sed to decide whether a significant sky signal has been detected 
T, alternatively, at:what level.a sky signal is excluded. A major 
concern is whether AT feia changes from day to day owing to 
low changes in Topseon~ Tottset-ot- This can be checked by 
comparing the measured day-to- day scatter in ATi, with the 
corresponding values of Thiela Figure 2 shows a histogram of 
the weighted residuals (A Tretia -AT rea)! Tries for the 87 2-h 
bservations. The histogram matches the gaussian distribution 
expected if all the day-to-day scatter were due to fluctuations 
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Fig. 1. Final averages for the observed fields. The solid line indi- 
cates the overall weighted average, which is AT,,.= 
(26+ 39) x 10°° K. AT rie is the difference in thermodynamic tem- 
perature between the field and the average of two reference posi- 
tions, 4.5 arc min away on opposite sides. (See equation (2).) 
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i 
(AT Field ~ AT field) /? Field 


Fig. 2 The day-to-day scatter in measurements averaged over 

~2h. As the residuals from the field averages A Tyg are used, the 

possible sky signals have been removed. If there were no extraneous 

day-to-day effects, the histogram would fit the gaussian curve 
shown; it does so reasonably well. 
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Angular scale 


Fig.3 +, Upper limits (95% confidence level) on anisotropy of 

the 2.7K radiation at various angular scales. The Very Large Array 

(VLA) results** are new and will probably: be improved. Some of 

the points between 1’ and 1° have been revised’ from the values 

given in the original references. Anisotropy at large angular scales® 

must be measured from balloons or satellites because of atmos- 
pheric noise. 


















grees of freedom. Therefore the values of oy,.:4 displayed in 
Fig. I are not contaminated by day-to-day effects and are accur- 
ate estimates of the measurement errors. 
` The weighted average of the values in Fig. 1 is ATywe= 
(26 +39) x 107° K. As none of the 12 points differs significantly 
‘from this value, no anisotropy has been detected at a level of 
~2Gpiea- A more stringent limit can be set by using all the data 
ina statistical argument, although this requires adopting a model 
for the anisotropy. The underlying sky signal is expected to be 
gaussian, distributed between the 12 field positions (separation 
> 1.6°), and can be characterized by its standard deviation, o,,,. 
Assuming there is no correlation between the signals arriving 
from a given field and associated reference positions (4.5 arc min 
scale), the r.m.s. residual in AT riea due to a true sky signal is 
(from equation 2) 


oie ze (4 Teky a Teky T oxy) /4 P 1.5 oy (3) 


In this case, the off-on procedure is a probe of Fy with V5 
efficiency. This efficiency factor depends on the angular 
autocorrelation that is assumed for the possible sky signal and 
“must be evaluated separately for each different model. 
The Neyman-Pearson lemma prescribes the optimal statistic 
for testing a hypothetical value of o, . In our case the best 
statistic is essentially a weighted y? (ref, 2), which yields 


T, ms = (0.14.7) X 107° K (4) 
and an upper limit 
Or ms. < 7.8% 107° K (95% confidence level) (5) 
Using equation (3) and T= 2.7 K gives 
Txy/ T<2.4X 107° (95% confidence level) (6) 


Limits on anisotropy from different experiments are difficult 
..to compare. Because various scanning patterns and statistical 
methods have been used, careful statements of limits on a 
particular model should examine each measurement separately. 
` Figure 3 shows the present experimental limits, most of which 
assume that the underlying anisotropy is uncorrelated gaussian 
noise. For this assumption the result of equation (6) applies at 
an angular scale of 1.5 arc min. 

A more general way to interpret our result is to take the 
Fourier transform of the scan pattern (three gaussian beams 
1.5 arc min across, separated by 4.5 arc min) and then to average 
it over the orientation angle. Thus, the limit shown in Fig. 3 
(dashed line) assumes that all of the anisotropy is the result of 
gaussian sinusoidal fluctuations of a certain scale. The strongest 
limit corresponds to a scale (half wavelength) of 4 arc min and 
is 

AT, ms T<2.1 X107> (95% confidence level) (7) 


which is more stringent than the one given in equation (6) 
because the sinusoidal fluctuations are anticorrelated on the 
scale of our beam-throw, increasing the efficiency of the observ- 
ing procedure for this kind of fluctuation. 

A physical interpretation of the results requires a model for 
the nature of the underlying fluctuations. Most authors assume 
fluctuations with a spectrum of the form (ép/p)<k", for the 
dominant contribution to the mass of the Universe at the time 
of decoupling of matter and radiation (a redshift of ~1,000). 
The amplitudes of the fluctuations are fixed by matching the 
evolved autocorrelation function of the matter to the data avail- 
able from studies of galaxy clustering. The details of the interac- 
tion between the mass components and the background radi- 
ation determine the anisotropy required by each particular 
model. Comparing our results with recent calculations’ rules 
out.those models in which the initial fluctuations are adiabatic 
-and dominated by baryonic matter. Baryon-dominated universes 

. in which the initial perturbations are isothermal are currently 
out of fashion but are not seriously constrained by our limit: 
_ for n<0 one needs to satisfy 0.1 < N <0.3 (N is the ratio of the 
density of the Universe to that of an Einstein-de Sitter universe), 











deed, the corresponding x% is 78 with 15 «= whereas no. restriction isi 








posed if n=0. Models d 
by massive neutrinos require 1 ~ 1, although they suffer ott 
problems’. More exotic possibilities are models in which th 
dominant component is in the form of yet undiscovered cold 
dark matter, such as axions or photinos. These models requir 
that 0:H>0.2 (H is Hubbles constant in units © 
100 km s~! Mpc™!). : 

Finally, we must caution that the analysis of our data rests 
on the assumption that the underlying fluctuations have a 
gaussian distribution: if untrue, the theoretical predictions could 
be uncertain by factors of 2. Although there is a conflict between. 
the theoretical models and the experimental data, the fate o 
the various models is still far from settled. ; 
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There is much evidence. that many post-main sequence stars are 
losing mass, that the integrated mass loss is sufficient to affec 
their evolution and that epochs of substantial mass loss are norma 
for almost all stars. However, neither the precise timing, nor th 
mechanisms, nor the full consequences of this mass loss are ye 
well understood. Stellar pulsation may play a key role: it is closely 
associated with evolutionary phases where substantial mass loss 
occurs, and there are good physical reasons to expect pulsation 
to cause, or at least greatly to enhance, mass loss. Here we poin 
out that there are many possible consequences, some not previously 
recognized, of pulsation-related mass loss for the evolutionary 
behaviour of post-main sequence stars. We advance the hypothesi: 
that most mass loss of evolutionary significance is closely related | 
to stellar pulsation. 

We have been modelling the atmospheric dynamics. of Mira 
variables, which exhibit long-period, large-amplitude radial 
pulsation and are known to have high mass-loss rates. Recently 
we have begun using a similar approach to model other pulsatin, 
giants. There are several ways in which pulsation can lead to. 
mass loss, some relevant to Mira variables and some to other 
classes of stars. Indeed, it now appears almost inevitable that- 
pulsation not only can but does lead to significant mass loss in 
almost every case, through transfer of momentum and energy 
to the outer atmosphere. Steady pulsation of even moderately. 
large amplitude generates shock waves and causes great 
extension of the stellar atmosphere, thereby strongly enhancing | 
all mass-loss processes. Radiative cooling, which depends on 
collisions, becomes so slow in the low-density outer atmosphere 
(now a very large region with considerable total mass) that. 
dynamic processes there become effectively adiabatic’. Non 
radiative energy transfer to the outer atmosphere by pulsation 
induced shocks can thus have an important effect. In RR Lyrae 
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Fig. 1 Hertzsprung-Russell diagram (luminosity versus temper- 


< ature) showing the most important regions of pulsational instability, 

+ Standard zero-mass loss evolutionary tracks of mass equal to | Mo 

“and 7 Mo stars of solar composition are sketched in for reference, 

as well as the zero-age horizontal branch for core He burning 
stars* 


models, for example, it heats the outer atmosphere sufficiently 
to produce a hot corona and cause a substantial coronal wind. 
In contrast, the outer atmospheres of Mira models remain cool; 
dust grains form there and the density in the condensation region 

increased by many orders of magnitude compared with static 

odels; dust effects dominate and radiation pressure on the 
grains drives strong winds similar to those observed. With 
modest changes in stellar parameters, this Mira-like behaviour 
grades smoothly into models with optically thick circumstellar 
dust shells and still more massive winds, simulating the infrared 
OH-IR sources. 

Prodigious mass loss must occur before or during the ascent 
of the asymptotic giant branch, because white dwarf stars, with 
masses typically of 0.6-1.0 Mo, are formed from progenitors 
with masses up to 5 or 6 Mo, or more”. Attempts to reproduce 
_ observational evidence, including not only direct comparisons 
of calculated and observed properties of asymptotic giant branch 
stars but also the effects of nucleosynthesis and mass recycling 
on galactic chemical evolution, indicate that the mass-loss pro- 
cess must be discontinuous, with a terminal ‘superwind’ stage 
removing at least the last few tenths of a solar mass of envelope 
material in a time which is short on the nuclear evolutionary 
time scale of these stars”. This has a natural explanation, suppor- 
«ted by observed mass-loss rates, in terms of rapid pulsation- 
induced mass loss during the brief but very common Mira stage 
of evolution at the tip of the asymptotic giant branch“. 
Calculations indicate that the evolutionary track of helium 

re-burning (horizontal branch) stars with M ~ Mo will lie to 
the réd of the RR Lyrae instability strip; only stars with low 
metallicity and/or masses =0.7Mo evolve far enough into the 
blue during this stage to produce RR Lyrae stars*°. Most of 
this mass is presumably lost during the first ascent of the star 
up the red giant branch. Near the end of this ascent, these stars 
probably enter the same puisational instability region which the 
Mira and semiregular variables occupy at higher luminosity. A 
reasonable hypothesis is that pulsation near the tip of the red 










pt 
produce RR Lyrae stars. 

Mass loss on the horizontal branch may also ue indicated: 
Comparison of evolutionary calculations for horizontal branch 
stars with the observed blue-red horizontal-branch populations, 
and with the statistics of RR Lyrae stars, further indicates that 
within a given cluster there must be a modest range of masses 
along the horizontal branch: ~+0.02 Mo (refs 5, 6). This has 
been assumed to be owing to stochastic variations in the mass 
loss on the red giant branch, but it can equally well be accounted 
for by assuming pulsation-induced mass loss during the RR. 
Lyrae stage. As horizontal branch evolution is relatively slow, 
the mass-loss rates required are undetectably low at present: 
~107'? Mayr! is sufficient to produce the range in masses 
needed to populate the blue and red horizontal branches of 
clusters. 

This rate of mass loss from RR Lyrae stars has further implica- 
tions for the morphology of cluster Hertzsprung- Russel (H-R) 
diagrams and for the ultimate fate of low-mass stars. One poss- 
ible consequence of mass loss due to pulsation in the RR Lyrae 
stars is the trapping of these stars along the edges of the instabil- 
ity strips for fundamental and overtone pulsation. For those RR 
Lyrae stars evolving to the right in the H-R diagram, the effect 
of a decrease in mass is to force them to the left—possibly 
cancelling the evolutionary effect. If such a star were to tend to 
evolve into a region of the H-R diagram where, owing to its 
pulsation properties, its mass-loss rate would be large, it may 
become trapped by these competing effects at the blue boundary 
of the region. If the mass loss during overtone pulsation (which 
takes place at the blue side of the instability strip) is too low 
to inhibit evolution to the red, but the fundamental mode mass- 
loss rate is larger, the star may be trapped where the mode 
change occurs. This trapping would have an effect on the period 
distribution of RRc and RRab stars similar to the ‘hysteresis 
mechanism’ proposed by von Albada and Baker’ and further 
elucidated by Stellingwerf". In addition, trapping in the mode- 
switching region could explain the overabundance of double- 
mode RR Lyrae stars in clusters such as M15 (ref.9). This 
trapping effect has as a further consequence, that quite low rates 
of mass loss are given more time to operate, thus producing 
greater net mass loss than would otherwise be supposed. 

Mass loss during the horizontal branch pulsation stages 
should have observable effects on the RR Lyrae period distribu- 
tion, on the luminosity difference between RR Lyrae and BL 
Her stars in the same cluster and on the relative population of 
the red and blue horizontal branches. Pulsation masses for the 
post-RR Lyrae BL Her stars are less than those for RR Lyrae 
stars'®, as would be expected from our picture. The alteration 
of horizontal branch (HB) evolution by RR Lyrae pulsation- 
induced mass loss suggests the possible existence of a post-HB 
stage of pre-white dwarfs, which could explain the great blue- 
ward ‘tail’ of some cluster HBs. This would also lead to the 
formation of a separate group of low-mass (~0.5 Mo) white 
dwarfs of high He content, from those stars whose He burning 
stage was terminated prematurely by RR Lyrae stage, pulsation- 
driven mass loss. Such post-HB stars may have been observed 
in the He shell-burning hot O subdwarfs, studied by Schonberner 
and Drilling'’. 

Another form of trapping may be operating in the Cepheids, 
and may account for part of the persistent ‘mass anomaly’ 
between evolutionary and pulsationally derived (pulsation, beat 
and bump) masses'*"?. For shorter period Cepheids, models 
calculated on the assumption that mass loss on the red giant 
branch has removed enough mass before the Cepheid stage to 
reduce the masses to the ‘beat’ and ‘bump’ masses do not loop 
to the blue far enough to enter the instability strip. However, if 
the mass loss starts only when the star is already in the strip, 
this difficulty is removed. Furthermore, the stars spend most of 
their time near the blue end of the blue loops. Mass loss during 
Cepheid pulsation may therefore have the effect of bringing this 
long-lived stage into the instability strip, allowing more time for 
the stars to lose mass. Observed mass-loss rates for at least some 









in the range required if trapping operates: infrared: 
esses imply mass-loss rates of ~10°° Mo yr”! for SV Vul 
riod 45 days) and RS Pup (42 days); RS Pup appears to be 
‘surrounded by five shells of ejected material im mplying consider- 
ably higher mass-loss rates in the recent past'*'*, For the shorter 
weriod Cepheids, where the mass discrepancy i is most serious, 
circumstellar lines indicative of material moving out with veloc- 
aty v> Dese have been seen in the ultraviolet’®. 
Although various authors have argued that the Cepheid mass 
discrepancy lies entirely with the pulsation models, this con- 
clusion depends on adopting a particular distance scale, for 
example, one with distance modulus (m — M 2 18.7) for the 
Barge Magellanic Cloud. If, as recent studies suggest'’, the LMC 
distance modulus is nearer 18.5, the discrepancy between 
evolutionary and pulsation masses returns. Thus, for example, 
‘Schmidt'* finds only the evolutionary mass to be discrepant on 
inis preferred distance scale. 

There are many other known links between pulsation and 
mass. loss. For examplé, we find pulsations reported for the 
heavily mass-losing R CrB class stars'’; pulsations invoked to 
account for the large mass-loss rates of the Wolf- Rayet stars”; 
anfrared excesses detected for the pulsating RV Tauri stars!“ 
















iAeceived 27 June; accepted 24 September 1984, 
TIO Willson, L. A. & Hill, S. J, Astrophys, J: 228, 854-869 (1979), 
2. Tben, L & Renzini, A. A. Rev. Astr. Astrophys. 21, 271-342 (1983). 
. Liebert, J. A. Rev, Astr, Astrophys, 18, 363-398 (1980). 
, Willson, L. A. [AU Colloq. 89, 353-355 (1981). 
Iben, L & Rood, R. T. Astrophys. J, 164, 587-617 (1970), 
Iben, L A. Reu. Astr, Astrophys, 12, 215-256 (1974). 
. van Albada, T. S. & Baker, N. Astrophys, J. 185, 477-498 (1973), 
. Stellingwerf, R. F. Astrophys. J. 198, 441-466 (1975). 
Cox, A. N, Hodson, S. W. & Clancy, W, D. Astrophys, J. 266, 94-104 (1983). 
. Wallerstein, G. & Cox, A. N. Preprint, Univ. Washington (1984), 


P Opa E 


~ and variability and mass 











loss observed for the luminous su 
giants, with a correlation between the amplitudes of variation — 
and the mass-loss rates”! 
The hypothesis that most, if not all, evolutionarily significant. 
mass loss occurs as the direct or indirect result of stellar pulsation 
promises to resolve some long-standing problems in stellar evol- 
ution theory. It is a hypothesis which may be relatively easy to’ 
incorporate into future theoretical calculations, as the locations’. 
of regions of pulsational instability in the H-R diagram are well 
known. As in this hypothesis mass loss occurs quite rapidly 
during short episodes for most stars, evolutionary changes iñ 
the stellar parameters during such episodes will be small, allow- 
ing at least a partial separation of the mass-loss and evolutionary 
calculations. Efforts to observe and measure mass loss from 
pulsating variables as a function of their pulsation properties 
should provide further constraints on the mass-loss process. 
We are continuing our investigations into the mechanisms 
and rates of mass loss caused by pulsation, for different types 
of stars using detailed numerical hydrodynamics. Here we have 
attempted only to give a brief and qualitative description of | 
some of the major effects of pulsation in stellar systems. A full 
report on the methods and results will appear elsewhere. 
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Fhe Orbiter Infrared Radiometer experiment, aboard the 1978 
Pioneer Venus mission, produced strong evidence for the existence 
of a semidiurnal solar tide in the mesosphere of Venus’. At the 
same time, measurements in situ of radiative fluxes and cloud 
particle distribution, in other Pioneer Venus experiments, have 
provided much information about the structure of the solar heating 
and infared cooling there’, making it possible to calculate the 
thermal tidal forcing functions with confidence, and also allowing 
good estimates of the radiative dissipation rates to be made. 
Because the structure of tidal fields depends sensitively on that of 
he background zonal mean wind velocity, U(6, z), a knowledge 
of the sources and sinks of tidal energy and of the actual structure 
of the tide should allow one to infer the behaviour of U. We show 
sere that a physically reasonable mean flow can be found that 
eads to theoretically predicted tides that are in excellent agree- 
nent with those observed. Our zonal mean flow shows a maximum 
‘elocity of ~130 ms~' at 70 km, decreasing dramatically to ~0 
it 88 km, and a jet-like meridional structure that deviates strongly 
‘rom solid-body rotation. 

The observed semidiurnal thermal tide is taken to be the 
iolar-fixed, wavenumber-two component of the temperature 
ield derived from the Orbiter Infrared Radiometer observations. 
Chi instrument made measurements in five different channels, 
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with vertical response or weighting functions peaked at about 
99, 86, 76, 68 and 64km for channels 1 through 5 respectively. 
We are particularly interested in the region 70-90 km (channels 
2, 3 and 4), as below this the measurements are complicated by 
clouds, and above it the theory loses its validity, owing to the 
weakening of the basic-state zonal wind and the importance of. 
radiative damping. Vertical resolution is limited by the 10-km 
width of the weighting functions—a fact of great importance in 
interpreting any theoretical results, Hence, to compare theory’ 
and observation, we have used the tides predicted by the model 
to generate synthetic radiances, and have compared these with, 
the measurements. Orbiter Infrared Radiometer radiances for 
each channel, accumulated over 72 days, have been binned in 
a solar-fixed, latitude-longitude, zenith-angle grid’. Figure 1 
displays channel 2, 3 and 4 semidiurnal amplitudes and phases, : 
derived from a Fourier analysis of this grid, as a function of 
latitude for two zenith angles. Beyond 65°N, strong short and. 
long term variations in atmospheric structure may introduce 
wavenumber-two features in the time-averaged radiances, whose ` 
interpretation as tides is therefore questionable”, 

Several features appear in the data: (1) The phase increases 
with height. (2) The amplitude in channel 3 is essentially con- 
stant in the meridional direction between 0° and 40°, and then 
decreases strongly. Similar, though less dramatic, behaviour is | - 
seen in channels 2 and 4, which are somewhat more strongly 
peaked in the tropics. (3) The largest amplitudes are those in- 
channel 3, although classical tidal theory predicts a strong 
growth of amplitude with height. (4) There is an increase of 
phase with latitude in channels 2 and 3. 

In the Venus mesosphere, the dominant zonal flow is the 
‘four-day wind’®, an extremely strong super-rotation. Therefore, . 
unlike the terrestrial and martian cases, the assumption of an 
atmospheric mean state represented by a spatially constant 
angular velocity Q in inertial space is unsuitable. As a result, ` 
‘classical’ tidal theory’ is not applicable: in particular, the linear 
tidal equations are no longer separable, and it is in general. 
necessary to resort to multi-dimensional numerical methods for 
their solution®. In the special case, however, where the zonal’ 
wind is a slowly varying function of height, an approximation 

















Fig.1 Observed and predicted semidiur- 
nal radiances. The observed mean ampli- 
tudes and phases in each of channels 2,3 
and 4 are shown for two different zenith 
angles (41°, O; 57°, A). The theoretical 
predictions for these two zenith angles are 
the solid and broken curves respectively. 
The amplitudes are in units of nW cm™? 
sr”! cm, and the phase convention is that 
of ref. (1). This is a representative sample 
of the information available for seven 
different zenith angles. As explained in the 
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_can be used to preserve much of the simplicity of the classical 
¿case (S. B. Fels, unpublished work). This method, which is 
imilar to the Wentzel-Kramers-Brillouin-like techniques 
developed by others” '®, leads to the description of the tidal 
‘geopotential height field ©'(d, z, u) as 


D= et T f(z) Yali, 2) 0) 


Here z = — H log (P/ Po), H is a reference scale height calculated 
at temperature Tp, œ is the longitude, P the pressure, Po the 
surface pressure, and u the sine of the latitude. The partial 
„differential equation governing ®’ can then be treated as though 
it were separable, with no coupling between the various modes. 

The horizontal structure functions Y, are generalizations of 
the usual Hough functions, and satisfy the eigenvalue equation 
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“The vertical structure functions satisfy the simple second- 
_ order ordinary differential equation 
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text, poleward of about 65°, the observa- 

tions are ambiguous, and are therefore not 

shown. The dotted line in the amplitude 

diagram for channel 3 shows the 

meridional structure the tide would have 
for solid-body rotation. 
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CHANNEL 4 (68km) 


Here N(z) is Tọ/ T(z) times the Brunt-Vaisala frequency, whic 
is based on the observed equatorial static stability, and 
independent of latitude; N., the mean-state angular velocity.: 
the equator; a, the planetary radius; R, the reduced gas constan 
J, the tidal heating rate. Below 85 km, the contribution of tt 
higher modes to the sum in equation (1) is small, and so fi 
simplicity we will retain only the gravest mode in our numeric 
calculations. 

The meridional structure of Y, depends strongly on that. 
the normalized angular velocity w(u, z), and so contains info 
mation about the behaviour of U in the horizontal directio 
The vertical wavelength of the tide is roughly 0,a/Ne,, so th 
this quantity provides a measure of the meridionally average 
zonal velocity. In the models we have examined, the grave 
semidiurnal tide has a vertical wavelength of 25 km or less 
the region of interest. 

The tidal heating J is derived by Fourier analysis from tl 
results of a detailed radiative model of the Venus mesosphere: 
This model, whose opacity sources include CO,, SO, and H3¢ 
as well as cloud particles, was constrained by use of Pione 
Venus observations. The results show that there is an importa 
region of excitation near 64 km, due to the strong absorptic 
of ultraviolet and near-infrared solar radiation by the clot 
particles in that region (Fig. 2). A less important heating regit 
due to the near infrared CO, bands appears above 80 km. 

Damping of the tides by thermal infrared transfer’ becom 
important whenever the radiative decay time 7,.4< 7’. This 
generally true above 83km in our models and has been tak 
into account, by modifying equations (2) and (3), to allow f 
the effects of newtonian cooling. The required relaxation rat 
(Fig. 2) were taken from ref. (11), and are those appropriz 
for a disturbance of vertical wavelength ~25km. (They a 
approximately twice those appropriate for an infinite waveleng 
case.) 
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Fig.2 Vertical structure of the model atmosphere from 40-90 km. 
The solid line is N°, the Brunt-Vaisala frequency squared, in units 
of s™? (bottom scale); the dotted line is J, the semidiurnal com- 
ponent of the solar heating function at the Equator in degrees K 
per Earth day (middle scale); the chained line is Taa, the radiative 
damping time in seconds (upper scale). 


_ Although the approximations used in reaching this formula- 
tion: may not be strictly valid, the extreme simplicity of the 
method and the ease with which it allows for interpretation 
make it very useful in preliminary studies like this. The simplicity 
of the theoretical model makes it possible to test many different 
forms for U. We always demand that U, at.60 km, be close to 
the form deduced from Pioneer Venus ultraviolet cloud observa- 
tions’, which imply an equatorial velocity of ~100 ms™', and 
a rotation profile which is close to solid-body. 

Figure 3 shows the structure of U that best fits the tidal 
observations ;.the resulting predictions are given in Fig. 1. The 
agreement is seen to be very good in general. The most noticeable 
errors occur in channel 2, where the latitudinal structure of the 
amplitude and phase is not well reproduced. This is probably 
owing to the inclusion of only one mode, whose structure does 
not: match that of the local heating at 90 km. At this level and 
above, Q rraga is small, and the thermal structure depends largely 
on the local heating. The errors in the amplitude and phase in 
channel 4 are possibly owing to incorrect specification of the 
details of the heating function J. 

The following considerations support our choice of U: 
(1) Solid-body rotation results in tidal fields whose meridional 
structure is much too strongly peaked near the equator. To 
match the observations, especially those of channel 3, it is 
necessary that Q be much larger at 50° than at the equator. This 
has the additional desirable. effect of increasing the vertical 
wavelength of the tide between 70 and 86 km. Without this, and 
without the region of large U between 67 and 71 km, the phases 
of channels 2 and 3 would be much too large. 

(2): The existence of the overall e*/°” term makes it extremely 
difficult to keep the channel 2 amplitude below that of channel 

, unless U decreases dramatically with height above 78 km. 
This has the effect of reducing the parameter Qr,,4. so that 
d: m ing becomes effective. Also it reduces the vertical 
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Fig. 3 Vertical and meridional structure of U(9, z), the zonal 
mean wind used in the theoretical tidal model. ` 






wavelength near 88 km, so that the averaging effect due to th 
thickness of the channel 2 weighting function becomes impor 
tant. The same conclusion has been reached independently: y 
Pechmann®. ; 

The meridional variation in the phase-of the tide is largely 
owing to the effect of radiative damping which destroys 
modal character of the horizontal eigenfunction, and’ callow 
some meridional propagation to occur. 

Whereas it is possible to find other mean-state U structuri 
which give equally good tidal predictions, they all share th 
chief characteristics of that displayed here. They are also 
general agreement with those deduced by Limaye (S. S. Limay 
paper presented at Venus Int. Ref. Atmos. Workshop, Hambur 
1983) on the basis of cyclostrophic balance with the measure 
zonal mean temperature, but differ in that the balanced: winds. 
are considerably weaker in the tropics than are ours. However, 
such diagnostic calculations are not without problems’’, and 
particularly so in the tropics. The tidal calculations, on the othe 
hand, do not share this deficiency. Indeed, the tidal temperature 
perturbations based on Limaye’s U disagree with observation: 
in two respects: they are too strongly peaked at mid-latitudes: 
and their channel 2 and 3 phases are too large in the tropics by 
50°. This is true even when U in the tropics is held fixed at its 
value at 30°. If, as Limaye suggests, U decreases towards th 
equator, these failures would be even more pronounced. If, o 
the other hand, U were to increase equatorward of 30° (S, 
Limaye and A. J. Kliore, preprint), the agreement with observed 
tides would be better. 

The form of U which we propose is not only broadly con- 
sistent with observations'*'*, but also with theoretical specula- 
tion on the role the tides themselves have in decelerating the 
mean flow above the forcing region”. In addition, conclusions 
quite similar to ours have recently been reached by P. J. Valde 
(personal communication) using a two-dimensional numerical 
tidal model. Although this increases confidence in our result 
their confirmation must await further observations. 

This work was begun while one of us (S.B.F.) was a visitor: 
in the Department of Atmospheric Physics, Oxford University: 
We thank Drs D. G. Andrews and F. W. Taylor for useful 
discussions, and Mr P. J. Valdes for showing us his calculations 
before their publication. 
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_ Charting snow cover by shortwave imaging requires visual analysis 
which is complicated by cloud coverage and poor surface illumina- 
ion'”, Microwaves, however, being almost unaffected by clouds 
and: independent of solar illumination, are potentially useful for 
monitoring the extent and variation in snow cover, in climatological 
and hydrological studies. Data from spaceborne passive microwave 
- sensors have previously been used to chart regional overland snow 
cover’*; but charting hemispherical snow coverage was not feas- 
“ible until high spatial resolution and multiple channels were com- 
bined in the Scanning Multichannel Microwave Radiometer 
-(SMMR) launched in 1978 on the Nimbus-7 satellite. Here we 
compare SMMR data with shortwave images obtained over Asia 
-to justify further use of microwave sensors in automated charting 
cof seasonal snow cover under all weather conditions. Agreement 
between the two methods is found in ~75% of the tested grid points. 
Microwave radiation emitted from the Earth’s surface is detec- 
ted by the Scanning Multichannel Microwave Radiometer at 
five frequencies, in two polarization planes. Radiance in the 
“microwave region is usually expressed by the apparent bright- 
ness temperature T,= eT, where T is the physical temperature 
_of the emitting layer and e is its emissivity (e = 1). The emission 
comes from throughout the snow pack as well as from the 
- underlying ground. The discrimination of surface types is poss- 
ible mainly because of differences in emissivity. Figure 1 shows 
< some examples. Whereas a snow-free soil shows little variation 
in emissivity over the whole frequency range, the emissivity of 
«dry snow decreases with increasing frequency. This decrease 
. depends on the thickness of the scattering layer and gives an 
indication of the water equivalent of the dry snow. The micro- 
«wave penetration depth of wet snow is small owing to the high 
_ dielectric losses of water, so that the microwave signatures of 
dry. and wet snow differ significantly. Regions undergoing a 
daily freeze-thaw cycle, commonly observed over melting snow 
fields in spring, can be recognized by comparing day and night 
microwave signals. However, a snow layer which is continually 
wet cannot be distinguished from snow-free ground by our 
_ algorithm, which may underestimate the snow fields undergoing 
“heavy melt®. 
The preceding snow cover parameters can best be obtained 
-by an analysis of the 18 and 37 GHz horizontally polarized 
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Fig. 1 Brightness temperatures (7),) and emissivity (e) at micro- 
wave frequencies for: (1) an ideal black-body (assumed physical 
temperature of 273 K); (2) snow-free ground; (3) and (4) a flat 
sea surface, (3) horizontal and (4) vertical (physical temperature 
~ 10°C, incident angle ~ 50°): (5) snow-covered ground or old sea 
ice and (6) with increasing snow depth (horizontal). Curves (2), 
(5) and (6) are typical values obtained from ground-based micro- 
wave sensors’? and curves (3) and (4) are based on theoretical 
calculations and measurements’. A and B mark the SMMR 
frequencies used for snow retrieval. 


SMMR channels’, with spatial resolution of 60x60km and 
30 x30 km, respectively. The data from three days and nights. 
during a five-day interval, give complete coverage for area: 
polewards of 25° latitude. Because of satellite power limitations 
data are recorded only on alternate days. The fully automatec 
analysis consists of reading the data from tape, applying thi 
retrieval algorithm and displaying the data on a colour screen 
A pixel is classified as covered with dry snow when the difference 
in brightness temperature between the 18 and 37 GHz data i: 
less than a prescribed threshold determined empirically from 
tests with ground data from throughout the middle and higt 
latitudes of the Northern Hemisphere. Additional threshold: 
enable further differentiation between cover of more than 10 cr 
and thin or patchy snow. The result shows the maximum exten 
of snow cover over the five day period. The algorithm i: 
described in more detail by Kunzi et al’, 

To assess the accuracy of the microwave analysis, we com: 
pared the SMMR data with snow charts based on shortwave 
imagery from March 1979. The central Asian region was selectec 
because its terrain and vegetation are highly variable, becaus« 
high-quality cloud-free i imagery in the visible is common. at thi: 
time of the year and because it is climatologically important* "° 
As only a limited number of ground stations in this region repor 
snow, only remote techniques can be used. 

Snow was charted from the shortwave imagery collected dail: 
by a polar-orbiting Defense Meteorological Satellite Progran 
sensor with a spectral range of 0.4-1.1 um and subtrack resol 
ution of 2.8 km (ref. 11). Imagery was available on ungriddec 
positive film transparencies on a scale of 1:15 million. A trainec 
observer examined visually the transparencies from consecutiv: 
days and plotted the snow coverage on a gridded base-chart 
Snow cover was differentiated from clouds and snow-free lam 
by its characteristic surface brightness, textures and per 
sistence'*"7, Two classes, full and partial cover, were distin 
guished. Areas where persistent clouds completely obscured th 
surface throughout the study period were charted as such an 
excluded from the analysis. 

Microwave and shortwave charts for the intervals 11-1 
March and 21-25 March 1979 were compared. No adjustment 
were made to improve the apparent agreement. Figure 2 show 
the charts for 11-15 March. Grid points at the intersections o 
every 2.5° of longitude (50°E-140°E) and 1° of latitude (28°N 
60°N) were categorized according to charted microwave ani 
















Fig. 2 Scanning Multichannel Microwave Radiometer (a) and 

Defense Meteorological Satellite Program (b) derived Asian snow 

cover for 11-15 March 1979. Fully snow-covered ground is shown 

in light stipple, partially covered is in dark stipple and snow-free 
is blank. Persistent cloudiness in b is hatched. 


shortwave conditions. The results are shown in Table 1. Only 
3.5% and 4.5% of the 924 gridpoints analysed on the 11-15 
March and 21-25 March charts, respectively, were excluded 
because of persistent cloud cover. However, in other seasons 
clouds are more frequent in this region. Areas classified on the 
microwave charts as having dry snow deeper than 10 cm were 
assumed to be fully covered. 

There is reasonable agreement between the microwave and 
shortwave classifications of surface conditions. Complete agree- 
ment is found over 76.4% (11-15 March) and 73.5% (21-25 
March) of the area, whereas only 3.9% and 8.6% show full 
snow. cover in one chart and no snow in the other (Table 1). 

The best agreement between the charts occurs in areas where 
shortwave charts show full cover and where microwave charts 
show snow-free ground. Microwave charts tend to indicate more 
snow than the visual analysis. This is true for situations where 
partially covered areas in microwave analyses are classified as 
snow free in shortwave charts, and where full cover on micro- 
wave charts is seen as partial cover in the shortwave. Disagree- 
ment is most frequently observed over the Tibetan plateau, where 
snow-free ground intersperses the snow-capped mountains. 
Possible reasons for this are: (1) the much higher spatial resol- 
ution of the shortwave chart enables the recognition of 
individual snow patches covering only a small portion of an 
area, whereas microwave signals from these snow patches are 
combined with those of the adjacent snow-free ground and the 
area as a whole is classified as partially snow-covered; (2) 
imagery employed in this study may reflect time differences of 
up to 4 days, so that the snow observed in one set may have 
been absent in the other; (3) night-time dry-sand microwave 














Table 1 Comparison of microwave and shortwave-based- 
classification in per cent of the total number of gridpoints 









11-15 March 1979 






Microwave classification 
Fully snow- Partially Snow- 
covered covered free 







Shortwave 
classification 


Sum | 
shortwave 

















Fully snow- 









covered 39.7 2.5 0.5 42.7% 
Partially 

covered 8.4 3,5 2.6 14.5% 
Snow-free 3.4 6.2 33.2 42.8% 
Sum 

microwave 51.5% 12.2% 36.3% 






21-25 March 1979 











Microwave classification 
















Shortwave Fully snow- Partially Snow- Sum 
classification covered covered free shörtwave:: 
Fully snow- 

covered 35.3 2.8 2.4 40.5%. 
Partially 

covered 4.5 2.7 3.1 10.4% 
Snow free 6.2 7.4 35.5 49.1% 
Sum 

microwave 46.0% 12.9% 41.0% 
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signatures are similar to those of thin dry-snow layers because 
the frequency-dependent penetration depth in dry sand ji 
approximately several wavelengths and vertical temperature 
gradients in the sand on clear nights are strong. 

The Scanning Multichannel Microwave Radiometer has now 
provided satellite data for almost six consecutive winter seasons 
in the Northern Hemisphere. Additional tests with shortwa\ 
satellite images and, where available, correlative ground data 
will further our understanding of the microwave data set. At 
present the multispectral microwave method appears to be very. 
promising for automated large-scale charting of snow. This wil 
prove invaluable, especially in autumn and early winter when. 
snow fields develop in poorly illuminated areas under heavy. 
cloud cover, making conventional charting difficult and inaccur- 
ate'*. However, full substitution of shortwave snow-cover analy: 
sis by microwave mapping will not be possible in climate studies 
as one of the most critical snow parameters, its high albedo, 
cannot be assessed using microwaves. 

We thank Michael Fried for assistance with the shortwave. 
analysis. This project was supported by the Swiss National 
Science Foundation, the Austrian Funds zur Forderung der’ 
Wissenschaftlichen Forschung and NSF contract ATM82-00863: 
This is Lamont-Doherty Geological Observatory contribution 
no. 3730. 
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The Campania—Basilicata earthquake of 23 November 1980 was 
the largest (Ms =6.9) and most destructive earthquake that has 
occurred in this region of southern Italy for over 100 years, killing 
niore than 3,000 people. The consensus among seismologists, geol- 
ogists and earthquake engineers who have studied'~'° this event 
is, in keeping with previous Italian earthquakes, that it did not 
produce faulting at the surface. This has led to the establishment 
of a number of models**''~” requiring an unusual tectonic setting 
for the southern Apennines. However, on a recent visit to the 
epicentral region of the earthquake (May 1984), we discovered 
more than 10 km of surface faulting that is consistent with focal 
mechanisms for this event, based on first motion polarities”**'” 
and long period waveform studies'*~'°, which show that it involved 
‘normal faulting with one nodal plane dipping at ~60° towards 
the north-east. Our observations of this—the first well-documented 
earthquake fault break to be reported in Italy—-suggest that the 
deformation associated with earthquakes in the southern Apen- 
nines takes place in the upper 10-15 km of the Earth’s crust on 
steep planar normal faults which break the surface, as is widely 
observed in other areas of active extension outside Italy. 

“We found most of the fault break at altitudes of > 1,300 m in 
remote limestone mountains, covered with dense beech forest, 





“Fig. 1 Positions of the observed 
fault break of the 1980 earthquake in 
relation to mainshock and aftershock. 
locations. The focal mechanism for 
the mainshock (lower focal hemi- 
sphere, equal area projection, com- 
“pressional quadrants shaded) is by 
Westaway and ïs based on first 
motion polarities observed at long 
period stations of the World-Wide 
Standard Seismograph Network. The 
north-east dipping nodal plane (dip 
60°, strike 315°) is well constrained, 
and the other nodal plane (dip 30°, 
“strike 125°) has been drawn to give 
_ the mechanism the same rake as in 
the observed fault break (80°), 
assuming the north-east dipping 
_ plane is the fault plane. This second 
nodal plane is not well constrained; “Benevento 
<a its strike can be varied by up to 20° Avellino 
. without introducing an inconsistency ° 
<> with any observed first motion 
polarities. Mainshock location 1, 
constrained at 0km depth, is that of 
the ISC (International Seismological 
Centre}, obtained from arrival times ISE 
at 506 teleseismic stations. Location 
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remained © snow-covered until the- spring following -the 
earthquake and, consequently, the fault break escaped detection 
at the time of the earthquake. In the spring of 1981 the area 
was visited by many scientists (for example, the authors of refs 
6-10, 17). Geologists from CNEN (Comitate. Nazionale 
dell’ Energia Nucleare) photographed parts of the break and, 
having interpreted it as a landslide, sent us their photographs, 
prompting this subsequent investigation. Our observations, 
when combined with the seismological evidence discussed 
below, strongly suggest that these surface breaks are of primary 
tectonic origin, and are not superficial effects. 

Figure 1 shows the two separate segments of fault break 
identified. The longer segment is situated near the north-west 
end of the Monte Marzano-Monte Paratiello massif, to the east 
of the upper Sele valley (Figs 1, 2a), and consists of several 
strands each striking at approximately 300° and downthrown to 
the north-east. It extends for ~10 km from Piano Acquafredda, 
southeastwards to Piano Neurale. Between the strands it steps 
to the right, making its overall strike closer to 320°. The vertical 
displacement across the break is ~l m in the middle of each 
strand, but smaller towards the ends. Much of this segment was 
well-known to local shepherds and labourers, who confirmed 
that it did not exist before the 1980 earthquake. Observations 
of a part <2 km long, around the Piano di Pecore, have already 
been reported”’®. These authors believed the break to be a 
secondary feature due to slipping or subsidence of superficial 
sediments. However, the individual strands of the break are 
straight, cutting across the topography. The overall trend of this 
segment is linear and crosses from the northeastern side of the 
high topography to the southwestern side near the col of Piano 
di Pecore, South-east of locality 5 in Fig. 2a, the uphill side of 
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2, at 16+ | km depth, by del Pezzo et al.'*, was obtained using 11 Italian regional stations within 200 km of the epicentre. All the stations used 
lie in the north-west or south-east quadrants, and this inadequate azimuthal coverage makes the location of the epicentre potentially unreliable. 
Location 3, at 16+2km depth, was obtained by Westaway using the location program HYP07175 with data from 49 regional stations within 
400 km. Because Balkan and Sicilian stations are now included, the azimuthal coverage is much better and the horizontal coordinates are better 
“determined, but as with location 2, the focal depth is not well determined, even though the nominal uncertainty in depth, calculated by the 
“Jocation program, is small in both cases. Location 4, at 1548 km depth, was obtained by Westaway by relocating the mainshock relative to a 
large aftershock”®, the location of which is well determined by the temporary local seismograph network. Sixty-three stations were used in this 
relative relocation. Depth is not well determined in any of the locations 1-4, although preliminary waveform modelling’ and aftershock locations 
suggest that the mainshock nucleated somewhere in the depth range of 10-15 km. Although our preferred location is 4, numbers 2, 3 and 4 are 
-allin about the same place and are certainly expected to be more reliable than the ISC location. Although the reported errors for the ISC location 
< are small, it is systematically misplaced to the north of the true location, a feature common to many teleseismic locations in the Mediterranean 
area, for which most of the stations recording any earthquake are to the north. The assumption that the ISC location is correct has led to the 
suggestion’ that the 1980 mainshock was caused by the motion of a fault whose surface expression is the large topographic escarpment 
~: extending south-east from Laviano past Muro Lucano as far as Bella-Muro railway station, This escarpment forms the northeastern edge of 
the Monte Marzano-Monte Paratiello limestone outcrop. The observations presented here do not support this suggestion. 





















osures of a limestone fault surface with a consistent dip and 
strike, which at several places (for example, localities 1, 3 and 
6.in Fig. 2a) appears to have moved in the past. The overall 
pattern of successive strands stepping to the right implies that 
the normal fault has a small component of left-lateral strike 
slip, and agrees with the sense of the motion at the one place 
where it could be directly measured (locality 7 in Fig. 2a). These 
observations strongly suggest that this segment is a fault break, 
not a landslide, and, as the largest aftershock was of only m, = 48 
(Ms = 4.4), the fault probably moved in the mainshock itself. 
Figure 1 compares the position of this break with aftershock 
locations obtained from a network of more than 30 temporary 
seismographs installed in the epicentral area following the main- 
shock”! In the centre of this network, aftershocks could 
be located with an accuracy of ~+1 km in horizontal coordinates 
and ~+2km in depth. Most aftershocks are shallower than 
12 km, with some as deep as 15 km. A clear feature of Fig. 1 is 
the cutoff in aftershock locations within 1 km of the position of 
the north-west segment of fault break. Very few aftershocks 
occurred south-west of this. 

‘The second segment of fault break, with a throw of ~0.5 m, 
was:found in the Pantano di San Gregorio about 5 km east of 
the village of San Gregorio Magno, situated about 16 km south- 
-east of Piano di Pecore (Fig. 2b). Although only 3 km long, this 


“Fig. 2. Detailed maps of the location: a, of the northwestern (Piano 
di Pecore) segment of fault break; b, of the southeastern (San Gregorio) 
segment. a, Between Piano Acquafredda and Piano di Pecore, the 
northwestern segment runs for 6 km along a northeast-facing escarp- 
ment, which rises to the summits of Monte Valva and Monte Marzano 
and which is mapped as a fault offsetting Cretaceous limestone. This 
escarpment continues 4km further north-west to the edge of the 
limestone outcrop, and, though it is possible that faulting continued 
along this section also, it could not be traced because of the rugged 
topography, the thickness of scrub, and the debris from landslides 
covering much of this area. At locality 1, close to Piano Acquafredda, 
the break cuts a little-used forest track, and is visible in the track 
cutting. It is clear that at this point the same fault plane has moved 
in the past, as alluvium on the north-east side has been faulted down 
against limestone. The break can be followed through the forest to 
locality 2, where a 100-m long continuous limestone face (dip 63°, 
strike 304°, throw | m) with a smooth surface of cemented fault breccia 
is exposed. At locality 3, the break follows an abandoned forest track 
which appears to have been built along a ledge created by past motion 
of the same feature. At 4, one of the localities first noted in 1981°!°; 
it descends the mountain side and cuts a road, originally forming a 
step with an offset of 1 m, now filled in, but still clearly visible. Close 
to the road the break resembles a landslide, but to the north-west it 
follows a uniform strike (310°) for 1 km, with frequent exposed planar 
surfaces of polished limestone breccia along it. To the south-east it is 
visible as a 0.5-m high scarp, downthrown to the north-east, and 
crossing Piano di Pecore; a small, flat, alluvium-filled basin on the 
northeast side of the escarpment. This basin is ponded by the escarp- 
ment and drains through it to the south-west. Further south-east, the 
break is again visible close to the top of the ridge separating Piano 
di Pecore from Piano Neurale. Along most of this section, the down- 
thrown side, still to the north-east, is uphill. At locality 5, there is 
another exposure, 50 m long, of a planar limestone surface (dip 62°, 
strike 306°, throw 0.8 m) covered with fault breccia. At locality 6, the 
break occurs on the southwest side of a 100-m long gulley, which a 
stream has eroded to a depth of 4m into the limestone, separating it 
from the uphill slope to the north-east. This again suggests that the 
same feature has moved previously, before the 1980 earthquake. Fur- 
ther south-east, the break descends the south-west face of the ridge 
before finally dying out close to Piano Neurale. An extensive search 
further south-east failed to yield any evidence of continuation. At 


locality 7 (Figs 3, 4) the fault break occurred on a polished planar limestone surface with strike 298° and dip 60°. The base of this surface 

was stained by alluvium and indicates a throw of about 0.5 m during the earthquake. Striations on the stained surface indicate a slip vector 

with rake 80° north-west, that is, with a small (10°) component of left lateral motion. This is consistent with the right-stepping nature of the 

entire north-west segment, a feature observed in many other earthquakes, for example, ref. 27. b, Photographs!” 

inthe Pantano di San Gregorio, taken in 1981, showed a surface break on this plain at locality 8 and, although the area has subsequently 
< been. ploughed over, the vertical offset of ~0.5 m, which strikes at 306° and is downthrown to the north-east, is still visible west of the road 
- running around the south side of the plain. On the other side of this road, at locality 9, the rupture follows a polished limestone fault surface 
_ exposed at the edge of the plain (dip 68°, strike 298°, throw 0.4 m). This rupture could be traced for ~500 m before it became lost in the scrub. 
= This segment may have extended further north-west of the Pantano di San Gregorio, but this could not be verified as the north-west edges of 
the plain, and.the surrounding hillsides, have been covered with rubble dumped from the shattered village of San Gregorio Magno. 





ipture is downthrown. “Along. the break there are rea : southeast segment has a similar strike to and lines up 
































strike with the north-west segment. A cluster of large aftershocks 
(Fig. 1) has been located under this segment, although, being 
situated near the edge of the temporary seismograph network, 
their locations are less reliable than those further north-west, 
This evidence and that of a limestone fault surface observed:at 
locality 9 (Fig. 2b) suggest a primary tectonic origin forthe- 
surface displacements in this segment also. Moreover; as. dis- 
cussed below, the north-west segment cannot, by itself, account 
for all the faulting in the mainshock. 

The displacements measured in the field are consistent with 
the observed drop in elevation obtained by relevelling' in 1981 
along a road running approximately parallel to but 8-12.km 
north-east of a line joining the two observed segments: of fault 
break. Since the first levelling in 1959, the elevation of the road 
between Bella-Muro railway station (Fig. 1) and a point 6km 
north of Laviano (Fig. 2a) had decreased by 20 cm in thé-eas 
and up to 70 cm in the west, presumably as a result of the 1980 ; 
earthquake. 

Figure 1 shows relevant seismological observations, includiny 
a focal mechanism and four possible epicentral locations for 
the mainshock, of which location 4 is probably the most reliable. 
A planar downward projection of the surface faulting (mean 
dip 62° north-east, strike 320°) passes beneath epicentre 4 at 
depth of 10 km with an orientation almost the same as. that of 
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Fig. 3 The fault break looking north-west from locality 7. This is 
one of the few places where the surface break crosses open ground. 


the north-east dipping nodal plane in the focal mechanism of 
the mainshock (dip 60° north-east, strike 315°). Our observations 
are thus consistent with a planar fault geometry and a nucleation 
depth of 10km for the mainshock. This depth is within the 
uncertainty in depth for location 4. Such a planar geometry is 
seen for other active normal faults whose source parameters are 
well resolved”’. 

However, it is clear that the observed break on the north-west 
fault segment cannot account for all the motion that took place 
during the mainshock. The seismic moment of the mainshock, 
obtained by a moment-tensor inversion of long period body 
and surface waves", is 3x 10'? Nm. Assuming a displacement 
of | m on a fault that extends 10 km horizontally, and from the 
surface to 15 km depth at a dip of 60° (corresponding to the 
north-west fault segment), the moment released would be only 
6x10'® Nm in rocks with a shear modulus of 3x 10° N m”. 
Additional faulting must have occurred elsewhere, and in the 
absence of any other information, the clusters of aftershocks 
shown in Fig. | may indicate further segments where faulting 
occurred during the mainshock. The ends of these segments 
occur at places where major structural discontinuities, such as 
that marked by the Sele valley*', intersect the structural and 
topographic trend. To account for the moment estimated from 
moment-tensor inversion, the amount of slip on each of these 
segments would need to be less than | m. This type of segmented 
fault geometry, controlled by structural discontinuities on a scale 
of ~10 km, appears to be common for large crustal earthquakes 
(see, for example, ref. 22). 

The 1980 earthquake was the largest to have occurred in this 
region of southern Italy since the event of 16 December 1857, 
which occurred about 80 km further south-east and was studied 
by Mallet”. He reported no surface faulting associated with the 
1857 event, but he was in the epicentral area only between 
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Fig. 4 


Close up photograph, facing south-west, of the fresh stri- 
ations (parallel to the pencil), stained by alluvium, observed on 
the fault at locality 7, indicating a small left-lateral component of 
strike slip. 


February and March 1858, and was unable to examine the high 
mountains then covered in snow. Consequently, surface faulting 
in the 1857 event may have occurred, but remained undetected. 

Between 1857 and 1980, two earthquakes comparable in size 
to the 1980 event occurred in the same area. Neither of these 
events on 23 July 1930 (Ms =6.5)° and 21 August 1962 (Ms = 
6.2)", was well recorded, and the uncertainty in the hypocentral 
location in both cases is much greater than for the 1980 event. 
The reported depths of 40 km (ref. 24) and 28 km (ref. 2) for 
the 1962 event are unreliable, particularly as the closest instru- 
ment to record this event unambiguously was more than 500 km 
distant. Thus, the 1980 event provides the main body of reliable 
information on which to base an understanding of the neotec- 
tonics of the southern Apennines; the evidence presented here 
suggests that deformation in this region occurs in the brittle part 
of the upper crust, on steep planar normal faults which break 
the surface. 7 
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WEclogite, a garnet-pyroxene rock with basaltic chemistry, is a 
jproduct of unusually high-pressure metamorphism. In Scotland, 
lit occurs within the Caledonian orogenic belt close to the Moine 
thrust, where it forms partially amphibolitized, easterly-dipping 
Mayers, associated with metasediments in the eastern Glenelg 
WLewisian inlier’*. In spite of its potential importance for an 
understanding of the geological history of north-west Scotland, 
lts age has never been established more precisely than ‘probably 
Wroterozoic’. A K-Ar omphacite age of 1,515 Myr’ is rendered 
junreliable by the possible presence of excess argon. We report 
there the results of an attempt to date the eclogite metamorphism 
iby the Sm-Nd method. Two samples of eclogite yielded mineral 
lisochrons of just over 1,000 Myr. The results represent clear 
tevidence of Grenville metamorphism in Scotland, and imply close 
proximity of its front to the Moine thrust near Glenelg. Also, as 
the local Moine cover has not apparently reached eclogite facies, 
lit was presumably deposited on an eroded Grenville basement. 
The two samples selected for analysis, $215 and $274, are 
fresh, coarse-grained (>2 mm), granoblastic rocks: $215 con- 
sists of pale green, omphacitic pyroxene, pink garnet and some 
interstitial pargasite; $274 has more deeply coloured omphacite 
and garnet, and contains much quartz. Both rocks carry 
accessory rutile and show slight breakdown of omphacite to 
pyroxene-plagioclase symplectite. Mineral and rock composi- 
tions are given in Table 1: garnet and omphacite are unzoned: 
the rocks are meta-tholeiites. The eclogite samples were collected 
from the tract of country extending south-west from Loch Duich, 








; ; mphibolitization ar 
minimalt. $215 comes from a thick eclogite layer overlying | 
spectacular cliff of marble, above Lochan na Beinn Fhada (gri 
ref. NG 860234); S274 comes from another thick layer at 
Cruachan Eilgeach (NG 841212). 

The results of the analyses are presented in Table I and Fig 
1. The mineral-whole rock isochron ages, 1,010+ 13 Myr an 
1,082 24 Myr (Asm =6.54X107'? yr", 2a uncertainty), are 
interpreted as reflecting the closure of Sm and Nd isotopi 
exchange between garnet and omphacite during post-metamor- 
phic cooling. The blocking temperature for this system has bee 
estimated as 600°C (ref. 6); it was probably reached relatively 
soon after eclogite formation, as the high pressure of meta 
morphism (>12 kbar, see below) suggests that the crust was- 
unusually thick, and that isostatic recovery would havé been” 
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Fig. 1 Sm-Nd mineral whole-rock isochrons from two samples 

of Glenelg eclogite. xq is the initial “*Nd/'*Nd ratio expressed 

as the deviation in parts per 10* from the contemporaneous Nd- 
isotope ratio of the bulk earth. 





Table 1 Major and rare earth element data for eclogite samples 














$215 $215 $215 

rock gt cpx 
SiO; 47,33 39.02 53.76 
TiO; 1.29 ND 0.28 
ALO, 12.60 22.02 7.65 
Fe,0; 13.73 == 2.09 
FeO ae 22.12 3.75 
MnO 0.28 0.64 0.06 
MgO 10.54 8.41 10.39 
CaO 12.93 7.78 17.15 
Na,O 2.53 —_ 4.45 
K30 0.04 ee 0.01 

Total 101.27 100.00 99.60 
La =a 0.439 2.59 
Ce wa L18 21.5 
Nd 6:30 1.61 31.6 
Sm 2.40 2.22 10.6 
Eu = 1.24 2,89 
Gd a 6.76 8.28 
Dy eae 11.3 3.46 
Er a 7.01 0.884 
Yb a 6.33 0.467 
Sf ANd 0.2015 0.8348 0.2029 

Nn d/ ANd 0.51243 +4 0.51696 + $ 0.51247 +1 


ealed | 


copy at Trinity College, Dublin, ND, not determined. 
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Clean garnet and clinopyroxene fractions in the size range +60-120 mesh were prepared using a Frantz-type magnetic separator. Mineral separates. 
and rock powders were finely ground in a small agate ball mill, leached for 30 min in 6 M HCI and dissolved in a mixture of HF and HNO;,, in” 
flon bombs. Samples were taken up and aliquots collected for spiking in 2.5 M HCL. Rare earth element analysis was done in three fractions. _ 
ndard isotope dilution techniques”. Nd isotopes were measured as the metal species, normalized to '*°Nd/'*4Nd = 0.7219. Repeated 
of BCR-1 yielded '*°Nd/'“Nd = 0.51262%2. Rock analyses were by X-ray fluorescence spectroscopy?! on previously ignited samples. 
al analyses were by Cambridge Geoscan”*.. Fe in garnet was taken as FeO. Fe?*/Fe** ratios in pyroxene were obtained by Méssbauer 








$274 $274 $274 S135 
rock gt epx rock 
49,33 38.57 53.56 52.46 
3.31 0.05 0.28 1.59 
12.89 21.71 8.67 13.26 
17.89 _ 2.87 15.19 
— 26.57 5.62 — 
0.18 0.53 0.02 0.26 
6,22 5.86 7.98 6.61 
8.83 6.69 14.54 8.79 
2.03 _ 5.50 1.86 
0.04 — _ 0.07 
100.72 99.98 99.04 100.09 
_ 12.7 57.1 _ 
= 33.7 106 m 
34.7 24.5 67.0 9,28 
6.91 15.2 12.8 3.16 
_ 7.27 2.98 — 
— 31.3 8.12 — 
_ 35.5 3.31 _~ 
—_ 18.5 L17 — 
~ 15.0 0.826 — 
0.1206 0.3753 0.1156 0.2059 
0.51179+2 0.51348 +2 0.511751 0.512211 
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Fig. 2 Rare earth element variations in coexisting garnet- 
clinopyroxene pairs. 


rapid. We infer, therefore, that metamorphism occurred at 
~1,100 Myr, that is, during the Grenville orogeny. Of course, 
itis possible that the eclogite metamorphism was even earlier, 
and that Grenville overprinting caused thermal resetting of the 
isotopes without otherwise affecting the mineral compositions. 
However, this seems unlikely because retrogressive metamorph- 
jsm observed at Glenelg is, at most, of lower amphibolite facies 
(<600 °C) and Sm-Nd mineral isochrons are known to survive 
such metamorphic conditions’. The isochrons presented here 
have certainly survived Caledonian reworking. 

Also, consistent with the estimated blocking temperature, 
quilibrium distribution of rare earth elements seems not to 
‘have occurred in eclogites formed below ~600 °C (ref. 8). Where, 
‘as in the present case (Fig. 2), equilibrium was achieved, the 
distribution coefficient Kf" (=Sm/Nd,,/Sm/Nd,,,, where gt 
‘and cpx represent garnet and clinopyroxene respectively) will 
presumably vary inversely with temperature. The Glenelg 
clogites (Kp = 3.6-4.1) therefore imply a higher closure tem- 
perature than the Scourie granulites (Kp = 4.6-5.8) even though 
the latter record higher metamorphic temperatures. The higher 
closure temperature at Glenelg is thought to reflect more rapid 
cooling. 

A Grenville age for the eclogite is significant because it implies 
that the eastern Glenelg Lewisian lies east of the Grenville front. 
The age supports the suggestion that the basement to the 
‘Caledonian belt in Scotland underwent Grenville reworking’, 
and it leads us to speculate that the Moine thrust is a reactivation 
of the older Grenville front. The precise location of the Grenville 
ront in the vicinity of Loch Duich appears to be the boundary 
‘between the eastern and western Glenelg Lewisian, as the latter 
preserves hornblende and biotite K-Ar ages of 1,600- 
2,200 Myr”. 

. What was the tectonic framework for generating eclogite so 
lose to the Grenville front? The compositional data in Table 
1 permit a general estimate of metamorphic temperatures and 
: pressures. to be made. Garnet-clinopyroxene geothermometry 
‘suggests a temperature close to 700°C (ref. 11), at which a 
“pressure >12-kbar would be required to stabilize eclogite of 
tholeiitic composition’. Textures in associated eclogite facies 
pathic gneisses indicate i intense, syn- „metamorphic shearing 
on planes now dipping gently to the east*. The observed combi- 
nation of pressure, temperature and strain suggests crustal imbri- 
ation, the Grenville crustal segment possibly having been thrust 
‘westward over the Hebridean craton. 


Moine metasediments? In marked contrast to the conditions for 
eclogite facies recorded in the basement, the Moine cover along 
the western margin of the Caledonian orogenic belt shows ne 
sign of having exceeded conditions for lower amphibolite 
facies". Also the local Moine stratigraphy straddles the boun- 
dary between the eastern and western:-Lewisian'*. We therefore 
favour the view that Moine sediments were deposited on-a 
deeply eroded Grenville basement. Viewed in this light, the 
Rb-Sr whole-rock isochrons of ~ 1,000 Myr for the southwestern 
Moines'*"!? would be interpreted as dating post-tectonic 
sedimentation and diagenesis rather than regional metamorph. 
ism. The ®’Sr/*°Sr initial ratio, which is uniform at 0.709 ove! 
a wide area'’, may reflect the average value for the source ol 
the Moine sediments. Incidentally, the ~1,000 Myr isochror 
from the Torridonian Stoer Group has the same initial ratio’® 

Returning to the eclogites, the Nd model age for the whole. 
rock sample with a low Sm/Nd ratio (S274) is ~ 1,700 Myr. Thi: 
is the time at which the igneous precursor to the eclogite woulc 
have formed from mantle material of chondritic Sm/Nd anc 
30 d/'4Nd ratios'?. The age is consistent with the basemen 
east of the Moine thrust having experienced considerable mid 
Proterozoic magmatism’. However, it would be unwise to attact 
too much significance to this model age as the other whole-roch 
sample analysed (S215), together with a third (S135 from gric 
ref. NG811164, Table 1), yielded unrealistic Nd model ages 
Both have near-chondritic Sm/Nd ratios, but low '?Nd/'*Nc 
ratios, which may reflect partial isotopic exchange with ‘old 
Nd in the associated Lewisian metasediments, possibly. at the 
peak of eclogite metamorphism. 
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Pristane and phytane, C,, and Cp isoprenoid alkanes respectively 
are major components of many ancient sediments and crude oil 
The phytyl side chain of the chlorophyll a molecule was believe: 
to have. been the natural source of these hydrocarbons, but th 
mechanism by which phytane. and. pristane are generated from th 
phytyl moiety of chlorophyll, under geological conditions, remaii 













n crude oils, as both flash pyrolysis and thermal degradation 
f a-tocopherol yield prist-l-ene as a major product. The organic 
soieties in the kerogens from which prist-1-ene is generated were 
reviously shown to be similar to those yielding pristane under 
atural conditions’, As a consequence, pristane and phytane might 
ery well originate from different precursors. 

Fifty years ago, Alfred Treibs’ demonstrated the presence of 
iorphyrins in ancient sediments and crude oils. These com- 
ounds indicated the biological origin of petroleums: their com- 
ton tetrapyrrolic skeleton suggested that they were derived 
rom chlorophylls biosynthesised in photosynthetic organisms. 
‘hus, the abundance of phytane and pristane found in extracts 
f ancient sediments and crude oils in the early days of gas 
hromatography**, was quite reasonably thought to have come 
rom the major chlorophylls a and b, which have a phytyl side 
hain with an isoprenoid carbon skeleton similar to that of 
hytane and pristane. 

“The abundance of these isoprenoid hydrocarbons in geologi- 
al materials has stimulated organic geochemists to investigate 
iossible diagenetic pathways by which these compounds can 
e formed from phytol. Simulation experiments with phytol**, 
nd also in situ incubation experiments with '“C-phytol®’, have 
stablished the conversion of phytol to other functionalised 
soprenoids in recent sediments. Unsaturated isoprenoid hydro- 
arbons such as phytene, phytadienes and phytyl dimers and 
timers are main products when phytol is heated to 60 °C under 
lifferent conditions’. In thermodegradation experiments with 
ntact sediments at relatively high temperatures (100-300 °C)*”, 
thytane, pristane and other isoprenoids are produced; these are 
Hi considered to be degradation products of the phytyl side 
hain of the chlorophyll molecule. It is questionable, however, 
vhether such thermodegradation studies accurately simulate 
\atural diagenetic processes. During the past twenty years other 
soprenoid compounds have been found in organisms and may 
Jso ‘be considered as direct or ultimate sources of acyclic 
sopretioid hydrocarbons in sediment samples—for example, 
shytylesters i in aquatic mosses'®, pristane and pristenes in zoo- 
ilankton'' and diphytanylethers in archaebacteria'®’?. 
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Fig. 1 Structure of tocopherols. 


Fig.2 Pyrolysis gas chromatogram of 
a-tocopherol. Conditions: Curie point 
pyrolysis at 610°C; gas chromato- 
graphic separation on a fused silica 
column (length = 25m; 6,= 0.31 mm) 
coated with CPSil 5 (Chrompack); 
temperature programme: 80-320 °C at 
4°C min™', held at 320°C for 15 min; 
flame ionization detector (FID) 
ae detection). 
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y: sources of pristane found in ancient sediments — 








“Flash pyrolysis. studies of many immature sediments a 
kerogens have demonstrated that prist- l-ene is a major and 
sometimes dominant product in the pyrolysate’*'*. The flash 
pyrolysates of certain organisms and the uppermost layers of 
sediments have also been found to contain small amounts of 
prist-l-ene!47°'8, 

A detailed study of a suite of Paris Basin samples of increasin 
maturity showed a good correlation between maturity and the 
concomitant disappearance of the pyrolysis product prist-1-ene. 
and the generation of pristane'. This phenomenom indicates: 
that a common precursor, present in the kerogen, generates 
pristane during maturation, and prist-l-ene on flash pyrolysis. 
The ability of several isoprenoids to generate prist-1-ene on flash: 
pyrolysis has been assessed to find possible biological precursors 
for pristane. Dihydrophytyl-palmitate'®, chlorophyll a'*, diphy 
tanylethers, phytol and dihydrophytol (J. W. de Leeuw et al. 
unpublished results) were found to yield mainly phytenes. or 
phytadienes. Prist-l-ene is either not present or is only a trace 
component. in the pyrolysates, except for that from pal- 
mitylphytanate'*. - Although esterified phytanic acid is present. 
in very recent sediments'*”°, it is either absent or present in 
trace amounts in sediments beyond the early stages of diagenesis. | 
Thus, the isoprenoid compounds investigated by flash pyrolysis: 
are not considered to be major sources of pristane in ancient 
sediments and crude oils. In addition, the type of structure’: 
which generates prist-l-ene on flash pyrolysis differs from that 
which yields straight chain hydrocarbons as these occur as a 
series of alk-1-enes and alkanes, whereas pristane is absent even 
when prist-I-ene i is the most abundant component in the pyro- 
lysates!*, 

Recently, tocopherols (see Fi ig. 1) have been found iná wide 
variety of sediment extracts???" Their common occurrence in 
sediments suggests that these compounds—either free or 
bound—-may have an important role in the genesis of isoprenoid 
hydrocarbons. Therefore, a-tocopherol was pyrolysed under 
conditions routinely used to investigate kerogens by Curie-point : 
pyrolysis-gas chromatography-mass spectrometry'*. Two major 
pyrolysis products were encountered: 2,3,5,6-tetramethyl-2,5-. 
cyclohexadiene-1,4-dione(duroquinone) and prist-l-ene (see 
Fig. 2). The compounds were identified by comparison of the 
retention times and mass spectra with those of reference com 
pounds. 

A thermal degradation experiment with a-tocopherol was 
also undertaken (N.; 350 °C; 6h) and the results were compared 
with those obtained by Fernholz in 1937”. Our results support 
those of Fernholz to some extent: prist-l-ene and duroquinone 
were major products here, whereas the other components present 
such as Ci3, Cig and C,,-isoprerioid alkanes, were probably 
secondary products of prist-l-ene. Figure 3 shows the mechan- 
ism proposed for both the flash pyrolysis and thermal degrada- 
tion. Because tocopherols are highly reactive compounds”, - 
which can easily react with each other and with other naturally 
occurring compounds, it is thought that the majority of toco- 
pherols will be incorporated into a complex macromolecular: 
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Fig. 3 Proposed degradation mechanism of a-tocopherol, 


structure, probably via the phenolic hydroxyl group or the 
5-methyl group which is very reactive under oxidative condi- 
- tions. However, their major pytwlysis product should neverthe- 
less be prist-l-ene formed by the intramolecular rearrangement 
indicated i in Fig. 3. The stereochemistry of pristane in immature 
sediments” is also consistent with that of a-tocopherol”*. 

The flash pyrolysis results obtained for a-tocopherol and the 
presence of free tocopherols in many sediments” suggest that 
tocopheryl moieties can be major sources of pristane in ancient 
sediments and crude oils. Tocopherols are relatively abundant 
„in most photosynthetic organisms such as higher plants, algae 
“and cyanobacteria?’*!, Recently, many bacteria have been 
reported to contain tocopherol derivatives’. Amounts of 10 to 
> 1000-mg kg™' dry body weight are not exceptional for the 
. concentration of free tocopherols in organisms. These quantities 
: might be underestimates as almost nothing” is known about 
the occurrence of non-extractable tocopheryl moieties in biologi- 
cal systems. 

The relatively great abundance of chlorophylls in photosyn- 
thetic organisms (molar ratio tocopherol/chlorophyll = 
0:01-0.12?”) does not imply that other compounds, such as 
tocopherols, can be ruled out as precursors of pristane in the 
. géosphere; the potential survival of a compound during early 
diagenesis may be more important. Early in diagenesis, phytol 
is liberated from the tetrapyrrole macrocycle of chlorophylls 

and is a labile compound. A very high percentage of the phytol 
~‘biosynthesised by primary producers is probably metabolised 
». within the food web. In tocopherols, by contrast, the isoprenoid 
moiety is bonded via a carbon-carbon bond to an aromatic 
‚nucleus, favouring survival during early (bio)chemical 
diagenesis. Moreover, tocopherols may escape biodegradation 
once incorporated into macromolecular structures. 

In conclusion, although tocopherols can now be considered 
_ as likely precursors for pristane, in view of their pyrolytic 
behaviour, their relatively high concentrations in organisms and 
_ their expected survival by incorporation into kerogen, the gener- 
ation of phytane from this source is less likely because a- 
cleavage next to the aromatic moiéty is highly unfavourable. As 
a consequence, pristane and phytane may very well originate 
wholly or in part from different precursors. 

This work was partly supported by the Netherlands Founda- 
tion for Earth Science Research (AWON) with financial aid 
from the Netherlands Organization for the Advancement of 
Pure Research (ZWO). 
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A decade ago, aspartic acid racemization ages were determine 
for some skeletal remains found in California, near La Jolla, Di 
Mar and Sunnyvale, suggesting that people were present in Nori 
America during the Upper Pleistocene’. These ages were obtaine 
from the aspartic acid racemization rate, which was calibrate 
using a radiocarbon date of 17,150+ 1,470 yr BP determined f 
a skeleton found in Laguna Beach, California’*. These studi 
generated an intense controversy not only about the antiquity | 
human beings in the New World®® but also about the validity | 
racemization-based ages”, and prompted efforts to date the fim 
by other means®7”'°! Here we have used accelerator mass spe 
trometry (AMS) to determine the radiocarbon ages of the amir 
acid extracts used in the original racemization studies. Our studi: 
indicate that some of the controversial Californian skeletons, whic 
had been assigned to the Upper Pleistocene, are in fact Holocen 

The dating of the first human migrations into the Americ: 
is one of the most controversial topics in prehistory. An accura 
time scale for colonization is necessary to assess how rapid 
hunters and gatherers could expand into virgin territory, af 
also to evaluate how much time was required for the develo 
ment of the ethnic and linguistic diversity exhibited by the Ne 
World populations. Many archaeologists'*'* favour a ‘late’ ent 
of ~12,000- 13,000 yr Bp. However, dates of this magnitude a 
found even for southern South America'*'*. Therefore it seer 
necessary to postulate that human groups first crossed Bering 
much eaflier, despite recent reviews of the archaeologic 
evidence which find few convincing sites'”'*. Of central impo! 





Radiocarbon and uranium series ages, extent of aspartic acid racemization and level of amino acid preservation in several palaeoindian 
skeletons from California 











Radiocarbon age 


Label no. Sample Oxford Other 


% Amino acids 


U-series age D/L-Asp remaining 
OxA-152 Stanford 4,830+ 150 5,130+70 0.14 39 
OxA-153 4,950 + 130 
OxA-154 SDM 16709 8,470 + 140 8,360475 3,350 + 800 0.19 4-11 29, 31, 32 
OxA-189 Laguna 5,100 + 500 17,150 + 1,470 0.25 5 1,3,4 
> 14,800 
OxA-186 La Jolla 5,600 + 400 1,770 + 790 0.36 
1,850.4 200 
1,930+ 200 
5,331 +245 
6,326 + 253 
OxA-187 Sunnyvale 6300+ 400 3,600 + 600 8,900 0.51 14 2, 6,11 
4,390 + 150 ni 
4,650 +400 i ; 
4,850 + 400 ; 
OxA-188 Del Mar 5,400 + 120 11,800 0.53 2 IPA a SE 
ees EEE IEN AE AE i PE EA EE AA E E L EE S K S AEA e aAA EE 


ance in this controversy are the ages of various palaeoindian 
skeletons found in western North America. 

~The total amino acids present in the various bone samples 
45- 10 g) were isolated using procedures described elsewhere”, 
Enantiomeric:analyses indicated that the aspartic acid obtained 
ifrom the La Jolla Shores, Del Mar and Sunnyvale skeletons was 
“extensively racemized. When compared with the extent of aspar- 
‘tic acid racemization (that is, D/L-Asp ratio) measured in the 
skeleton found near Laguna Beach, which had a conventional 
radiocarbon date of 17,150+1,470yrBp, these skeletons 
appeared to be 30,000-50,000 yr-old'?. A portion of the original 
amino acid extracts used in these racemization studies was 
preserved either frozen or as the dried residue. These extracts, 
‘containing 5-10 mg amino acids, together with those isolated 
from several other skeletons previously dated by radiocarbon, 
‘were prepared and analysed by AMS'*?'?, Our AMS-radio- 
_carbon ages and the measured D/L-Asp ratios are listed in Table 
1, together with the radiocarbon and uranium-series ages 
obtained by others. The amount of amino acids preserved in 
the various bone samples (relative to that in modern bones) is 
also given in Table 1. The AMS-radiocarbon dates indicate that 
all of the skeletons, including Laguna, are of Holocene age. 

The radiocarbon ages determined using the total amino acid 
extracts isolated from the Stanford (I) and SDM 16709 skeletons 
agree well with the ages determined from conventional radiocar- 
bon measurements using the HClinsoluble (‘collagen’) com- 
ponent, Our ages for the Sunnyvale skeleton are ~2,000 yr older 
than the radiocarbon ages of other organic fractions isolated 
from this skeleton, but the results still indicate that it is Holocene. 
Therefore we find that the ages obtained by analysis of the total 
amino acids are comparable with those obtained using either 
the HCli-soluble or the HCl-insoluble organic fractions. 

The radiocarbon age obtained for the La Jolla Shores skeleton 
agrees with a previously determined AMS age” of this skeleton, 
whereas those obtained using the conventional radiocarbon 
method are much. younger”. This may reflect the presence of 
bones of various ages on the site, or we must assume that the 
fractions used in the conventional measurements were exten- 
sively contaminated. In contrast, the AMS-radiocarbon age of 
amino acids isolated from the Laguna Beach Skeleton is much 
younger than that obtained, almost 15 years ago, by conventional 
beta-counting using the HCl-insoluble, gelatinized fraction? *. 
The difference in ages for this skeleton is difficult to account 
for, and may indicate that the total amino acids isolated were 
not entirely derived from collagen but also contained secondary 
amino acids from the surroundings. However, based on the good 
agreement between our amino-acid based ages and those 
ied using other organic components, for several of the 
other skeletons studied, we conclude that Laguna is more likely 
to be Holocene than Upper Pleistocene as. previously assigned. 















































If indeed the case, this implies that all the aspartic acid racemiz- 
ation ages derived for other specimens, using an age of 17,150 +: 
1,470 yr BP for the Laguna skeleton, are too old. Using the. 
newly-determined 5,100+ 500 yr age for Laguna yields an aspar- 
tic and racemization rate constant, Kasp = 3.6+0.4 x10 yr}, 
giving ages for Sunnyvale and Del Mar of ~14,000 yr BP. 
Although this age still is older than the AMS-radiocarbon age: 
of the skeletons’ amino acids, it does demonstrate that both: 
Sunnyvale and Del Mar are not of very great antiquity. The Kasp 
value obtained using the 5,100 yr-old age for Laguna also sug. : 
gests that the age of Los Angeles Man, previously estimated by 
the conventional radiocarbon method* to be >23,600 yr BP, is. 
more probably ~8,000 yr-old; thus the Upper Pleistocene age: 
assignment for this skeleton should also be viewed with: seep 
ticism. 
The results in Table 1 reveal no clear relationship betwee 
the radiocarbon ages of the various skeletons and the extent of 
aspartic acid racemization. For example, the 8,400 yr-old 
skeleton, SDM 16709, has a low D/L-Asp ratio, whereas in the 
Del Mar and Sunnyvale skeletons the aspartic acid is much’ 
more extensively racemized even though these skeletons are 
2,000-3,000 yr younger. These results contrast with: those 
obtained at other sites around the world, where in general th 
extent of aspartic acid racemization has been found to be directly 
correlated with the age of fossil bones!™?%2425, : 
Besides this lack of correlation there are also great differences 
in the amounts of amino acids ‘preserved in the bones of the 
Californian skeletons of similar age. In fact, the samples in 
which aspartic acid is extensively racemized have the lowest 
amino acid contents and, indeed, there appears to be a direct’ 
relationship between the extent of racemization and the level” 
of preservation of collagen (as judged by the amino acid contents. 
of the bones). Bone collagen undergoes hydrolysis via a serie 
of reactions, beginning with cleavage at labile peptide: bonds 
such as those containing aspartyl and seryl residues”?**. The 
peptides liberated by this hydrolysis are further degraded via 
peptide bond hydrolysis and an internal aminolysis reaction 
which takes place at the N-terminal end of the peptides”””’. If, 
during the process of collagen hydrolysis, the aspartyl residues 
end up primarily at the N-terminal positions of the peptide 
hydrolysis products, this could give rise to rapid racemization 
rates as amino acids at the N-terminal position in peptides have: 
been found to have racemization rates greatly exceeding those 
at other positions” : 
The skeletons having low amino acid contents were found to 
be depleted in 4-hydroxyproline and enriched in the acidic: 
amino acids, although the general amino acid compositions of 
these samples still somewhat resembled that of collagen. This 
indicates that the collagenous matter in these bones had under. 
gone severe diagenesis, which may have altered the b/ L=As 









probably include leaching by ground waters and heating effects 
resulting from either shallow burial depths or cultural burial 
practices. Also many of these Californian skeletons come from 
‘coastal shell middens in which the presence of carbonates in 
the burial soils may have greatly accelerated the rate of collagen 
hydrolysis". 

The results in Table 1 show that there are also difficulties with 
the application of the uranium (U-) series method for dating 
these Californian palaeoindian remains. In the case of SDM 
16709, the U-series age is too young, whereas for the Del Mar 
and Sunnyvale skeletons the corresponding ages are too old. 
The U-series age appears to depend on the level of amino acids 
preserved in the bones. The basic assumption in U-series dat- 
ing!" 41 is that bones rapidly acquire uranium from the surround- 
ing soils. Initially, this uranium is in the water-soluble us 
oxidation state, but the bone organic matter acts to reduce and 
fix this to water-insoluble U**, which then decays to the daughter 
isotopes Th and Pa. In this model, the U-series age of a bone 
will tend to be younger than the bone’s actual burial age?’ 
which is the case for SDM 16709°*. Our results suggest that, for 
bones in which the organic matter has undergone severe 
“decomposition, some of the uranium may be reoxidized and 
lost from the system resulting in U-series ages which are older 
than the actual burial age of the bone. 

In conclusion, our results indicate that the palaeoindian 
skeletons from California, originally thought to be Upper Pleis- 
< tocene, are more probably all of Holocene age. Moreover, the 
| direct radiocarbon dating, by AMS, of the amino acids isolated 
from bones provides a means for determining accurate racemiz- 
ation rate constants which are essential in the amino acid 
racemization method for dating bones. 

We thank D. Darling, P. M. Masters, R. A. Schroeder, M. J. 
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The performance of the heart depends on the concentrations of 
free calcium ions in the cytoplasm of the myocytes. However, direct 
evidence for changes in free Ca concentration in physiological 
events during response to drugs and in pathogenesis has been 
difficult to obtain because of technical problems in measuring f ree 
Ca at 107’ M in cells with a volume of only a few picolitres'~* 
Here we describe n measurements made with the Ca-sensitive photo- 
protein aequorin™ S in single ventricular myocytes isolated from 
rat heart®. We have detected signals from resting and contracting 
cells, and from cells exposed to media of altered ionic composition 
(raised K, lowered Na), ouabain and metabolic inhibitors. We 
report that free Ca in metabolically-poisoned myocytes is remark- 
ably stable and that severe injury to the cell occurs before the free 
Ca concentration rises above 1-3x 107’ M, hence cell damage 
seems to be a cause, not a consequence, of a rise in free Ca. The 
technique used here should help to resolve many uncertainties 
regarding free Ca in heart function, and should be particularly 
valuable for investigating the role of free Ca in ischaemic 
pathogenesis. 

Ventricle myocytes were isolated by perfusing rat hearts with 
collagenase® and suspended in medium containing 1.8 mM Ca. 
Healthy, rod-shaped cells were injected to ~5% of their volume 
with aequorin solution from a micropipette having a tip external 
diameter of <0.5 um. Photons emitted from aequorin in a single 
myocyte were detected by a sensitive, low-noise photomultiplie: 
(see ref. 5 and Fig. 1 legend for details). Figure la shows a 
resting signal from a single rod-shaped myocyte; the free Ca 
concentration in this cell was 2.5 x107 M. The mean resting 
free Ca concentration for 42 cells was 1.8 + 0.61 (+s.d.) x 107” M, 
comparable with microelectrode measurements in Purkinje cells 
from several species’ and close to aequorin measurements made 
in ferret papillary muscle’. However, our value is probably ar 
overestimate because of the contribution made to the signal by 
occasional phasic contractions in some of the cells in the sample 
Similarly, it is possible that published resting free Ca measure- 
ments have been distorted by these small transients, so we are 
reluctant to place any significance on differences between pub- 
lished values for resting free Ca concentration. Figure 1b was 
recorded from a cell that showed phasic contractions (in which 
a localized contractile zone ripples from one end of the cell tc 
the other in ~1 s) at a frequency of ~10 min™’. When exposec 
to 10 pM adrenalin, some myocytes started beating either regu 
larly (~1s7') or in bursts (Fig. 1c); these patterns are simila: 
to published patterns of action potentials’. The peak heigh 
(~230 countss”') and duration of the regularly-occurring 
transients (data not shown) were distorted by the slow response 
time of the recording apparatus, but if their true time course 
was as described by Allen and Orchard’, the number of count: 
in each transient, which was recorded faithfully by fast scaler 
would correspond to a peak free Ca concentration of ~3> 
10°°M, comparable with Allen’s value. Some of the transient: 
showed ‘hesitations’ on their downward slopes; improvement: 
in data acquisition and analysis are needed to reveal thes: 
‘after-contractions’ and, perhaps, oscillatory phenomena"? 
Figure 1c shows that each burst of transients (~2 s~!) followec 
a 10-s period of elevated free Ca (~9 x 107" M) which seeme 
to be unaccompanied by a change in membrane potential®. Slov 
action potentials, mediated by a very slow calcium current (icas 
have recently been described in guinea-pig myocytes’ '. Spon 
taneous slow free Ca transients from a rat myocyte are showr 
in Fig. 1d. The peak free Ca concentration was 2.5 x107% M 
comparable with estimates for fast transients. Spontaneous slow 
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“Fig. 1 Aequorin signals from single rat ventricle myocytes, recorded as photoelectron counts s™*. a, Resting (diastolic) signal, 0.6 counts s~! 
:; above background (1.8 counts s~'), Ratemeter time constant 33 s. Free Ca concentration was 2.5 x 107’ M, calculated from the rate of aequorin 
‘consumption’ knowing the total aequorin counts were 1.8 x 10°. (This recording is from the same experiment as Fig. 2b and corresponds to 
the first 20 min; note the rod-shaped appearance of the healthy cell.) 6, Aequorin transients recorded from phasic contractions (ratemeter time 
constant 1s). Peak height was ~12 counts s~', total aequorin content 9.4 x 10° counts, hence if the zone of contraction occupied 5% of the 
cell’s volume, the local free Ca concentration would be ~ 1.2 x 107% M (see right-hand ordinate), Phasic transients were enhanced in amplitude’ 
and frequency in elevated extracellular Ca (3.8, 8 mM), abolished in low calcium medium (0.2 mM), but not detectably changed by either 
verapamil (10 uM) or Ni (2 mM). c, A burst of spontaneous, fast contraction transients recorded from a myocyte exposed to 10 pM adrenalin. 
for 3 min before the start of the recording. The peak height and duration of the transients will have been distorted by the relatively slow 
ratemeter time constant (0.1 s) and by the mechanical inertia of the chart recorder (also responsible for the undershoot below 0 count:s~'). 
The cell contained 1.18 x 10° aequorin counts. d, Slow aequorin transients. Peak signals of ~4 x 10° counts s”! were recorded faithfully (0.33 s 
time constant) and corresponded to 2.5 x 107° M free Ca (2.57 x 10° counts remained in the cell). Diastolic signals of ~200 counts s~’ represented 
810°’ M free Ca. These slow transients started spontaneously 5 min before the start of recording, following a 10-min period when the free 
Ca concentration rose from 3.5 to 9x 107? M. The amplitude of the transients declined steadily for 6 min after the end of this recording and. 

became unresolvable when diastolic free Ca was 3.2 x107% M. From this criterion, the cell was judged to be in a poor condition. 
Methods; The technique was modified from ref. 5 as follows. Aliquots (0.2 yl) of concentrated aequorin solution (~30 mg ml™') were dialysed 
for Sh in a microdialysis tubule against several 100-1 changes of injection buffer containing (mM); 140 KCI (Aristar) 1 PIPES, 0.025 EGTA, 
0.1 EDTA, pH 7.2). Borosilicate micropipettes were filled through the tip by means of a pressure chamber working on the same principle as 
the air-pressurized equipment described previously but filled with liquid paraffin (mineral oil). Oil pressure of up to 200 atm from an air-to-oil 
intensifier pump allowed a column of aequorin solution to be forced ~0.2 mm into the pipette tip. Myocytes suspended in agarose gel (2%; 
Sigma IX) within 0.1 mm of the open end of a 3mm-long flat glass capillary (Camlab microslide) were then impaled with piezoelectric 
assistance under X600 magnification and injected with aequorin expelled from the micropipette under 0.3-4 atm air pressure. About 25% of 
injections were successful, the cells remaining rod-shaped; mean total aequorin content was 6 x 10° counts, Experiments were carried out in 
HEPES-buffered medium of normal calcium concentration (mM); 120 NaCl, 5.8 KCI, 4.3 NaHCOs, 1.4 KH,PO,, 1.5 MgSO, 1.8 CaCl, 18.7 
HEPES, 14 glucose, pH 7.3 at 36-37 °C. 


transients have been found only in deteriorating cells with 


free Ca to remain at normal resting levels (~1-3 x 107’ M); 
elevated diastolic free Ca (8 x 107’ Min this cell). It is interesting 


whereas the myocytes shortened to about one-third of their 





that both the slow transients (Fig. id) and the bursts of fast 
transients (Fig. 1c) started when the free Ca concentration had 
risen to 8-9 x 107’ M; the relationship between free Ca and the 
initiation of spontaneous transients requires further investiga- 
tion in view. of its possible importance in arrhythmias. 

The involvement of free Ca in pathological changes brought 
about by metabolic inhibition, especially during ischaemia and 
reperfusion, “has long been debated'’*"*. Recent aequorin 
measurements in papillary muscle have shown that free Ca does 
not rise rapidly following anoxia or metabolic inhibition’; single 
myocytes responded similarly to inhibition of both oxidative 
phosphorylation and glycolysis. Figure 2a shows a typical result: 
exposure of a myocyte to cyanide (2mM) together with 2- 
deoxyglucose (10 mM) had no effect on resting free Ca (2.5 x 
107’ M) for ~16 min, at which time the free Ca concentration 
rose slowly over a further 20 min to 5 x 10° M. Similar responses 
were found with the mitochondrial uncoupler CCP (carbonyl- 
cyanide phenylhydrazone, 0.5 uM; Fig. 2b). In this experiment, 
recording- of the signal was interrupted to view the cell under a 
microscope; shortening of the cell started 6 min after adding 
CCP and was complete 6 min later, yet the free Ca concentration 
remained at 3x107 M. In such experiments it was usual for 





original length. Low concentrations of ATP (~10-100 pM}: 
cause tension development or shortening in permeabilized 
myocytes in zero free Ca'*"'®; it is conceivable that a similar — 
mechanism caused shortening of our poisoned cells, assisted by 
changes in the affinity of troponin-C for calcium at low ATP 
levels”. A contribution to shortening could arise from potenti- 
ation of tropomyosin-modulated myosin $1-ATPase at Mg-ATP 
concentrations of ~30 pM". On the other hand, Piper et al? 
measured levels of 500-1,000 pM ATP in anoxic, predominantly 
rod-shaped myocytes that had shortened, on average, by 40% ; 
this level of ATP appears to be at least 10 times too high for. 
shortening to be explained by any of the above mechanisms. . 

Blockade of either oxidative phosphorylation or glycolysis. 
alone usually had no effect on free Ca concentration or cell- 
length. Cells that had rounded-up spontaneously in normal- 
medium often showed normal, stable, resting free Ca concentra- 
tions. The slow rise in free Ca in rounded-up poisoned myocytes 
(Fig. 2a, b) occurred a few minutes after the appearance on the 
cell surface of large hyaline blebs ~ 10-30 um across, similar to 
those seen on myocytes after prolonged anoxia’?*', whereas: 
rounded-up cells with stable resting free Ca levels were devoid 
of these large blebs”. 
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| Fig.2 Effect of metabolic inhibitors on free Ca in single myocytes. 
A microcomputer-based photon counting system was used to col- 
lect data and to plot the log rate of aequorin consumption (s~?) 
at t-s intervals. Values of free Ca derived from in vitro calibration 
curves® are also plotted on the ordinate. a, Effect of CN (2mM, 
` fresh) together with 2-deoxyglucose (10mM, in glucose-free 
medium), The free Ca concentration remained unchanged at 2.5 x 
10°’ M for 16 min then rose over 22 min to 4x107% M. This is a 
typical result; the delay between addition of inhibitors and the 
onset of the rise‘in free Ca varied from 5 to 45 min. (The plateau 
at ~5x10°°M may be an artefact caused by ‘slow-reacting’ 
dequorin; the reappearance of noise in the trace was due to the 
fall-inthe count rate as aequorin was. consumed, resulting in a rise 
in statistical noise.) b, Effect of the mitochondrial uncoupler CCP 
{0.5 pM). The signal recording was interrupted to take photomicro- 
graphs of the cell, which show the time course of rounding-up of 
the cell. The free Ca concentration remained stable during this 
period at 310°" M (confirmed by uninterrupted recordings of 
\ other cells, as in a). Scale bar, 50 am. 
















; ig t ; 
the relationship between free Ca, metabolic inhibition, alte d 
excitability and structural injury in heart cells. From the pre- 
liminary evidence presented here, we conclude that the control 
of free Ca is not precariously dependent on an abundant supply 
of metabolic energy and is more resistant to perturbation than 
is maintenance of normal cell structure. 

We thank the British Heart Foundation and the MRC for 
financial support and Dr K. S. R. Cuthbertson for the use of 
his prototype computer-based data acquisition system used in 
the experiments of Fig. 2. 
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The major physiological stimulus for the secretion of insulin from 
the pancreatic B-cell is an increase in the plasma glucose com 
centration. It is well established that glucose-stimulated insulit 
secretion is associated with the appearance of electrical activity 
in the B-cell'?; glucose concentrations above the threshold leve! 
for insulin release produce a slow membrane depolarization fol- 
lowed by either oscillatory bursts of action potentials (5-15 mM 
glucose) or continuous spiking (>16mM glucose). Tracer flux 
studies’ and microelectrode measurements using intact islets of 
Langerhans’ have indicated that the initial depolarization induced 
by glucose is caused by a decrease in the resting membrane 
permeability to potassium. Evidence also suggests that the elec- 
trical’, ionic and secretory responses”* to glucose are mediated 
by the metabolism of the sugar within the B-cell. By using cell 
attached membrane patches’ from isolated rat pancreatic B-cells 
we have now identified a potassium channel (G-channel) that i: 
active at the resting potential and is inhibited by glucose. Closur: 
of this channel requires glucose metabolism. This is the first repor 
of a potassium channel whose activity is modulated by glucose 
and which may couple metabolic and ionic events involved in thi 
secretion of insulin. 

The B-cells were obtained from rat islets of Langerhans (sex 
Table 1) and.maintained in short-term tissue culture. For single. 








Wor insulin 1 using an S idee method and anti-insulin 
iantibody'®, indicating that most were B-cells. The insulin content 
iof the dispersed cells, determined by radioimmunoassay'', was 
3.7 mU per 10* cells, comparable to that reported previously’? 
"We also tested the secretory response of the isolated B-cells by 
measuring insulin release in response to glucose stimulation 
«Table 1). Insulin release was increased 2.4-fold by increasing 
ithe glucose concentration from 2 mM to 20 mM, and reduced 
ito the basal level in the presence of mannoheptulose (20 mM), 
‘avhich inhibits B-cell metabolism of glucose at the level of hexose 
‘phosphorylation’*. The magnitude of the response to glucose 
is comparable to that reported previously for dispersed islet 
cells“. 

To investigate the effects of glucose on the resting membrane 
permeability to potassium, we recorded single-channel currents 
from cell-attached patches” using patch pipettes filled with a 
solution containing 140 mM potassium. In glucose-free solution, 
‘the channel observed most frequently at the resting potential 
hada unit amplitude of approximately —3.5 pA (Fig. la). The 
‘single-channel current decreased as the membrane was depolar- 
ized and reversed at a pipette potential (V,) of -74.8+ 1.0 mV 
(n= 16). Figure Ib gives the current-voltage relation of the 
-G-channel, which shows inward rectification. The single-channel 
conductance, measured between a pipette potential of +80 and 
~60 mV, had a mean value of 50.6+0.9 pS (n = 16). Over the 
same potential range, the opening probability of the channel 
showed no significant voltage-dependence. Figure la also shows 
that the G-channei has complex kinetics, with episodes of long 
closures lasting for several hundreds of milliseconds and epi- 
sodes of frequent rapid closures of only a few tens of mil- 
liseconds. This suggests that the channel has at least two closed 
states. 

Using the whole-cell recording configuration’, we determined 
the B-cell resting potential to be —67.6+2.8mV (n=8) in 
glucose-free solution, in agreement with microelectrode studies 
on intact islets**. This value would indicate reversal of the 
single-channel current at a membrane potential of +7.2 mV, 
which is close to the estimated K-equilibrium potential of 
+8.5 mV (taking the internal K concentration to be 100mM; 
ref. 4) and suggests that the G-channel is principally permeable 
to potassium. To confirm this, we carried out three experiments 
with 70 mM potassium in the pipette (NaCl replacing KCl). In 
these conditions the extrapolated reversal potential was —58.7 + 
1.3mV (n=3), corresponding to a 16-mV shift for a 70-mM 









Fig. 1 a, Single-channel currents recorded 
from a cell-attached patch on an isolated rat 
pancreatic B-cell in glucose-free solution. The 
potential applied to the inside of the patch 
pipette (pipette potential) is given to the right 
of-each trace; 0 mV corresponds to the resting 
potential of the cell (~ —70 mV) and positive 
pipette -potentials correspond to membrane 
hyperpolarization. Inward currents across the 
membrane are shown as downward deflections 
of the current trace and channel openings are 
inward when the pipette potential is positive to 
~80 mV and are outward: at: —120 mV. Experi- 
ments were carried out on single cells (10- 
15m in diameter) prepared as described in 
Table 1, within f-6.days after plating onto glass 
coverslips. Similar results: were obtained when 
antibiotics were omitted from the culture 
medium. The patch pipette was filled with the 
following solution (in mM): 140 KCI, 5 CaCl, 


MA 








500 ms 


5 MgCl, and 5 HEPES titrated to pH 7.4 with NaOH. The bath solution contained (in mM): 135 NaCl, 5 KCI, 5 CaCl,, 5 MgCl, and 5 HEPES 
titrated to pH 7.4 with NaOH. The patch pipettes and recording system were similar to those described by, Hamil et al”. All experiments were 
carried out at room temperature (21-25°C). No corrections have been made for liquid junction potentials”. 
records were filtered at 0.2 kHz. b, Mean relationship between the single-channel current (/) and the pipette potential (V,) (n = 16). Bath and č: 
pipette solutions were as described for a. The reversal potential corresponds to a pipette potential of —76 mV, and a pipette potential of 0 mV 
responds:to the resting potential of the cell. The conductance, measured from the slope of the line between +60 mV and —60 mV, was 
S. The line through the points was drawn by eye. Vertical lines indicate +s.e.m. where this is larger than the symbols. ; 
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“Table 1. Insulin’secretion by dispersed islet cells 











Insulin release 


Incubation condition (pU per 10* cells per h) 






































2 mM glucose 259+21 

10 mM glucose 384 +25 (P < 0.01) 
20 mM glucose 623 +38 {P < 0.001) 
20 mM glucose +20 mM mannoheptulose 268 + 19 (NS) 


Isolated rat islets of Langerhans were prepared by collagenase digës 
tion’* and dissociated into single cells by further enzymatic digestion. 
and mechanical dispersion’. Single cells (2x10* cells mi~') were: 
maintained in RPMI 1640 tissue culture medium supplemented with 
glucose (11 mM), penicillin (100 U ml™'), streptomycin (0.1. mgm}. 
and fetal calf serum (10%), and incubated at 37°C in a humidified. 
atmosphere of 95% air/5% CO,. After overnight culture, cells were. 
collected by centrifugation and washed twice in incubation mediu 
Incubations (10* cells per tube) were then carried out at 37°C in 0:5.ml 
HEPES-buffered bicarbonate medium'® containing 2 mg ml”! bovine 
serum albumin and the additions stated. After incubation for 1h, cells 
were removed by centrifugation and insulin content of the medium was 
determined by radioimmunoassay''. Values are mean +s.e.m. (n= 10) 
Significance of the differences (P), relative to 2mM glucose, w 
assessed by a two-tailed Student’s t-test. NS, not significant. 


change in external K concentration, close to that predicted: b 
the Nernst equation (14mV) for a K-selective channel. T! 
single-channel conductance decreased to 36.5+0.9 pS (n= 3) z 
with 70 mM K* in the pipette. ii 

The G-channel was found in 34 out of 41 membrane patches’ 
at an average frequency of 1.4 channels per patch. For’ our 
pipettes, which had resistances between 3 and 5 GQ, the patch 
area is pm? (ref. 13), indicating a density of ~1 channel pe 
3.5 um? or roughly 150 channels per cell. We also identified t 
other channels in cell-attached patches, using pipettes filled with 
140 mM K* solution. One of these channels had a conductance. 
of 16.9+1.1 pS (n =10) and a unit amplitude of ~1.2+0.1 pA 
(n= 10). at the resting potential of the cell, and was observe 
less frequently than the G-channel (11 out of 41 patches). Th 
other channel was usually activated only at pipette potentials. 
positive to +100 mV, had a unit amplitude of ~+6pA at 
+120mV, a conductance of 119.647.8pS (n=8) and an 
extrapolated reversal potential (pipette potential) of -74:4 + 
2.3 mV (n = 8). The frequency, conductance and voltage-depen 
dence of these two channels suggest that they do not contribute 
a significant amount of conductance at the resting potential 
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Fig. 2 Effect of glucose on G-channel activity. Single-channel 
currents recorded at a pipette potential of 0 mV: a, in glucose-free 
solution; b, 7 min after changing to a solution containing 20 mM 
glucose; c, 12 min after return to glucose-free solution; d, 4 min 
after perfusion with 20 mM glucose; e, 2 min after perfusion with 
a solution containing 20 mM glucose plus 20 mM mannoheptulose. 
Records were obtained successively from the same cell. This patch 
contained two channels and the scale on the right indicates the 
` current level when one or both channels were open. After recovery 
“of activity at the end of the experiment, we confirmed that we were 
¿in the cell-attached recording configuration by applying further 
suction and obtaining the whole-cell configuration’. The bath had 
a volume of 1 ml and was perfused at a rate of ~0.8 ml min™™. A 
slow rate of perfusion was used to avoid rupture of the seal. 
Analysis of the perfusate indicated that the glucose concentration 
stabilized within 5 min. Temperature 25°C. Currents filtered at 
0.2 kHz. Seal resistance 25 GQ. 
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Fig. 3a, Action potential (arrowed) elicited by the opening of a 
» single G-channel in 10mM glucose solution (12 min). Current 
: waveforms associated with action potentials in the rest of the cell 
“membrane may be recorded extracellularly from cell-attached 
membrane patches when the input resistance of the cell is high”. 
‘Note that the single-channel currents also decay in amplitude, 
indicative of a high input resistance. b, Example of spontaneous 
action potentials elicited in response to 20 mM glucose, recorded 
extracellularly from a cell-attached patch ~2 min after changing 
to glucose solution. In 20mM glucose, extracellularly recorded 
action potentials usually decreased in amplitude and become 

difficult to measure with time. Records filtered at 0.2 kHz. 


rather, our results indicate that the resting potential is principally 
determined by the G-channel. 

<. Figure 2 shows the modulatory action of glucose on the 
G-channel. Application of 20 mM glucose to the bath resulted 
inthe rapid and reversible inhibition of G-channel activity. In 
all of six experiments, 20 mM glucose produced a substantial 
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Xp 
restored activity over a similar time course. We were unable to 
test reversal in the other patches because of spontaneous rupture 
of the seal. Glucose completely abolished G-channel activity in 
four cases. We were unable to determine the latency of inactiva- 
tion of the single-channel currents very accurately because a 
slow perfusion rate was required to avoid rupture of the seal. 
In the presence of 10 mM glucose, G-channel activity was also 
substantially reduced (five out of seven patches), three of these 
showing almost. complete inhibition. 

Inhibition of channel activity was accompanied by a transient 
increase in the input resistance of the cell and by the appearance 
of action potentials. The increase in input resistance was shown 
both by the relaxation of single-channel currents and. by the 
ability of a single-channel opening to trigger an action potential 
(Fig. 3a). Continuous spiking usually occurred in the presence 
of 20mM glucose (Fig. 3b), as reported previously for intact 
islets**°. It is unlikely that the disappearance of the G-channel 
in the presence of glucose results simply from membrane 
depolarization because the opening probability of the G-channel 
is not significantly voltage-dependent between +80 and —60 mV 
(V,). Further, channel activity was not restored in the presence 
of glucose when the pipette potential was changed by 120 mV 
in either direction. 

It is well established that glucose-induced electrical activity? g 
reduced K permeability and insulin secretion™? all require the 
metabolism of glucose. Therefore, in three experiments, we 
tested the effect of inhibiting glucose metabolism with 20mM 
mannoheptulose. In all cases, perfusion with 20mM glucose 
plus 20mM mannoheptulose restored channel activity pre- 
viously abolished by glucose (Fig. 3e). Insulin release from the 
same preparation of single cells was also inhibited by this 
concentration of mannoheptulose (Table 1). This suggests that 
the effect of glucose on channel activity is a consequence of its 
metabolism. 

Thus, we have shown that glucose can inhibit the activity of 
a channel which contributes significantly to the resting 
potassium permeability of the B-cell. As the G-channel is nor- 
mally open at rest, its closure can account for the decrease in 
membrane potassium permeability** and consequent depolariz- 
ation’? produced by glucose. G-channel closure must result 
from an intracellular action of glucose because the pipette 
solution did not contain glucose and the patch membrane was 
isolated from the sugar in the bath by the high resistance of the 
glass-membrane seal. Although we cannot exclude the possibil- 
ity that glucose and mannoheptulose compete directly for a 
common receptor site on the G-channel, there is considerable 
evidence” that the effects of glucose and mannoheptulose on 
both resting potassium permeability and insulin secretion have 
a metabolic basis. Our results are fully consistent with the 
hypothesis that channel modulation results from an interaction 
between some metabolic product of glucose and the G-channel 
protein(s). 

We thank Dr A. Clark for carrying out the immunostaining 
procedures and Dr B. Ribalet for participating in some of the 
later experiments. F.M.A. also thanks Drs R. Aldrich, D. Corey 
and others on the 1983 Single Channel Recording Course at 
Cold Spring Harbor for instruction in patch-clamp techniques, 
and Dr M. C. Brown for tissue culture facilities. We thank the 
MRC and the British Diabetic Association (BDA) for financial 
support. D.E.H. is a Lawrence Fellow of the BDA. 
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Endemic Burkitt’s lymphoma, a tumour of children in which B 
ymphocytes are infected with Epstein-Barr virus (EBV), is com- 
‘non in areas of Africa where malaria is holoendemic'. The tumour 
iis characterized by chromosome translocations”; usually the ter- 
minal portion of chromosome 8 containing the c-myc gene is 
sranslocated to chromosome 14° ? near the enhancer of the 
immunoglobulin heavy-chain locus’. Less frequent are transloca- 
ms of chromosome 8 to the « light-chain locus of chromosome 
or to the A light-chain locus of chromosome 22°, In vitro, EBV 
induces B cells to proliferate and secrete immunoglobulin and 
iantibody®. However, in vivo the infected B lymphocytes are under 
immunological control, so that abnormal proliferation is found 
nly in immunosuppressed patients’. Such patients are sub- 
sequently liable to develop lymphomas”. Burkitt believed that 
the tumour he had described resulted from interaction between a 
wirus(es) and a “‘reticuloendothelial system altered by chronic and 
heavy infection by malarial or other parasites”'°. We report here 
that during an attack of Plasmodium falciparum malaria, T-cell 
subpopulations are radically altered so that, in vitro, B lym- 
phocytes infected with EBV proliferate abnormally to secrete large 
amounts of immunoglobulin and antibody. This phenomenon offers 
isome'explanation for the increased incidence of Burkitt’s tumour 
iand the high levels of immunoglobulin found in people living in 
areas where P. falciparum malaria is common''. 

Venous blood was taken from patients aged 5-18 yr (mean 
9844.7 yr) during and 3 weeks after an acute attack of P. 
falciparum malaria. Parasite densities ranged between 0.5% and 
B% (mean 3.1+2.7%). All patients had antibody titres of at 
feast 1 in 20 to the viral capsid antigen of EBV. Mononuclear 
icells were separated by buoyant gradient centrifugation on Lym- 
phoprep and used in the regression assay’? or for determination 
of lymphocyte subpopulations. Regression assays provide a 
measure of the strength of T-cell control of EBV-infected B 
lymphocytes'*. We found that regression indices were high 
{mean 3.3 + 1.2) during the attack, denoting loss of control, but 
that they fell on recovery (mean 1.040.4; P<0.001, paired 
t-test), signifying a return to normal control (Fig. 1). These 
“escaped’ B cells produced large amounts of immunoglobulin 
and a variety of antibodies (Table 1). 

It was. possible that the autologous plasma in which the 
regression assays were performed contained a B-cell mitogen’? 
or activator'’, causing proliferation and secretion of immuno- 
globulin by EBV-infected B cells. To test this idea, we assayed 












Table 1 Immunoglobulin and antibody production by transformed B lymphocytes in regression assays 
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Fig. 1 Regression assays of nine children during the acute and 
recovered phase of P, falciparum. infection. The regression index 
is the minimum number of cells x 10° per 0.2 ml microtitre well 
which are necessary for a 50% frequency of regression of EBV.: 
infected lymphocytes. Mononuclear cells were separated from 
venous blood on Lymphoprep, infected with EBV at a multiplicity, 
of infection of 0.1 by exposure to B95-8 supernatant for 1 h, washed... 
and then suspended in RPMI-1640/20mM HCO, with 15% 
autologous plasma. Doubling dilutions of cells starting at 4x 10° 
per 0.2 ml and ending at 0.25 x 10° per 0.2 ml were placed in each 
of six wells of a flat microtitre plate, incubated for 4 weeks at 37 °C 
in 5% /CO, in air. Half the medium was changed weekly and the: 
cultures were exdmined for the presence of transformed B- cells, 
characterized by proliferating colonies with hair-like projections, 
or for regression of these colonies, characterized by dense packing. 
of colonies and then disintegration". The 50% frequency of 
regression was calculated by the method of Reed and Muench?’ 
For statistical purposes, an index of > 4.0 was assigned an arbitrary 
value of 4.1. The mean index of eight healthy adult controls, ` 

immune to EBV, was 1.14+ 0.86. 


mononuclear cells of two normal EBV-immune adult donors in 
media containing 10-15% of the patient’s acute- or recovered 
phase plasma. The mean regression indices of six paired assays. 
for the first donor were 0.42 +0.14 in acute-phase plasma and 
0.66 0,16 in recovered plasma; for the second’ donor, using five 
different pairs of plasma, the respective means were 2.12 + 1,25 
and 3.27+ 1.16. When the assays were performed in fetal calf. 
serum, the regression indices were 0.40 for the first donor and 
2.00 for the second donor. 

Having confirmed that plasma factors were not responsible 
for the high regression indices found during the malarial attack; 
we explored the possibility that T- and B-cell numbers had: been 
altered by the infection. Table 2 shows that during the attack 
the number of T cells was reduced; this included both the 
number and percentage of T-helper cells (T4) and the ratio of 
helper to suppressor cells (Ty/Ts). The proportion of B cells: 
was increased, as was the ratio of B cells to suppressor T cells 
(B/Ts). These findings may explain the high regression indices, 
for the index is dependent on the number and power of cytotoxic 
suppressor T cells in the assay'?. These cells were unlikely to 
have been fully functional, because suppressor cell activity is 
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Regression (pg mi7'} P. falciparum EBV Sheep red 
Patient index G IgG VCA cells 
1 Acute 40 > 25.0 38.0 > 100. 10 16 
Recovered Ll 3.2 46.0 10 0 <4 
2.. Acute 4.0 > 25.0 50.0 > 1,000 I 32 
Recovered 1.5 3.2 34.0 10 0 <4 


pression assays were performed as described previously’? except that media contained 15% fetal calf serum (FCS) instead of plasma. After 
(s; Supernatants from all wells were pooled and tested. IgG and IgM was measured by an enzyme-linked immunosorbent assay”, P. falciparum 
antibody by an-immunofluorescent method using acetone-fixed parasitized red cells as targets, antibody to EBV viral capsid antigen (VCA) by 
immunofluorescence using the method of Henle et al“ and Antibodies to sheep red cells by direct haemagglutination. 5 







Antibody (end dilution) 








falciparum malaria. 




















B 
Total T Ty Ts lymphocytes 
Stage of lymphocytes lymphocytes lymphocytes lymphocytes 
infection No. % No. % No. % No. % Ta/Ts No. % B/Ts 
Acute 1374 19.24 1.00% 62.6 + 053+ 319+ 0.46+ 306+ List 0404 247+ 0.9 + 
0.83 15 0.66 13.0 0.38 7.2 0.26 93 0.3 0.27 8.7 0.4 
Recovered 2.924 65.0+ 1.99 + 67.54 147+ 50.8 057+ 203+ 26+ 032+ 06+ 06t 
1.09 12.5 0.93 10.7 0.72 73 0.25 49 0.7 0.21 3.4 0.3 
P value <0.001 <0.001 <0.001 NS <0.001 <0.001 NS <9.001 <0.00! NS <0.001 = <0.05 





Mononuclear cells were separated on Lymphoprep, washed, suspended at 3 x 10° mi”? in RPMI/20 mM HEPES/20mM HCO, containing 15% 
FCS, placed in 1.5-ml aliquots in 2-cm? wells of a tissue culture plate (Linbro) and incubated overnight at 37 °C. In the morning, all non-adheren 
cells were removed by pipetting, washed in cold phosphate-buffered saline (PBS)/!.0% FCS/0.1% azide and aliquots reacted at 4°C with th 
following antibodies: fluorescein-conjugated F(ab’), fragment rabbit anti-human immunoglobulin (Cappel) and OKT3, OKT4, OKT8 mous 
¿ monoclonal antibodies (Ortho), Cell-bound mouse monoclonal antibodies were detected by staining the cells, after washing, with fluorescein 
“conjugated rabbit anti-mouse IgG (Miles Yeda) which had been preabsorbed with human IgG bound to formalin-fixed Staphylococcus aureus cells 
A drop of each stained lymphocyte suspension was spread on a glass slide, fan dried, fixed in ethanol, washed in PBS and mounted under 
-coverslip in a drop of 90% glycerol/PBS before inspection and counting with an epi-illuminated ultraviolet light microscope. Total lymphocyt 
counts were made on Giemsa-stained blood smears, Tu and T, refer respectively to helper and suppressor T lymphocytes. NS, not significan 


: Paired ft tests were used to calculate P values. 
































known to be decreased in P. falciparum malaria'*, perhaps due 
to a lack of Tu help. 

<> Our findings are supported by data from elsewhere. In Papua 
“New Guinea, where Burkitt's lymphoma is endemic, residents 
in. areas holoendemic for malaria were found to have impaired 
EBV-specific T-cell immunity compared with residents in non- 
“malarious areas'®. In Sweden, patients with primary P. fal- 
ciparum infections had a lower proportion of Ty cells and a 
lower T,,/Ts ratio than normal Swedes”. 

Low T/T; ratios are found in a variety of infections, notably 

acquired immune deficiency syndrome'*, where a human T-cell 
lymphotropic virus infects T-helper cells'®, resulting in severe 
immunodepression and greatly increased spontaneous 
‘immunoglobulin production by B cells*. Could malaria activate 
a latent virus causing T,,-cell destruction, loss of control of B 
“cells infected with EBV and spontaneous immunoglobulin pro- 
‘duction? The loss of Ty cells was not due to cytotoxic antibodies 
generated during malaria, for we (data not shown) and others?” 
have found minimal killing of lymphocytes by acute-phase 
malaria serum when incubated with complement at 37 °C. 
The fact that B cells transformed by EBV are capable of 
producing large amounts of P. falciparum antibody that inhibits 
-the growth of the parasite’', as well as specific antibody to the 
virus and heterophilic antibody, is of interest. Children destined 
to develop Burkitt’s lymphoma have abnormally high titres of 
antibody to viral capsid antigen”’, which might be a signal that 
large numbers of their B ceils are infected with the virus. During 
repeated attacks of malaria, as a result of loss of T-cell control, 
these cells would proliferate, increasing the number of cells in 
which chromosome translocation, and ultimately malignancy, 
may occur. Another indirect effect of the disturbances set in 
train by malaria may be that the latent virus, once out of control, 
switches on immunoglobulin genes in infected cells, thereby 
producing large amounts of immunoglobulin and making trans- 
‘locations to chromosomes on which these loci lie more likely 
-and frequent. The end results are high serum immunoglobulin 
‘levels and an increased frequency of Burkitt’s lymphoma follow- 
„ing repeated bouts of immunosuppression by the parasite. 
2 We thank Mr S. Rahman, Mr K. Williams and Miss M. Sanneh 
‘for technical help. P.S., H.T. and L.W. are visiting postgraduate 
students. 


“Received 21 June; accepted 20 September 1984. 


. Epstein, M. A; & Achong, B. G. The Epstein Barr Virus (Springer, Berlin, 1979). 

 Manolov, Go& Manolova, Y. Nature 237, 33-34 (1972). 

Taub, R: et al. Proc. nain. Acad. Sci. U.S.A. 79, 7837-784) (1982), 

s Hayday, A. C., Gillies, 8. D., Saito, H.. Wood, C. & Wiman, K. Nature 307, 334-340 (1984). 

Lenoir, G. M. Preud'homme, J. L., Berheim, A. & Berger, R. Nature 298, 474-476 (1982). 

Rosen, A, Gergely, P., Jondal, M., Klein, G. & Britton, 8. Nature 267, 52-54 (1977). 

Starzl, T. E, Nalesnik, M. A., Porter, K. A., Ho, M. & Iwatsuki, S. Lancet i, 383-587 (1984), 

Lane, C. H. eral New Engi. J. Med. I9, 453-458 (1983). 

Ziegen I L, Drew, W. Lu, Miner, R. C., Mintz, L. & Rosenbaum, E. Lancer ii, 631-635 
£4982). 


le a ae cae 


10. Burkitt, D. P. J. nain. Cancer Inst, 42, 19-28 (1969). 

11. Greenwood, B. M. Lancer ii, 435-436 (1974), 

12. Rickinson, A. B, Moss, D. J, Wallace, L. E., Rowe, M. & Misko, 1. S. Cancer Res, 41 
4216-4221 (1981). 

13. Greenwood, B. M. & Vick, R. M. Nature 287, 592-594 (1975). 

14. Kataaha, P. K., Facer, C. A. & Holborrow, E. J. Clin. exp. Immun, 86, 371-376 (1984). 

15. Gilbreath, M. J., MacDermott, R. P., Pavanand, K., Phisphumvithi, P. & Kongchareon, § 
Parasite Immun, $, 431-440 (1983). 

16. Moss, D. J., Burrows, S. J., Castelino, D. J, Kane, R. J. & Pope, J, H. Int J. Cancer 34 
727-732 (1983), * 

17. Troye-Blomberg, M., Sjöholm, P. E., Perlmann, H., Patarroyo, M. E. & Perlmann, P. Clin 
exp. Immun, $3, 335-344 (1983). 

18. Murray, H. W., Rubin, B, Y., Masur, H, & Roberts, R. B. New Engl. J. Med, 310, 883-88 
{1984}. 

19, Gallo, R. C., Salahuddin, S. Z., Popovic, M., Shearer, G. M, & Kaplan, M. Science 224 
500-503 (1984). 

20. Wells, R. A., Pavanand, K., Zolyomi, S., Permpanich, B, & MacDermott, R. P. Clin. ex} 
Immun, 39, 663-667 (1980). 

21. Brown, Jọ, Whittle, H. C., Berzins, K., Howard, R. J. & Marsh, K. Clin. exp. Immu 
(submitted), 

22. De Thé, G., Geser, A., Day, N, E., Tukei, P.M. & Williams, E. H. Nature 274, 756-761 (1978: 

23. Lems:Van Kan, P., Verspaget, H. W. & Péna, A. S. J. immun, Meth, $7, 51-57 (1983). 

24. Henle, W., Henle, G. & Horwitz, C. A. Diagnostic Procedures for Viral, Rickettsial an 
Chlamydial Infections (American Public Health Association, Washington DC, 1979). 

25. Reed, L. J. & Muench, H. Am, J. Hyg. 27, 493-497 (1938), 





Mucosal mast cells are functionally 
active during spontaneous expulsion 
of intestinal nematode infections in rat 
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Infestation of the gastrointestinal tract by parasitic nematodes i: 
invariably associated with mucosal mastocytosis'?, which is. : 
thymus-dependent phenomenon in parasitized rats’, and is adop 
tively transferable with a T cell-enriched population of thoraci 
duct lymphocytes*. When derived by in vitro culture, macosal mas 
cells (MMC) arise from a bone marrow precursor after stimulatio: 
by T cell-derived factors“. In rats infected with the nematod 
Trichinella spiralis, mucosal mastecytosis is temporally associate: 
with the immune expulsion of the adult worms“ whereas in th 
case of Nippostrongylus brasiliensis, mastocytosis is frequenth 
observed to occur after worm expulsion has been completed’ 
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and serve a functional role in the expulsion of rat intestinal 
nematodes. MMC contain and secrete a neutral proteinase, rat 
miast cell protease II (RMCP I)"; detection and assay of 
secreted RMCP II therefore provides a direct measurement of 
MMC activity. Here we describe the release of this enzyme into 
the blood of rats infected with N. brasiliensis or T. spiralis. Our 
results show that the systemic secretion of RMCP II coincides 
with the immune expulsion of these nematodes, demonstrating 
clearly for the first time that rat MMC are functionally active 
during the immune elimination of primary nematode infections. 

Following oral infection of PVG rats with 1,500 T. spiralis 
muscle larvae, most adult worms were expelled from the intestine 
between 9 and 12 days after infection (Fig. 1), elimination being 
complete by day 15. Mucosal mastocytosis commenced on day 
6 and was maximal at day 12 (Fig. 1). No RMCP II was detected 
in sera either from uninfected controls or from rats infected for 
3 days. By day 6, however, significant (P <0.05; Mann-Whitney 
U test) concentrations of this enzyme were present in the serum 
(Fig. 1) and these reached a peak of 4.3 +0.6 pg RMCP H mi”! 
on day 12 of infection (Fig. 1). Serum levels of RMCP II had 
declined to 2 pg ml”! by day 15 and sera were negative for the 
enzyme 22 days after infection (Fig. 1). 

"Jna second experiment, adult N. brasiliensis worms were 
‘expelled 10-12 days after subcutaneous infection of Wistar rats 
with 3,000 third-stage larvae (Fig. 2). Maximal MMC hyper- 
‘plasia occurred on day 12 (Fig. 2) but, in contrast with infection 
by T. spiralis, this was preceded, on day 6, by a significant 
(P <0.001, Student's t-test) depletion of MMC associated with 
a significant (P<0.001, Student’s t-test) reduction of the con- 
centration of RMCP II in jejunal tissues (Fig, 2). These results 
agree with previous studies'*'* and may reflect the release from 
adult worms of a mast cell degranulating agent'®. The MMC 
present 9, 10 and 11 days after infection were predominantly 
immature'®"’ and their numbers increased during this period, 
‘as did the concentration of RMCP II in the jejunal mucosa (for 
day 6 versus day 9, P < 0.001 ; Student's t-test) (Fig. 2). However, 
whereas mucosal mastocytosis was maximal on day 12, maximal 
accumulation of RMCPII was not observed in the jejunal 
‘mucosa until day 13 (Fig. 2). No RMCP II was detected in sera 
from either uninfected controls or rats infected for 6 days (Fig. 
2), but between days 9 and 11 approximately 0.3 pg RMCP II 
per ml of serum was detected, and the concentration rose to 
0.5 ug mi“! on days 12 and 13 (Fig. 2). 

Because, in the preceding experiment, the serum levels of 
RMCP II were still elevated 13 days after challenge when most 
worms had been expelled, a further group of rats was infected 
with 5,000 N. brasiliensis larvae, and the systemic secretion of 
protease was measured daily betweeen days 6 and 16 after 
infection. Again, no RMCP II was detected in sera obtained 
before infection (day 0), but on this occasion there were trace 
amounts (119 ng per ml serum) on day 6, and the peak of the 
response (1.1 yg per ml serum) occurred on day 10 (Fig. 3). 
Between 12 and 16 days after infection, the concentration of 
RMCP II in the serum fluctuated around 200 ng mi™' (Fig. 3). 
The immune response, as judged by faecal egg counts, became 
effective on day 9 of infection and egg counts fell to zero on 
day 11, which is consistent with major worm expulsion occurring 
between days 10-and 12 and, compared with worm counts on 
day 9, there was a reduced worm burden on day 10 and parasite 
expulsion was complete by day 16 (Table 1). The patterns of 
accumulation of immature MMC and RMCP I] in the jejunum 
(Table 1) were similar to those described in the preceding 
experiment (Fig. 2). 

In marked contrast with the prominent mastocytosis occurring 
in the jejunum, the numbers of MMC in the ileum increased 
only. gradually (Fig. 2), there being no significant increase 
between days 6 and 12, the period during which RMCP II was 
released systemically (Figs 2, 3). The slow rate of mast cell 

accumulation in the ileum therefore makes it unlikely that MMC 
in the latter are a major source of secreted enzyme. That the 
_ gut is the major source of RMCP I released into the circulation 
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Fig. 1 a, Intestinal worm burden (©) and mucosal mast: cell 
counts (W) in the jejunum of rats parasitized with T. spiralis. b, 
Concentration of RMCP H (1) in the sera of naive (day 0) and 
T. spiralis-infected rats (vertical bars represent +s.e.m.). Twenty- 
five adult females (8-10 weeks old) were infected orally with. 1,500. 
T. spiralis muscle larvae, using standard parasitological tech- 
niques*’, Rats (3-5 animals per group) were killed at intervals to; 
determine worm burdens and to recover serum samples. Worms: 
were collected by incubating intestines in saline (37°C) using a 
modified Baermann apparatus’. Samples of jejunum were fixed 
in Carnoy’s fluid and processed for embedding in paraffin wax. « 
Sections (5 wm) were stained with Alcian blue/safranin and MMC `: 
were enumerated per villus/crypt unit (VCU)!*; at least 30 units 
were counted for each sample. The concentration of RMCP H in 
serum was assayed by enzyme-linked immunosorbent assay 
(ELISA). Serum and tissue samples from four uninfected control 
rats were also processed and assayed as described above. 
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Table 1 Mucosal mast cell response to infection with N. brasiliensis 








ng RMCP II Jejunal MMC per 
Day of Worm per mi RMCP II  villus/crypt 
infection burden serum (ng 7!) unit 
6 4,217 +389 119+ 55 16.5+ 10,7 0.60.1 
9 4,384 + 521 9564175 28 +3 1.4+0.6 > 
10 3,109 £443* 1,135207 30+4 46417 
16 0 166421 1,755 + 256 65.5+6.0 


Details of the experiment are given in Fig. 3 legend. The techniques 
for quantifying worm burdens, assaying RMCP H in jejunum and serum, 
and fer counting MMC were those described in legends to Figs 4-3, 
Values are mean +s.e.m, *P<0.05; tP <0.001 on day 10 versus day 9 
{Student's one-tailed t-test). : 
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Fig. 2 a, Intestinal worm burden (©) and mucosal mast cell 
counts in the jejunum (W) and ileum (©) of rats parasitized with 
N. brasiliensis. b, Concentration of RMCP II in the serum (C1) and 
jejunum (W) of naive (day 0) and N. brasiliensis-infected rats 
{vertical bars represent +s.e.m.). Fifty-seven 6-week-old female 
Wistar rats were infected subcutaneously with 3,000 N. brasiliensis 
third-stage larvae*'. Groups comprising 5-6 rats each (four rats 
only on day 13) were killed at intervals and adult parasites were 
recovered by allowing the worms to migrate from the intestinal 
mucosa into saline at 37°C (ref. 31). Segments of jejunum and 
terminal ileum were placed in Carnoy’s fixative and processed for 
MMC counts as described in Fig. 1 legend. Lengths (3cm) of 
jejunum. were examined for the presence of parasites and were 
washed exhaustively, blotted dry, and weighed before they were 
homogenized in 3 vol. of 0.15 M KCI. Homogenates were cen- 
trifuged (10,000g) and the supernatants assayed for RMCP II by 
radial immunodiffusion'*. The levels of enzyme in serum were 
determined by ELISA as described in Fig. | legend. Samples from 
five uninfected control rats (day 0) were processed and assayed in 
exactly the same way. 


‘was suggested by a recent study which showed that this enzyme 
is secreted in large amounts into the intestinal lumen during 
systemic anaphylaxis'*; there was a simultaneous release of 
RMCP II into the circulation, together with depletion of both 
MMC and RMCP II from the jejunal mucosa'*"’, 

The rate of accumulation of RMCP II in the mucosa of N. 
rasiliensis-infected rats lagged behind the development of mas- 
tocytosis, in agreement. with previous reports which suggested 
that MMC might secrete rather than store enzyme and 
< monoamines’. The fact that MMC were immature at the time 
-of maximal enzyme release and that, ultrastructurally, immature 
MMC have apparent protein synthesizing capacity”, again sug- 
ests a secretory function for these cells. Further support for 
his role is provided by the in vitro behaviour of cultured MMC 
which, during the earliest stages of differentiation, release 
MCP II into the culture medium”. Immature rat peritoneal 
mast cells actively secrete histamine”, and it is now clear that 
. brasiliensis infection in mice generates histamine-producing 
l-stimulating factor (HCSF)*, a lymphokine probably iden- 
cal to interleukin-3, which recruits putative mast cell precursors 
ô sites. of immuno-inflammatory reactions”. Taken together, 
se. studies indicate that immature mast cells and their precur- 
ors may be as functionally active as the fully granulated mature 
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Fig. 3 Faecal egg counts (#) and concentration of RMCP II in 
the sera ((J) of rats infected with 5,000 N. brasiliensis third-stage 
larvae. The techniques used were similar to those described for 
Fig. 2 although, in this instance, 22 adult male Wistar rats were 
infected. A group of five rats was bled via the tail vein on the day 
of infection (day 0). Groups of 6-8 rats were bled on day 7 and 
daily thereafter (except day 11), again via the tail vein except those 
rats exsanguinated on days 6, 9, 10 and 16 after infection. The 
immune response to the parasite was monitored by faecal egg 
counts (bulk samples) using standard methods*'. Concentrations 
of RMCP II in the sera of control (day 0) and infected rats were 
assayed by ELISA as described for Fig. 1. 





cell, and the present results are compatible with such a possi- 
bility. 

Our findings indicate for the first time a functional role for 
MMC during the immune expulsion of intestinal nematodes. 
Release of MMC mediators may allow translocation, into the 
gut lumen, of serum antibodies and complement by altering 
mucosal permeability’. In addition, these mediators may directly 
affect the parasites themselves”*, may alter epithelial integrity” 
and secretory activity’, and may act on intestinal smooth 
muscle”. The mechanisms by which MMC are activated, in the 
absence of detectable parasite-specific IgE*""°, remain to be 
elucidated. 
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Mast cells undergo an extensive and violent morphological trans- 
®rmation on stimulation’. Here we describe the dynamics of fusion 
I€ the secretory granules in individual mast cells during exocytosis. 
“he cell membrane capacitance (proportional to the cell surface 
wea) was measured using the whole-cell patch-pipette technique””, 
A which the intracellular space is dialysed with the solutions used 
wo fill the patch pipette. Our results show that degranulation occurs 
pontaneously and reproducibly if the GTP analogue, GTP-y-S, 
pad Mg-ATP are present in the pipette filling solution. Contrary 
m previous reports**, in these conditions Ca** (and/or Ca’* 
buffers) i is not required for degranulation. Although electrogenic 
Ja’? entry was not detected before or during degranulation and 
membrane conductance remained low, the capacitance, and by 
implication the area of the membrane of degranulating cells, 
mcreased sigmoidally and stepwise. We conclude that stepwise 
creases of capacitance are due to the fusion of individual secre- 
jory granules with the plasma membrane, and that guanine nucleo- 
lide regulatory proteins are involved in the control of this process. 

To our surprise, especially in view of an earlier report’ indicat- 
ing stimulation of exocytosis following microinjection of Ca?* 
verfusion with various combinations of Ca** and EGTA (to 
maintain cytosolic free Ca?” in the range 0.2-10 pM) generally 
‘ailed to induce degranulation in rat mast cells that were other- 
wise normal. Degranulation of neighbouring cells could be easily 
induced by adding compound 48/80 in their vicinity, while the 
dialysed cell remained unaffected. 

It has recently been demonstrated that guanine nucleotide 
segulatory proteins are essential for the transmission of signals 
xontrolling many cellular processes? and that a GTP-binding 
protein is involved in the activation of rat mast cells''. When 
"at mast cells were dialysed through the patch pipette with 
solutions containing GTP-y-S at concentrations down to 5 uM, 
‘hey rapidly degranulated (Fig. 1), even in nominally Ca’*-free 
solutions. Figure la illustrates the appearance of a normal mast 
cell viewed with Nomarski optics. A glass pipette was pressed 
and sealed against the cell surface using standard patch-clamp 
procedures’*. Following a strong suction pulse, the membrane 
patch enclosed by the pipette ruptured without altering the seal 
between the glass pipette and the rest of the cell membrane. 
From this point, the cell was rapidly dialysed—most ions and 
low molecular weight solutes will equilibrate between the cyto- 
plasm and the effective infinite volume of the pipette within 
seconds'*. After a variable lag time, degranulation occurred 
(Fig. 1b). 

The rapid fusion of a large number of secretory granules with 
the plasma membrane of mast cells produced an increase in the 
area of the plasma membrane through the formation of large 
irregular cavities which transformed the morphology of the cell 
surface (see Fig. 1b). The changes in membrane area were 
monitored by measuring the cell membrane capacitance (see 
Fig. 1 legend); a typical protocol for these experiments is illus- 
trated in Fig. 1c. At the start of whole-cell recording (arrow), 
the capacitance increased markedly (6 pF); this level corre- 
sponds to the capacitance of the membrane of the resting cell. 
After a variable lag time, the cells degranulated, generating a 
large increase in total membrane capacitance (average 3.94 
0. fold, n= 12), and reached a new steady state ~3-5 min after 
the onset of degranulation. 

- Similar results were obtained when experiments of the type 

















SpFl 
' 


eraaentnananminnns 


60s 


Fig. 1 Effect of dialysis of a single rat peritoneal mast cell with 
Pipette solutions containing GTP-y-S. a, A typical mast cell 
observed with Nomarski optics on a Zeiss inverted microscope 
(1M35). The patch pipette can be seen slightly out of focus, coming 
in at an angle at the lower right-hand corner. This picture was 
taken after formation of a giga-seal in the cell-attached mode. 
Typical features of mast cell morphology can be observed at this 
time, in particular a prominent nucleus and a cytoplasm densely 
packed with secretory granules. b, The same cell photographed 
~§ min after the start of dialysis and whole-cell recording. Exten- 
sive changes in appearance, corresponding to exocytotic degranu- 
lation, can be seen: residues of intragranular matrix material are 
floating near the cell. The composition of the pipette-filling solution 
was: 104M GTP-y-S (Boehringer-Mannheim), 100 uM ` Na- 
EGTA, ! mM ATP, 150mM K-glutamate, 7 mM MgCl, 10mM 
HEPES. The external medium comprised (mM): 150 NaCl, 
2.8 KCl, 1 MgCl, 6 CaCl, 10 HEPES. All solutions were adjusted 
to pH 7.2 with NaOH and the osmolality was maintained at 
300-320 mosmol kg™'. c, A large increase in the membrane area 
of degranulating mast cells can be measured at the same time as 
the morphological changes are being observed under the micro- 
scope. Changes of area were monitored by measuring the: cell 
membrane capacitance at low frequencies (414 Hz) using the syn- 
thetic Pseudo Random Binary Sequence (PRBS) method described 
by Fernandez et al’. An 18-mV PRBS (128 bits long, 6,621 Hz 
total bandwidth) was continuously applied to the command input 
of an EPC-7 patch-clamp (List Electronics). In voltage-clamp 
conditions (typically 0 mV), the whole-cell membrane current in 
response to the PRBS stimulus was sampled and stored by a 
PDP-11/23 minicomputer (Digital Equipment Corporation) 
operating on-line. The membrane capacitance was then evaluated 
from the imaginary part of the cell membrane admittance. This 
method allows accurate determination of the linear parameters of 
the cell—d.c. capacitance, d.c. conductance and series resistance 
over wide ranges as the cell degranulates. The figure shows the 
time course, before and during degranulation, of the cell membrane 
capacitance. This was measured in the whole-cell recording mode 
following identical procedures to those used for a and b (internal 
solution contained GTP-y-S at 50M in this case). The arrow 
indicates the time of transition from cell-attached to whole-cell 
recording, at which point the contribution of the cell membrane 
capacitance becomes apparent (typically 5-6 pF). After an initial 
delay, the cell degranulated and the capacitance increased 3-6-fold. 


Membrane resistance (not shown) did not change significantly == 


during degranulation. All experiments were carried out at room 
temperature. 






























































in Fig. 1 were repeated using external media in which 
a?” was maintained at submicromolar concentrations (50 pM 
GTA and no added Ca). This suggests that extracellular Ca** 
-is not a requirement for degranulation in the conditions we 
«used. Indeed, the cell membrane conductance remained at a 
: very low level during degranulation and any increases observed 
(measured in four cases, 180+ 150 pS) were always very small. 
This contrasts with the situation pertaining in adrenal chromaffin 
cells in which exocytosis can be induced by inward Ca?" currents 
of only ~100 pA (in the range 1,000-2,000 pS (ref. 2)). 
An estimate for the maximal increment in membrane capaci- 
tance can be obtained from stereological electron microscopic 
observations'* of the diameter distribution of the secretory 
© granules of rat peritoneal mast cells. According to these data, 
cells, typically 10.9 um in diameter, will contain 1,020 secretory 
granules of ~0.77 um diameter, thus predicting an increase in 
capacitance from 3.73 pF for the resting cell to 18.96 pF for a 
< cell in which all granules have fused with the plasma membrane. 
. Deviations from this estimate are to be expected because of 
_ variation in granule size, and these should be taken into account. 
Also, in our experiments we have used larger cells (average 
‘diameter measured in 15 cells was 12.8 + 1.4 um, giving a capaci- 
-tance of 5.2 pF in the resting state), containing a larger number 
of secretory granules. Even taking this into consideration, our 
_ estimate shows that the largest capacitative changes we have 
observed can only be explained by postulating that most of the 
secretory granules fuse with the plasma membrane. 
The presence of large secretory granules in rat peritoneal mast 
cells, and their fusion with the plasma membrane on stimulation, 
predicts that the increases of capacitance observed in Fig. Ic 
should occur in a stepwise manner as single granules fuse with 
the plasma membrane. This is illustrated in Fig. 2 and is con- 
sistent with the concept of granule fusion and retrieval as being 
the mechanism of exo- and endocytosis. Cells degranulate rather 
slowly at first, after an initial delay (Fig. 1c). When this is 
observed with high gain, the capacitance is seen to increase in 
: a stepwise manner (‘on’ steps, Fig. 2a). 
' We have observed two other types of discrete capacitance 
changes. Occasionally, particularly when we used filling so- 
lutions lacking the GTP analogue and containing high con- 
centrations of EGTA (0.5mM), the capacitance declined in 
steps over a period of 5-10 min (Fig. 2b). It is likely that in 
such situations some degree of degranulation had occurred 
during the establishment of the whole-cell recording configur- 
< ation, so that the step decreases of capacitance (‘off steps) 
represent retrieval of excess membrane. Episodes were also 
occasionally observed during which the capacitance fluctuated 
‘transiently between two levels (‘flicker’; Fig. 2c). Although we 
did not study these two phenomena extensively, we consider 
that they are probably related to granule fusion and retrieval, 
«as they are not associated with conductance changes of the kind 
produced by the switching of ionic channels. 
Further evidence that the data of Fig. 2 are indeed related to 
granule fusion and retrieval (exo- and endocytosis) was obtained 
by comparing the amplitude distribution of these processes. 
‘Figure 3a, b shows the amplitude distribution for the on and 
off steps, respectively. The expanded-scale distributions (Fig. 
= 3a, b, lower panels) show good agreement between the magni- 
. tude of most of the capacitance steps and the distributions 
predicted on the basis of the dimensions of the secretory 
granules. Note, however, the occurrence of a population of 
-capacitance steps (>60 fF) which are too large to be accommo- 
dated by the fusion or retrieval of individual granules. These 
larger events are likely to correspond to the fusion or retrieval 
of multiple fused vesicles, corresponding to what has been 
_described-as compound exocytosis". 
Figure 3c shows.the size distribution of capacitance flicker. 
The large steps are absent from this distribution, and all events 
fall within the range expected for single vesicle fusion events. 
“Models proposed for exocytosis typically consider vesicle fusion 
with the plasma membrane to be an irreversible process. In 
contrast, an attractive way to explain the flicker we have observed 
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Fig. 2 Stepwise changes in the capacitance of mast cells under- 
going exocytotic degranulation. a, Typical time course of capaci- 
tance changes monitored at the start of degranulation in a rat mast 
cell dialysed internally with GTP-y-S. Capacitance increments 
associated with degranulation occur in a stepwise fashion, in 
agreement with the concept of vesicle fusion. The step increases 
(‘on’ steps) shown are not associated with measurable changes in 
membrane conductance and occur independently of the membrane 
potential. Electrode filling solution comprised: 140 mM KCI, 7 mM 
MgCl,, 54M GTP-y-S, 200M ATP, 375 uM EGTA, 320 uM 
CaCl,. This particular internal filling solution caused a slow, partial 
degranulation. (ATP concentrations were kept as low as possible 
so as to reduce the possibility of ATP leakage from the patch 
pipettes while they were being brought into contact with mast cells. 
This would have caused solute permeability lesions to form in the 
plasma membrane with consequent unwanted effects.) b, Step- 
wise decreases of capacitance (‘off steps) measured on cells dia- 
lysed with solutions containing no GTP-y-S and a relatively high 
Ca?” buffering capacity. In these conditions, the cell capacitance 
typically falls and this also occurs in a stepwise fashion. Electrode 
filling solution comprised: 130 mM K-glutamate, 20 mM Na-gluta- 
mate, 7 mM MgCl, 10mM HEPES, 5mM ATP, 100 M EGTA, 
pH 7.2. c, Capacitance ‘flicker’. Transient increases of capacitance 
of relatively short duration, usually absent from downward trends 
like those of b. The capacitance flicker can be observed in both 
the presence and absence of GTP-y-S, and/or various combina- 
tions of Ca?t/ EGTA. In the experiment illustrated, EGTA was 
omitted from the electrode filling solution which was otherwise 
the same as for b, In these experiments, the external buffer solution 
was identical to that used for the experiments of Fig. Ic except 
that the concentration of Ca** was 2 mM. 

Methods: Capacitance steps of the kind expected for the fusion of 
a single secretory vesicle are best measured by the phase-sensitive 
detection method of Neher and Marty’, which is less noisy than 
the PRBS method used in the Fig. le experiment. It cannot, 
however, track large capacitance changes of the type shown in Fig. 
Ic, as the method works well only for small deviations from the 
compensated cell capacitance. In this figure, capacitance was 
tracked with an 1 1-mV sinusoidal signal of 800 Hz, Simultaneously, 
the quadrature component (membrane conductance) was 
monitored with a second phase-sensitive detector tracking the 
sinusoidal signal at 90° with respect to the capacitance detector. 
The conductance as monitored in this way did not seem to be 
correlated with the capacitance events illustrated, showing only 
the occasional opening of a single ion channel or nonspecific 

leakage (see text). 


is to assume the formation of a reversible aqueous pore betwee: 
the secretory vesicle and the plasma membrane, before forma 
tion of the (irreversible) fused state. Alternatively, newly fuse: 
vesicles might be pinched off by the strong mechanical disturb 
ances that must occur during degranulation, as vesicles fusin, 
with each other and with the plasma membrane are known t 
cause extensive reorganization of the cell surface’®. 

Our results provide a way of monitoring quantitatively th 
kinetics of granule fusion (and release) in a single cell. A 
advantage of our approach is the simultaneous dialysis of th 
cytoplasm with the solutions used to fill the pipette, whic 
enables pipette biochemistry to be carried out concomitantl 
with the electrical measurements. Our results are surprising i 
that they show that the introduction of the GTP analogue b 
dialysis through the patch pipette is a sufficient stimulus t 
secretion even in conditions where Ca?” is absent both from th 












Fig. 3 Size distribution (N) of ‘on’ a 
<- (a) and. ‘off (b) steps, and: capaci- 
tance ‘flicker’ (c). Measurements 
© were collected from 25 different cells 
in experiments similar to those of 
Fig. 2a (see Fig. 2 legend for details 
of conditions). a, On step distribu- so 
tion obtained mainly during the ear- | 


lest degranulation events at the start ' g — 


of secretion and during subsequent ue 


phases of slow degranulation in the 
conditions of Fig. 2a. The expanded 
scale (lower panel) shows the agree- 
ment between the observed step size 
arid that predicted by the vesicle 
diameter frequency distribution 
(continuous line) obtained with elec- 
tron microscopic methods'*. The 
data for the vesicle diameters were a P 
fitted by a normal gaussian distribu- tF 
tion having a mean of 0.68 +0.21 pm 
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(+#s.d.). Using these parameters, the capacitance step distribution for fusion of individual granules was predicted as shown and found to agree’ 
well with our data. This distribution also predicts that no steps larger than 60 fF should be observed. The large on steps probably correspond: 
to the fusion with the plasma membrane of clusters of previously fused granules (compound exocytosis). b, Off step size distribution obtained 
from non-degranulating cells. The expanded scale (lower panel) once again shows good agreement between the data and the predicted size: 
distribution (same parameters as in a). At small sizes the data deviate significantly from the predicted distribution and this may reflect two 
© types of endocytotic processes occurring simultaneously. e, Flicker size distribution. Note the absence of very large sizes as opposed to thè- 


‘data shown in a and b. The expanded scale (lower panel) shows that the flicker size distribution is confined to the limits predicted by single. 


vesicle sizes. We have not attempted to fit these distributions. 


pipette and the external solutions. This contrasts with the earlier 
finding that GTP analogues introduced into mast cells that have 
been reversibly permeabilized with low concentrations of ATP*~ 
causes them to undergo exocytotic secretion of histamine only 
on subsequent provision of extracellular Ca** (ref. 11). 

The differing requirements for Ca** in the various experi- 
mental systems probably depend on the degree of dialysis 
achieved. For instance, the conflict can be adequately resolved 
by postulating that a Ca**-dependent inhibitory protein present 
in the cytosol of intact cells prevents the direct activation of 

exocytosis by the GTP analogue. After the loss of this protein 
through the very efficient dialysis performed with the patch 
pipette, the analogue might act in a Ca**-independent manner. 
In intact cells and in cells loaded with GTP analogues following 
permeabilization with ATP*~, in which the full complement of 
soluble proteins is retained, direct action by the nucleotide is 
prevented by this inhibitory protein. Elevation of intracellular 
Ca** would act to remove this inhibition. 

Although the site and mode of action of the GTP analogue 
remains unknown, it seems logical to assume that it binds to a 
guanine nucleotide regulatory protein, thus activating an as yet 
unknown chain of events leading to the massive release of 
histamine and other secreted products. Possible sites for such 
regulatory proteins are the plasma membrane'', the endoplasmic 
reticulum and the secretory granule membrane. 


Received 9. July; accepted 17 September 1984. 


. Chandler, Do Ev& Heuser, 1. E J. Cell Biol. 86, 666-674 (1980). 

| Neher, E. & Marty, A. Proc. natn. Acad. Sci. U.S.A. 79, 6712-6716 (1982). 

. Fernandez, J. M., Bezanilla, F. & Taylor, R. E. J. gen. Physiol, 79, 41-67 (1982). 

. Bennett, J. P., Cockcroft; S. & Gomperts, B. D. Nature 282, 851-853 (1979). 

. Gomperts, B. D., Bennet, J. P. & Allan, D. Eur. J. Biochem, 117, 559-562 (1981). 

. Bennett, J. P., Cockcroft, S. & Gomperts, B. D. J. Physiol, Lond, 317, 335-345 (1981). 

. Gomperts, B. D., Baldwin, J..M..& Micklem, K. J. Biochem. J. 217, 737-745 (1983). 

. White, J. R., Sha‘afi, R. L, Ishizakam, K. & Ishizaka, T. Proc. natn. Acad. Sci. U.S.A. 81, 

3978-3982 (1984). : 
9.. Kanno, T., Cochrane, D. E. & Douglas, W. W. Can. J. Physiol, Pharmac. 51, 1001 ~ 1004 (1973). 
10. Houslay, M. D. Trends biochem. Sei. 9, 39-40. (1984). 
11.. Gomperts, B. D. Nature 306, 64-66 (1983). 
12. Hamill, O. P., Marty, A., Neher, E., Sakmann, B. & Sigworth, F. J. Pflügers Arch. ges. 
Physiol 391, 85-100 (1981). 

213. Marty, A, & Neher, E. in Single Channel Recording (eds Sakmann, B. & Neher, E.) 107-121 
(Plenum, New York, 1983). 

‘Helander, H. F. & Bloom, G. J. Microsc. 100, 315-321 (1973). 

hlich; Pa Anderson, P. & Uvnas, B. J. Cell Biol. $1, 465-483 (1971). 

Wion; D., Rail, M. R, Fewtrell, C. M. S., Gomperts, B. D. & Gilula, N. B. J. Cell Biol. 

77, 282-259 (1977). 

ekeroft, S..& Gomperts; B. D. J. Physiol, Lond. 296, 229-243 (1979). 


RAW PS whe 
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The T3/T-cell receptor complex on the surface of human thymus- 
derived lymphocytes consists of four glycoproteins: the a-chain 
of relative molecular mass (M,) 40,000-50,000 (40-50K), the 
B-chain (37-45K); the y-chain (25K) and the 6-chain (20k)'*. 


The, T3 œ- and B-chains have been identified as clonotypic T-cell 


receptors’, but functionally the T3/T-cell receptor chains seem 


to form a single complex: monoclonal antibodies directed at the 


20K T3 components are mitogenic for normal human T lym- 
phocytes®” and, at higher concentrations, anti-clonotypic and anti- 


20K reagents block T-cell function*"®. Recently, Zanders et al." 


showed that incubation of human T-helper clones with high con- 
centrations of antigen abolishes antigen-specific proliferation and 


induces disappearance of T3 from the cell surface. Thus, the 
13/T-cell receptor complex consists of two variable subunits, the 
T3 œ- and B-chains, which interact with antigen and the monomor- _ 


phic 20K/25K T3 chains. Recently, the existence of a fifth polypep- 
tide chain, the unglycosylated T3 e-chain, has been postulated'*"”. 
Here we confirm that a 20K e-chain does exist. The T3: e-chain 
differs from the T3 -chain in primary structure as judged. by 
N-terminal amino acid sequencing, peptide mapping and immuno~ 


blotting with anti-T3-6 and anti-T3-< antibodies. Treatment with 
endoglycosidase F revealed two nonglycosylated T3 ô polypeptide. 


backbone chains (16K and 14K) with identical amino termini 
Together with previous pulse-chase experiments” this observation 


suggests that the 14K T3 polypeptide is derived from the 16K T3 
precursor by proteolytic processing near the C-terminus of the — 


molecule. 
Using differential labelling studies and pulse-chase experi- 


ments, we suggested previously that two 20K T3 components 


might exist'?. We had found that one 20K polypeptide chain 
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Fig. 1 Purification of the T3 6- and e-chains for amino acid 
sequencing. a, Radiolabelled 20K T3 proteins: lane 1, SDS-PAGE 
analysis of radiolabelled T3 proteins after Endo-F treatment; lane 
2, SDS-PAGE analysis of radiolabelled T3 proteins before Endo-F 
treatment; lane 3, '*“I-labelled, Endo-F-treated 20K T3 material. 
+b, Large-scale purification: lane 1, purified 20K T3 polypeptide 
: chain; lane 2, purified 14K T3 polypeptide chain. Numbers on the 
right-hand side are M, markers. 
Methods: a, HPB-ALL cells were labelled with *H-amino acids 
and *5§-L-methionine (or *°S-L-cysteine) as described elsewhere”. 
Cells were washed four times in RPMI medium without amino 
acids and resuspended at a concentration of 5 x 10° cells per ml in 
«the same medium containing 5% fetal calf serum and 
(aminooxy)acetic acid. Lyophilized amino acids redissolved in 
RPMI without amino acids were then added to the cells and 
incubation proceeded for 10h at 37°C in an atmosphere of 5% 
CO,,. The cells were collected by centrifugation at 300g for 10 min 
and prepared for immunoprecipitation®”?, Immunoprecipitates 
were treated with Endo-F* and the samples were run on SDS-PAGE 
-on gradient gels (10-15% in acrylamide). The gels were dried, 
` autoradiography performed and slices were then excised and eluted 
by the addition of 1 ml 10 mM NH,HCO, and 0.01% SDS in the 
presence of 200 ug sperm whale myoglobin (Beckman). After 12 h 
incubation at 37 °C in the presence of protease inhibitors, the eluate 
was passed through nylon wool and dialysed against two changes 
of 500 ml of 10 mM NH,HCO, at 4 °C, followed by lyophilization. 
| b, HPB-ALL cells were cultured at the MIT Cell Culture Facility 
in RPMI 1640 medium, supplemented with 5% fetal calf serum. 
For purification of T3, ~50 10° cells were used. Cells were dis- 
‘rupted by nitrogen cavitation and a membrane fraction was pre- 
pared”*. Membranes were solubilized in 0.01 M triethanolamine 
PH7.8, 0.15M NaCl, 2% Nonidet P40, ImM EDTA, | mM 
phenylimethylsulphony! fluoride, 25mM iodoacetamide; the 
extract was prepurified by passage through two columns consisting 
of murine IgG-coupled protein-A-Sepharose (Pharmacia) and 
`: through a wheat germ agglutinin-Sepharose column (Vector T3), 
io T3 was isolated on an immunoadsorbent column, made with the 
T3 monoclonal antibody anti-Leu-4 (Becton-Dickinson nomen- 
_clature), coupled to protein-A-Sepharose”’. This column was sub- 
jected to several washes” before elution with 3.5 M MgCl, in the 
above buffer. Protein was recovered from the eluate by precipitation 
with trichloroacetic acid. Further purification was achieved by 
SDS-PAGE: the 20K T3 material was eluted from the gel as 
described previously% and subjected to digestion by Endo-F. A 
radiolabelled sample was analysed on a 10-15% SDS-PAGE gel 
: (a, lane 3). The 14K and 20K T3 components were isolated by 
| SDS-PAGE and electroelution”*. Purified 20K T3 (lane 1) and 14K 
“73 (lane 2) were analysed on a ‘mini gel?” and stained with 
Coomassie brilliant blue. 


T3 ô-chain) is susceptible to treatment with endo-B-N- 

etylglycosaminidase F (Endo-F) whereas the other is not (T3 
e-chain)'*, Structural differences between the T3 6- and T3 
e-chains: were assessed by determining their N-terminal amino 
acid sequences. For this, cells from two unrelated T-cell lines, 
HPB-ALL and JM, were labelled for 8 h with **S-L-methionine 

r S-L-cysteine and one other amino acid labelled with tritium. 
veach experiment, an immunoprecipitate was made with a 
monoclonal antibody to T3 and the various T3 chains were 
solated by preparative SDS-polyacrylamide gel electrophoresis 
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Fig. 2 N-terminal amino acid sequences of the T3 6- and T3 
e-chains. All sequences were obtained from protein isolated from 
HPB-ALL, except the 14K sequence, which was also derived from 
the cell line JM. — Indicates that no residue could be assigned. 
The 14K sequence was developed from both unlabelled and radio- 
labelled protein preparations. For the 16K and 23K polypeptide 
chains, only the amino acids shown in the figure were used in the 
sequencing experiments. 

Methods: Radiosequencing was performed on a Beckman 890C 
protein sequenator with a cold trap modification using the Beckman 
0.1 M Quadrol program 121078. Identification of the phenylthiohy- 
dantoin (PTH)-amino acids was as described by Coligan er al”, 
Protein sequencing on purified T3 proteins from large-scale prepar- 
ations was performed on an Applied Biosystems protein 
sequenator, Model 470A, using the MHTFA program. PTH-amino 
acids were identified on reverse-phase HPLC with a Beckman 
346 HPLC and a Beckman 165 detector, using an Ultrasphere ODS 
column (3p, 0.46 *7.5 cm). Solvent A was 93% H,O/7% solvent 
B containing 1.4 ml17! triethylamine, adjusted to pH 4.25 with 
acetic acid. Solvent B was isopropanol/CH,;CN (2.5: 1). The PTH- 
amino acids were analysed at 40°C using the following program: 
0-3.5 min, 1.5% B; 3.5-15 min, 21% B; 15 min, set for 100% B in 

12s. 


(PAGE). A small amount of a 23K T3 species was detected in 
addition to 20K. T3 (Fig. 1b, lane 2). Although Endo-F treatment 
resulted in a 14K protein, together with the remaining 20K 
material, a 16K digestion product was also present (Fig. ta, 
lane |). Experiments with the enzyme endoglycosidase H (Endo- 
H) and the drug tunacamycin demonstrated that this 16K species 
is derived from a 23K glycosylated form of T37 Pulse-chase 
experiments showed that this 23K species is converted to a 
glycosylated 20K T3 chain (ref. 2 and unpublished data). 

When N-terminal amino acid sequences were obtained from 
the 20K, 16K and 14K T3 bands after Endo-F treatment and 
from the 23K and 20K T3 bands before Endo-F digestion, the 
23K T3 polypeptide chain and the Endo-F-treated 16K T3 poly- 
peptide chain were found to have the same amino-terminal 
sequence as the deglycosylated 14K T3 6-chain (Fig. 2). The 
remaining 20K T3 material which was not susceptible to Endo-F 
treatment (T3 e-chain) had a different N-terminal amino acid 
sequence from the 14K T3 product (Fig. 2), whereas the 20K 
T3 material that had not been treated with Endo-F contained 
both sequences. Sequences obtained for the T3 6-chain isolated 
from HPB-ALL and JM were identical. 

We conclude from these experiments that: (1) the amino 
terminus of the 20K nonglycosylated T3 product (T3 e-chain) 
is different from that of the glycosylated 20K T3 product (T3 
6-chain); (2) the 23K and 16K T3 components have the same 
N-terminus as the 14K T3 component; (3) the T3 -chain 
isolated from HPB-ALL cells has the same N-terminus as the 
T3 6-chain from JM cells. 

These sequencing data, together with the pulse-chase, Endo-H 
and tunicamycin experiments”!>, provide evidence that the 23K 
T3 polypeptide chain (16K without oligosaccharides) may 
have been converted to the 20K T3 polypeptide chain (14K 
without oligosaccharides) by proteolysis. This proteolytic 
cleavage must have taken place near the C-terminus of the 
protein because all intermediates have an identical N-terminal 
sequence. The conversion from 23K to 20K during the pulse- 
chase experiment may therefore represent an in vivo proteolytic 
processing step, although protease contamination during the 
Endo-H and Endo-F experiments cannot be excluded. The 
notion that the 16K T3 6-chain is the primary protein product 
is supported by hybrid selection and in vitro translation experi- 
ments with a T3 6-chain cDNA clone (see accompanying 
article'*), 

To determine the N-terminal amino acid sequences of un- 
labelled T3 8- and T3 e-chains, the combined 20K T3 com- 












T ; : The T3 14 Kd T3 
nd T3:'e-chains were isolated from 

-an anti-Leu-4  immunoprecipitate 
which had been treated as described 
for Fig. la (lane 1). The 14K and 
120K material was either metaboli- | 
cally labelled with *H-L-lysine and | 
35S-L-methionine or with °H-L- 
arginine and *°S-L-methionine (see | 
Fig. 1). Reduced and alkylated pro- | 
1 
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“teins were eluted from a preparative 
SDS-PAGE, dialyzed and. precipi- 
tated with ice-cold acetone in the 
presence of 100 pg bovine y-globulin 
as a carrier. The lyophilized protein 
was. dissolved in H,O, precipitated 
with acetone, resuspended in 
0.05 M NH,HCO, pH7.4, TPCK- 
trypsin (Millipore) in 0:001 M HCI 
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addéd at a ratio of 10: 1 (carrier pro- 
-teinsenzyme), and incubated at 
37°C for 4h. The digest was lyophil- 
ized and the tryptic peptides were | 
resolved by reverse-phase HPLC on 
a Supelcosil C,, column (150x | 
4.6mm id., Supelco) at a flow rate 
` of 1ml min™ with a Spectra-Physics 
“SP8000B liquid chromatograph. 
i After initial isocratic elution for 
Smin in 0.1% CF,COOH, linear 
gradient elution to 0.1% CF, 
COOH/30% CH,CH was run for 
95 min followed by gradient elution 
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to 0.1% CF,COOH/100% CH,CN ae ae. eee 


in’ 10 min. Fractions were collected 
> at.0.5-min intervals and analysed by 
liquid scintillation counting. 


ponents were isolated from large amounts of HPB-ALL plasma 
membrane fractions (see Fig. 1) by elution from immunoabsor- 
bent columns and preparative SDS-PAGE; the purified protein 
was then radiolabelled with NaI and treated with Endo-F. 
Separation of the Endo-F digestion products of the 20K T3 
material by SDS-PAGE revealed that they contained only the 
t4K form and undigested 20K protein (Fig. 1a, lane 3). This 
supports the idea that the 23K/16K T3 species can be found 
only as an intermediate in the. pulse-chase metabolic labelling 
experiments. The purified 14K and 20K proteins (Fig. 1b) were 
used for amino acid sequencing in the gas-phase sequencer. An 
unambiguous sequence was obtained only from the 14K material 
and was identical to the first 15 residues found by radiolabelled 
sequencing (Fig. 2). This is an important confirmation of the 
14K T3 sequence determined with radiolabelled amino acids 
because it gives a unique contiguous sequence. Inspection of 
the limited N-terminal sequences of the 14K T3 polypeptide 
chain. (6-chain) did not reveal any homology with immuno- 
globulins'®, T3/T-cell receptor a- or B-chains'®"'°, the T-cell 
differentiation antigen T8 (ref. 20) or rodent Thy-1 (ref. 21). 

Structural. differences between the T3 ô- and e-chain were 
investigated further by HPLC of tryptic peptides. Radiolabelled 
14K and 20K. T3 polypeptide chains were prepared from HPB- 
ALL cells that had been cultured in the presence of *H-lysine 
or *H-arginine. For easy detection of the T3 proteins during the 
purification, **S-methionine was always added to the cultures. 
The tryptic peptide maps obtained from the T3 ô- and e-chains 
were clearly different (Fig.3). This. finding, together with the 
N-terminal sequence data, confirms the existence of two distinct 
20K. T3 proteins. 

The T3 e-chain had previously been identified by its capacity 
tobe labelled by the hydrophobic reagents '*°]-5-iodonaphthyl- 
T-azide (SINA) (ref. 12) and '*°1-3-(trifluoromethyl)-3-(m- 
phenyl) deazirine ('°1-TID) (data not shown) and had 
isolated based on its resistance to Endo-H and Endo-F. 
) obtain a means of positive identification of the T3 e-chain, 
monocional antibodies were prepared by immunizing mice with 
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Fig. 4 Immunoblot analysis of T3 ô- and T3 e-chains. Lane 1, 
rabbit anti-T3 5-chain serum (6081); lane 2, monoclonal reagent 
SP6; lane 3, normal mouse serum. 

Methods: Plasma membranes were isolated from HPB-ALL cells 
as described in Fig. 1 legend. Membrane proteins were treated 
with Endo-F and separated on a SDS-PAGE mini-gel?’. The pro-. 
teins were transferred to nitrocellulose”? and 4-mm wide strips 
were cut out and developed with antiserum 6081 or monoclonal 
antibody SP6 and '**I-labelled protein A. Rabbit serum 6081 had 
been prepared with a synthetic peptide containing amino acids 
1-14 of the T3 6-chain (see Fig. 2 legend)*°. Monoclonal antibody ` 
SP6 was obtained by immunizing a BALB/c mouse with denatured: 
20K T3 material and selecting with purified 6- and e-chains using ` 
a dot-blotting technique (S.P. et al, manuscript in preparation). 


purified denatured 20K T3 polypeptide chains. One of these. 
antibodies (SP6) detected a 20K T3 polypeptide chains in an: 
immunoblotting experiment after treatment with Endo-F (Fig. 
4, lane 2). To establish the extent of hydrolysis with Endo-F, a. 
control experiment was included using a rabbit antiserum (6081) 
raised against a synthetic peptide with the amino acid sequence 
1-14 of the 14K T3 fragment. The material used in these 
immunoblotting experiments contained mainly the 14K T3..8- 
chain and little glycosylated 20K T3 -chain (Fig. 4, lane 1). 
As no 14K T3 polypeptide chain was recognized by the mono- 

























































for the T3 pekan. The experiment with the rabbit antipep de 
. antibody (6081) and SP6 also demonstrated that the N-terminal 
sequence of the 14K T3 (T3 6-chain) cannot be found in the 
other 20K T3 structures (T3 ¢-chain). 

We conclude that the T3 e-chain differs from the T3 6-chain 
in several respects. First, peptide mapping, N-terminal 
sequences and the use of antibody reagents showed that their 
primary structures are unique. Second, labelling with ‘INA? 
and '*]-TID demonstrated that the T3 «-chain binds these 
hydrophobic reagents much more strongly than the other T3 
chains. In fact, the e-chain contained at least 10 times more 
1257 TID than did the T3-8-chain (data not shown). The observa- 
tion that both hydrophobic nitrene- and carbene-containing 
reagents preferentially label T3 e-chain supports the notion that 
this molecule has an extensive hydrophobic area. An alternative 
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Interleukin-t (IL-1), a peptide hormone produced by activated 
macrophages, possesses the ability to modulate the proliferation, 
maturation and functional activation of a broad spectrum of cell 
types’ and may play a major role in the initiation and amplifica- 
tion of immune and inflammatory responses through its action on 
these diverse cell populations”. IL-1 exhibits microheterogeneity 
in terms of its relative molecular mass (M,, 13,000—19,000) and 
charge properties®, and although murine IL-1 has been purified” 
and some of its basic structure—-function relationships have been 
= elucidated’, it has proved difficult to prepare sufficient amounts 
of IL-1 for direct and detailed sequence and structural studies. 
Here we report the cloning, sequence analysis and expression of 
-murine IL-1 cDNA in Escherichia coli. The IL-1 cDNA codes for 
“a polypeptide precursor of 270 amino acids. Biologically active 
IL-1 was produced in E., coli by expressing the carboxy-terminal 
-156.amino acids of the IL-1 precursor. 

Recently, we reported the preparation of goat antibodies 
+ directed against murine IL-1'°. Because of the specificity of 
“these antibodies, we were able to develop an assay for the 
detection of IL-1 mRNA and analyse the primary translation 
< form of IL-L.as well as the kinetics of its synthesis in activated 
macrophages''. Poly(A)* RNA was prepared from lysates of 
‘ superinduced”'® and uninduced P388D, cell line macrophages 
-and translated in rabbit reticulocyte lysates. The translation 





highly reactive with bo 
cannot be excluded. However, as anti-T3 and anti-T-cell receptc 
antibodies cause a rapid Ca** influx into the T cell, we has 
postulated previously that the T3 complex may contain a calciui 
channel”. The T3 -chain would be a good candidate for: 
constituent of such an ion channel. 
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Table 1 Biological activity of recombinant IL-1 

Ac.p.m.*H-TdR 

Preparation ug Protein incorporation 
Crude E. coli extract 0.7 26,370+ 4,229 
1.4 57,6374 6,099 

2.8 63,940 + 2,434 

7.0 93,475 t 10,062 

Purified recombinant 0.00002 9,997 4 4,175 
IL-1 0.00007 23,952 3,733 
0.00014 46,561 + 11,088 

0.00034 81,966 + 2,087 





E. coli containing pILI (1-156) were shifted to 42 °C for 3 h and the 
extracted with 7M guanidine hydrochloride. An aliquot of the crud 
extract was diluted in phosphate-buffered saline and tested in the thy 
mocyte proliferation assay’. 7H-thymidine (TdR) incorporation in th 
presence of extracts of E. coli containing the expression plasmid wit 
an insert in the opposite orientation was equivalent to background leve 
(2,100 c.p.m.). The crude extract was concentrated by ammonium su 
phate precipitation and then chromatographed on a 2.5 x85 cm Ultrog: 
AcA54 column, Fractions containing IL-1 activity were pooled an 
applied to an anti-IL-1 immunoadsorbent column’®. The IL-} was elute 
with 4M KSCN and an aliquot was assyed for biological activity. O 
12.5% SDS gels, the IL-1 migrated as a single band with M, of 17,401 


products were immunoprecipitated with anti-IL-1 IgG and an 
lysed on SDS gels (Fig. 1). The messenger RNA from superir 
duced cells programmed the synthesis of a 33,000 M, polypey 
tide which was immunoprecipitated with the anti-IL-1 ant 
bodies (Fig. 1, lane 1), but not by normal goat IgG (Fig. 1, lar 
3). Although present in markedly lower levels, the 33,000 A 
product was also synthesized in reticulocyte lysates suppl 
mented with mRNA from uninduced cells (Fig. 1, lane 2 
Purified low-M, IL-1 blocked the immunoprecipitation of tł 
33,000 M, peptide (Fig. 1, compare lanes 5 and 6), a findir 
that demonstrates the strong antigenic relationship between tl 
two polypeptides. In parallel studies on the kinetics of IL 
synthesis and secretion’, we have established that the 33,000 A 
polypeptide is indeed a precursor for the low- M, form of murir 





Fig. 1 Cell-free translation of P388D, IL-1 mRNA. Translation 
products were generated using rabbit reticulocyte lysates, 
‘immunoprecipitated with either normal goat IgG or anti-IL-1 IgG, 
and electrophoresed on SDS-polyacrylamide gels. Lanes 1 and 5, 
‘induced. mRNA, translation products immunoprecipitated with 
ant-IL-| IgG; lane 2, uninduced mRNA translation products 
- immunoprecipitated with anti-IL-1 IgG; lane 3, induced mRNA, 
translation products immunoprecipitated with normal goat IgG; 
lane 4, uninduced mRNA, translation products immunoprecipi- 
tated with normal goat IgG; lane 6, induced mRNA, translation 
~ products immunoprecipitated with anti-IL-! IgG in the presence 
of 2.5 pg of purified IL-1. 
Methods: P388D, cells were incubated with 10° M mezerein and 
10 xg ml”! cycloheximide for 4 h™!®?. Poly(A)* RNA was isolated 
from these superinduced cells as well as from uninduced P388D, 
cells using the guanidine thiocyanate-CsCl method” and 
oligo(dT)-cellulose chromatography**. Each translation reaction 
contained Iug mRNA (1 pl), 20 pl rabbit reticulocyte lysate 
(Amersham, N.90), and 4 pl 359. methionine (Amersham SJ 204). 
The reaction mixtures were incubated for 1h at 30°C and then 
treated with 400 pg mi”! RNase and 20 mM EDTA for an addi- 
tional 15 min, All subsequent manipulations were performed in 
the cold: Immunoprecipitation buffer (0.1 ml containing 1% Triton 
~X-100, 1% sodium deoxycholate, 0.1% SDS, 0.35 M NaCl, 10 mM 
EDTA, and 25 mM Tris-HCl, pH 7.4) was added to each tube and 
the samples were ‘precleared’ with Staphylococcus aureus?’ 
(Pansorbin, Calbiochem) before overnight incubation with either 
normal goat IgG or anti-IL-1 IgG'®. Immune complexes were 
precipitated using Pansorbin, extracted with 8 M urea, 1% SDS, 
0.1 M dithiothreitol, 20 mM EDTA, and 50 mM Tris-HCl (pH 6.8) 
at 100°C, and electrophoresed on 15% SDS-polyacrylamide gels. 
The gels were soaked in Enhance, dried and then exposed to X-ray 
film at ~80°C. M, markers (shown x 1077) were run in a parallel 
lane and visualized by Coomassie blue staining. In some experi- 
ments, a 18,000 M, translation product was immunoprecipitated 
with normal and immune IgG. As purified IL-1 did not block the 
immunoprecipitation of this product, it represents nonspecific 
binding to goat IgG. 


L-1 which is normally isolated from the conditioned media of 
simulated normal and cell line macrophages. 

To enrich for the 33,000 M, IL-1 mRNA, poly(A)* RNA from 
iduced P388D, cells was fractionated by centrifugation on a 
acrose density gradient and analysed by cell-free translation 
Fig. 2a). In this gradient, the mRNA coding for the 33,000 M, 
L-1 precursor exhibits a M, slightly greater than E. coli 16S 
bosomal RNA. Using this sucrose gradient enriched mRNA, 
cDNA library of ~75,000 clones was constructed in pBR322 
y-established procedures'. To identify an IL-1 cDNA clone, 
ie library was randomly screened using the positive selec- 
on/translation analysis described by Parnes et al”. After 
xamining 150 pools (each containing 10 clones), a positive 
roup was identified. One clone from this pool, termed pILI 
301, specifically hybridized to IL-1 mRNA (Fig. 2b). 

“Clone pIL1 1301 contains a poly(A)* tract and an insert of 
701 base pairs (bp) (Fig. 3a). When used as a probe in a 
9 blot, against mRNA from induced P388D, cells, clone 
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Fig. 2 Cloning of murine IL-1 cDNA. a, Translation and 
immunoprecipitation of polypeptides programmed by sucrose 
gradient fractionated P388D, mRNA. Lanes 1-11, | wg of each 


sucrose gradient fraction; lane 12, lpg of total P388D, 
poly(A)" RNA. Ina parallel gradient, E. coli 16S rR NA sedimented 
in the same fraction as the RNA sample used in lane 4, and 238 
rRNA in the same fraction as the RNA sample used in lane 8; b, 
Translation and immunoprecipitation of polypeptides program- 
med by mRNA selected with clone pILI 1301. Lanes | and 4, 
pBR322 selected mRNA; lanes 2 and 5, pIL1 1301 selected mRNA; 
lane 3, | ug of total P388D, poly(A)* RNA. In lanes 4 and Sia 
portion of the total translation products were run directly on the 
gel, whereas in lanes 1-3, the translation products were 
immunoprecipitated with anti-IL-1 IgG before electrophoresis. 

Methods: a, Superinduced P388D, poly(A)* RNA (0.7 mg) was 
fractionated on a 39-ml 5-25% sucrose gradient by centrifugation 
for 19 h at 28,000 r.p.m. in a SW28 rotor. Twenty gradient fractions 
were collected and the RNA was recovered by ethanol precipita- 
tion. The RNA from each of the 11 fractions comprising the middle 
portion of the gradient was examined for IL-1! programming activity 
in the in vitro translation assay (1 pg per reaction mixture). b, The 
fraction most highly enriched for the IL-1 mRNA (a, lane 5) was 
used to construct a cDNA library which was screened by hybrid- 
selection and cell-free translation as described by Parnes et al.". 
After screening 1,500 clones (150 pools of 10), the candidate clone 
pILl 1301 was compared with pBR322 in this assay. Plasmid DNA 
from 25 ml of bacterial cells was immobilized on nitrocellulose 
filters and hybridized to 20 ug of unfractionated induced P388D, 
mRNA, The specifically hybridized mRNA was eluted and trans- 
lated as described in Fig. | legend. The 49,000 Mr product in lanes 
4 and 5 is synthesized in the reticulocyte system in the absence of 

added RNA. 


pILi 1301 specifically hybridized to a single 2,000 nucleotide 
mRNA species (Fig. 4). A restriction fragment near the 5’ end 
of the pILI 1301 insert was used in a primer extension experi- 
ment to demonstrate that the majority of the IL-l mRNA 
molecules possess a single 5’ terminus, of which ~270 nucleo- 


tides are missing from clone 1301 (data not shown). To define © 


the missing sequences, a specifically primed clone bank was 
screened to identify a clone, termed pIL1 31, which overlaps 
with clone 1301 (Fig. 36) and might contain a complete copy 
of the 5S’ end of the mRNA. The nucleotide sequence (Fig. 3a) 
of clones 1301 and 31 predicts a single open reading frame, 
starting at the first AUG from the 5’ end, coding for a protein 
of 270 amino acids. This is likely to be the complete IL-1 
precursor, as there is an in-frame termination codon upstream 
from the putative initiation codon. Hence, murine IL-1 mRNA 
is ~1,974 nucleotides long (excluding the poly(A) tail), codes 
for a protein of 270 amino acids, and possesses a 5’-noncoding 
region of approximately 60 nucleotides and a 3’-noncoding 
region of 1,104 nucleotides (Fig. 3b). We have sequenced several 
additional IL-1 cDNA clones to verify the sequence presented 
in Fig. 3. Colony hybridizations against the oligo (dT)-primed 
library indicate that I in 2,000 clones contain IL-1 sequences. - 
Assuming a !0-fold enrichment following sucrose density cen- 











MET Ala Lys Val Pro fsp Leu Fhe Glu Asp Leu Lys Asn Cye Tyr Ser 


CBARA BAC GAR GAC TAC AGT TCT GCC ATT GAC CAT CTC TCT CTG AAT CAG AAA TEC 162 


Ou Asn Glu Asp Tyr Ser Ser Gia Tie Asp His Leu Ser Leu Asn Gin Lys ger 
20 zo 

Segi TAT GAY GCA ABE TAT GSC TECA CTY CAT GAG ACT TBE ACA GAT CAG TTT GYA Zits 

Phe Tyr Asp Ala Ser Yyr Gly Ser Leu His Glu Thr Cys Thr Asp Gin Phe Val 
an Se 

TOT CTG AGA ACC TCT GAR ACG TCA AAG ATG TCC AAC TTC ACE TTC AAG GAG AGC 270 
Ser Leu Arg Thr Ser Glu The Ser Lys MET Ser Aen Phe Thr Phe Lys Glu Ser 
oP Ws 

CSG STG ACA GTA TCA GCA ACG TCA AGC AAC GEG AAG ATY CTG AAG AAG AGA CEG 324 
Arg Val Thr Val Ser Ala Thr Ger Ser Asn Bly Lys Tie Leu Lys Lys Arg Arg 

ot 

CTs AGT TTC AGT GAG ACC TTE ACT GAA GAT GAC KIG CAG TEC ATA ACC CAT GAT 378 

keu Ser Phe Ser Glu The Phe Thr Glu Aep Asp Leu Gin Ger Tle Thr His Asp 
Q 100 

CIG GAA GAG ACC ATC CAS CCC AGA TCA GCA CET TAC ACC TAC CAG AGT GAT TTS 432 

Leu Gtu Glu The Ile Gln Pro Arg Ser Ala Pro Tyr The Tyr Glo Ser Asp Leu 
rig 120 

AGA Tal ABA CTG ATG ARG CTC GTC AGG CAG AAG TTT GTE ATG AAT GAT ToC cre 486 

Arg Tyr Lys Leu MET Lys Leu Val Arg Gin Lya Phe Val MET Asn Asp Ser Leu 
rey 146 

BAC CAR ACT ATA TAT CAG GAT GTG GAC AAA CAC TAT CYC AGC ACC ACT TSG TTA mae 
Asn Gin The tle Tyr Gin Asp Val Asp Lys Hig Tyr Leu Ser The Thr Trp Leu 
150 Loo 

AAT GAC CTG CAA CAG GAA GTA AAA TTT GAO ATG TAT GCC TAC TCG TOG GGA GGA 894 


Asn Aap Leu Gin Gin Giu val Lys Phe Aso MET Tyr Ala Tyr Ser Ser Gly Bly 
170 


BAC GAC TOT AAA TAT CCT GTT ACT CTA AAA ATC TOA GAT TCA CAA CTG TTE GTG GAG 
| Asp Aap Ser Lys Tye Pro Vaj Thr Leu Lys ile Ser Asp Ser Gin Leu Phe Val 
Lats soy 
Do AGC GOT CAA GGA GAA GAL CAG COC GTG TTG CTG BAG GAG TTS COA GRA ACA CECA 702 
Ser Aba Blo Gly Biu Asp Gin Pro Val Leu Leu Lys Glu keu Pro Biu The Pro 
DO RIO 
AAA CTC ATC ACA GET MET GAG ACC GAC CTE ATT TTC TIC TGG AAA AGY ATC ARC 756 


Lys Lew Ile Thr Gly Ger Glu Thr Asp Leu Ile Phe Phe Trp Lys Ser ile Asn 


TET AAG AAC TAC TTC ACA TCA GOT GOT TAT CEA GAG CTG TTT ATT GCC ACC AAA 810 
Ser Lya Aen Tyr Phe The Ser Aba Ala Tyr Pro Glu Lau fre tle Ala Thre Lys 

ean TSO 
GAA CAA AGT COG GTG CAC CTE GCA CBG GBA CTG COC TCT ATG ACA GAC TTC CAG B64 
‘iu Gin Ger Arg Val His Lew Ala Arg Gly Leu Fro Ser MET The Aso Phe Girt 

Rory 
ATA TOA TAA AAG CAG CCT TAT TTC GGG AGT CTA TTC ACT TGB GAA BTG CTG ACA 9108 
Ne Ser . 
TO 

STC TGT ATG TAC CAT GTA CAG GAA CCY TOC ThA CCE TGA GTC ACT TEC ACA BCA 972 


TAT GCT GAG TET CTG TAA TIC TAA ATG AAT GTT TAC CET CTT TOT AAG AGA AGA N26 
GOA AAC CCT AGT GER GCC ACC COG ACA TAT GAT ACT ATE TET TAT TTT AAA BAG 1980 
TAC CET ATA GTT TOC TCA GTA CTA ATC ATT TTA ATT ACT ATY CTG CAT BGC ATT EA 
CTT AGO AGG ATC ABA AAG ACT CTA CAC ATA TTA CAG ATG BGT TAA CAA AGG GAT 1168 
HAA ACA ACT GAA AAG CAC ACT CAB TGC ATT TGG AAT ATA AAT TCA CAG ACC AAT 1242 
CTC ACT GTG CAC CTT CHG CTT CAA GAT GCC AGT TGA GYA GGA TAA AGG TAT AAG 1296 
UAAC TTA ATG CTG TCA TTT TCA AAA GGA AGG GGA CAA TAG CTA CAT CTT TEC TAC 1350 
‘OTC ABT GEG TTT TAC TCC AGT GAG ATC AYT TOG ATG AAA TCC TEC TGT AAC AGA 1464 


COT. CAA GAS GGA GAC AGA CTO TTG AAT BIT ATT TTT AAG TTA TTT TAT ATA TGT 1458 
ATT TAT AAR TAT ATT TAT GAT AAT TAT ATT ATT TAT GGA ACA TOC TTA AAT CCT 1547 
{1G AGC TTO ACA BOC ATE CTC ACA GOA GGA TTT TCT AGG TGG TCA GTT AGA TAT 1546 


WEY TIC CIC TAG ALC ACC ATG CTA CAB ACT TTA CAC TTY TTC CAC AGC CAC GAA lez% 
BCT CTC TGT ACA TTC ETO TAC TTG GGA GCE CTT TCA TCA TGA TCT TAA TET GTA 1474 
OT TTT ACT TTG TTC ATE TAA AAT GAT ABT TGA GTC AGT CTT TTT CEC TEC CAT 1728 
LECT TAA AGC TET CTS GGT ATT CTT ACA TOA TTC AGT CTC ACC TGT AAC TAA CAC 1782 


CAA COM TCT AAA GAT GGA AAG AGC TTA ACT GTG ACA ACC ACA TOA CTG TTA CCT 1036 
GAA GTY TCT YTT CTA GAA TGT AAT CAG TST TTC CCC TOG ATT COA ATT TYT TTT 1890 
TRA AAC CAL AGT ATC ATG TAA CTA TCA ACA ATA ACA ATC AAC TCA TTA TTA TTA 1944 
ATC ATA ATT AAA TAA AAC AAG TTT GAG CTG AAA AAA RAA AA 1974 
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Fig. 3. Nucleotide sequence of IL-1 precursor cDNA and the 
predicted amino acid sequence of the IL-1 precursor. a, The nucleo- 
tide sequences of clones pIL1 1301 and pIL1 31 were determined 
by the chemical sequencing method”*. Nucleotide numbers are 
shown along the right-hand side of the sequence and the predicted 
amino acid sequence and corresponding position numbers are 
=, shown beneath. Clone pILt 31 was isolated by using the oligonu- 
` cleotide $’-GTGAAGGTCTCACTGAAACTCAGCCG-3,, _ the 
sequence of which is derived from clone 1301 and complementary 
to positions 322-347 of the IL-1 mRNA, to generate and screen a 
specifically-primed library from sucrose- gradient enriched P388D, 
mRNA. b, Diagram of mouse IL-1 mRNA shows that clone 31 
extends from nucleotide 1-302 and that 1301 extends from nucleo- 
tides 269-1,974 plus poly(A)tract. The boxed area indicates the 
position of the coding region for the 270-amino acid precursor and 
the stippled region indicates that portion containing IL-1 activity. 
For orientation purposes, certain unique restriction enzyme 
cleavage sites are indicated. The Sau3A sites are not unique but 
are included to indicate the position of the 740-bp fragment that 
was used for E. coli expression. 


Fig. 4. Northern blot analysis of IL-1 mRNA. Five 
pg of induced poly(A)* RNA was electrophoresed 


on a 1.4% glyoxal-agarose gel, transferred to 1.5 — 

nitrocellulose?’ and probed with nick-translated 13~ 

clone pILI 1301. M, markers (shown in kbp) were L1— 

run in a parallel lane and visualized by ethidium 0.9 — 
bromide staining. 

0.6 — 


trifugation and equal cDNA cloning efficiencies, IL-1 mRN. 
accounts for 0.005% of the total poly(A)” RNA from superir 
duced P388D, cells. 

We have used two approaches to the mapping of the sequence 
responsible for IL-1 activity within the 270-amino acid precu! 
sor. Purified low»M, P388D,-derived IL-1 exhibits micrc 
heterogeneity on both Tris-glycinate and SDS-polyacrylamid 
gels'”'*. Attempts to obtain amino-terminal sequence data o 
this mixture were unsuccessful, However, when such IL- 
preparations were treated with cyanogen bromide, a number c 
peptides were released, of which two were isolated by mear 
of HPLC in sufficient quantities for sequencing: peptid 
I > Lys-Leu-Val-Arg-Gln-Lys and peptide 2- Ser-?-?-Ty: 
Thr-Gln-?-Asp-Leu. Both of these sequences are foun 
in the 170-amino acid precursor as deduced from the cDN, 
sequences (Fig. 3a). The sequence of peptide | is located ¢ 
positions 130-135 and is preceded by a Met at position 12‘ 
The sequence of peptide 2 is located at positions 115-124, br 
is not preceded by a Met residue. We infer that peptide 2 i 
released by cyanogen bromide cleavage from the amino-termin: 
end of a subset of the IL-1 molecules that begin at the Se 
residue at position 115. 

We have also used expression in E. coli to prove that IL-1} 
contained within the carboxy-terminal region of the 270-amin 
acid precursor. A 740-bp Sau3A fragment, beginning with th 
amino acid sequence of peptide 2 and containing the sequence 
coding for the last 156 amino acids of the 270-amino aci 
precursor, was isolated from pIL1 1301 and inserted into th 
BamHI site downstream from an initiation codon in an E. co 
expression plasmid (Fig. 5a). Expression in this plasmi 
(R. Crowl, manuscript in preparation) is controlled by a prc 
moter regulated by a temperature-sensitive repressor. Guanidin 
hydrochloride (7 M) extracts of cells containing the recombinar 
plasmid were assayed for IL-1 activity in the murine thymocyt 
proliferation assay and for IL-1 immunoreactivity using go: 
anti-IL-1 IgG. Several clones containing the insert in the inico: 
rect orientation made no detectable IL-1 activity or protein (Fi 
Sb) at either 30 °C or 42 °C. Clones containing the insert in th 
correct orientation, pIL1 (1-156), made no IL-1 at 30°C, bi 
at 42°C they synthesized a 17,400 M, polypeptide that reacte 
with anti-IL-1 IgG (Fig. 5b) and was active in the thymocy! 
proliferation assay (Table 1). Crude extracts of pILI (1-15 
contained 10’ units of IL-1 activity per gram of the recombina: 
clone. Using gel filtration chromatography and an anti-IL 
immunoadsorbent, we have purified the recombinant IL-1 an 
have found that it possesses the same specific activity as tł 
IL-1 released by P388D, cells (~ 6 x 10° units per mg, Table | 
The results of preliminary experiments indicate that the recon 
binant IL-1 possesses the same range of biological activities ; 
the natural IL-1 produced by murine macrophages. 



























“Fig. § Expression of IL-1 in E. coli. a, 
Expression clone pILI (1-156) was con- 
structed by inserting a 740-bp Sau3A frag- aes 
ment from plasmid pILI 1301 into the 
BamHI site of pEV-vrfl (ref_.15) and trans- 
forming E. coli strain RRI containing the 
compatible plasmid pRK248 clts (ref. 28). 
Orientation of the insert in each clone was 
determined by the location of the Ndel 
site in the 3’-noncoding region of the IL-1 
fragment. As indicated by the sequence 
around the initiation codon of the 
expression plasmid, this construction adds 
five additional amino acids to the amino- 
terminus of the expected 156 amino acid 
IL-l polypeptide. b, E. coli containing the 
expression plasmid with an insert in the 
opposite orientation (lane 1) and in the 
correct orientation (lane 2) were grown in 
M9 media lacking methionine at 30°C. 
When Asso reached 0.3, the cultures were 
shifted to 42°C for 75 min. Forty pCi of 
*§.methionine were added to 0.5 ml of 
` each culture and incubated for an addi- 
tional 5 min at 42°C. The bacteria were 
pelleted, solubilized in 25,1 of 7M 
“guanidine hydrochloride and resuspended 
in 0.5 ml of immunoprecipitation buffer. 
Immunoprecipitation and gel analysis 
were performed as described in Fig. l 
legend. 
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_ The sequence of the cloned cDNA (Fig. 3a) and its expression 
„in E. coli offers, for the first time, an appreciation of the primary 
‘structure of IL-1 and its precursor. The 270-amino acid precursor 
~has:a calculated M, of 31,026, which is reasonably close to the 
estimated size (33, 000) of the cell-free translation product (as 
“assessed by SDS-gel electrophoresis). The precursor contains 
two cysteine residues (positions 14 and 47), three potential 
N-glycosylation sites (positions 66, 141 and 145) and an unusual 
tetrabasic region, Lys-Lys-Arg-Arg (positions 85-88). Homology 
searches of the GenBank Nucleic Acid Database and the NBRF 
Protein Sequence Database demonstrate that the sequence of 
“the mouse IL-1 gene and. protein have not previously been 
déscribed. The sequence of IL-1 was compared with that of 
several other lymphokines, interleukin-2"*, interleukin-3'°, y- 
interferon'’, and granulocyte-macrophage colony-stimulating 
factor'®, and no sequence homologies were evident. There is 
some weak homology ( ~ 32% ) between the first. 100 amino acids 
at the amino-terminal end of the mouse IL-1 precursor and the 
carboxy-terminal 100 residues of human and baboon a,-anti- 
-trypsin'’. However, there is no homology with antithrombin ITI 
and ovalbumin, the other two members of this gene family'?”°. 
The 270-amino acid precursor does not seem to contain a 
classic signal peptide. Hydropathicity plots”! indicate that the 
precursor is. mostly hydrophilic—there is no sizeable hydro- 
phobic region, especially at the amino-terminus. In addition, in 
vitro translation experiments using rabbit reticulocyte lysates 
_ and dog pancreas microsomes have not revealed any processing 
of the 33,000 M, IL-1. precursor (data not shown). Furthermore, 
“we have detected!! the 33,000 M, form of IL-1 in the culture 
fluid of stimulated macrophages——a finding that raises the inter- 
esting possibility that the 33,000 M, peptide may be the species 
“of IL-1 secreted by activated cells. 
— The carboxy-terminal 156-amino acid polypeptide that is 
active.in the thymocyte proliferation assay has a calculated M, 
~ of:17,992. The absence of cysteine residues in the low-M, IL-1 
rovides an explanation for the insensitivity of IL-1 to reduction 
ilkylation®. Chou-Fasman calculations” on this polypep- 
redict a structure with extensive B-sheet character and 
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In conjunction with other recent studies on IL-1 synthesis: 
the cloning, sequence analysis and expression of IL-1 cDNA 
clearly demonstrates that IL-1 from normal as well as cell-lins 
macrophages is initially synthesized as a 270-amino acid precur 
sor. Increased IL-1 mRNA levels (Fig. 1) probably indicate tha 
this precursor is expressed in higher levels when the macrophage 
is stimulated, In some as yet unknown fashion, the IL-1 precur 
sor is converted to the low-M, form normally detected in th 
culture fluid of activated. macrophages. Although addition 
studies remain to be done, we favour the hypothesis that th 
33,000 M, precursor is secreted and then enzymatically conv. 
ted to a lower-M, form. We suggest that one or more protease: 
released by the macrophage may be responsible for cleaving at. 
a primary processing site (perhaps the tetrabasic Lys-Lys-Arg. 
Arg at position 85-89). Subsequent proteolytic activity would. 
generate ‘ragged’ amino-termini, thus providing an explanation: 
for the M, and charge microheterogeneity that is characteristic: 
of IL-1. 
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Mitogens increase phosphorylation 
of phosphoinositides in thymocytes 
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In many cell systems the interaction of ligands with their receptors 
causes rapid breakdown and resynthesis of phosphatidylinositol 
4,5-bisphosphate (PtdIns(4,5)P,)'~*. Recent work has focused on 
the role of the degradation products of PtdIns(4,5)P, as intermedi- 
‘ates in the activation of cell function and growth®: inositol trisphos- 
phate (InsP,) can release Ca** from intracellular stores’ and 
diacylglycerol is thought to activate protein kinase C*'°. This 
‘enzyme is also activated by phorbol esters (for example, 12-0- 
‘tetradecanoy! phorbol 13-acetate, TPA)" and this is assumed to 
ccount for the pleiotropic effects of TPA on cell function and 
‘growth. Mouse thymocytes are not mitogenically stimulated by 
| TPA alone, but it is a potent co-mitogen in combination with either 
“concanavalin A (Con A) or A23187 (A. N. Corps and J.C.M., 
published observations). Here we show that mitogenic concentra- 
tions of TPA, A23187 and Con A™ each cause an increase in 
=the net phosphorylation of phosphatidylinositel (PtdIns) to 
PtdIns(4,5)P, in mouse thymocytes. This is consistent with simula- 
-tion by the mitogens of the same phosphoinositide phosphoryla- 
tions in intact cells as recently demonstrated for the isolated 
products of the src and ros viral oncogenes in a cell-free system'*"*, 
` When mouse thymocytes were labelled with myo-[2- 
Hi]inositol'®, the amounts of *H-label in each of the phos- 
phoinositides increased at an approximately constant rate for 
12-14 h, after which there was no further increase in incorpor- 
“ation. We assume, therefore, that the phosphoinositides are at 
“jsotopic equilibrium with °H-inositol after 14h and that sub- 
sequent changes in the amounts of °H-PtdIns, *H-PtdIns(4)P 
{phosphatidylinositol 4-phosphate) and 3H-PtdIns(4,5)P, reflect 
changes in the concentrations of these lipids. 
- TPA (10nM) and A23187 (100 nM) stimulated increases in 
‘PtdiIns(4)P and PtdIns(4,5)P, within 5 min and the amounts of 
3H-label in both polyphosphoinositides continued to rise for 
~15 min (Fig. la, b). ConA (1 pgmi~') caused a small, but 
~ variable, decrease in PtdIns(4,5)P, which amounted to typically 
10% after 1 min, followed by a variable increase of up to 25% 
‘above the initial level after 10 min. In most experiments there 
-was no initial decrease in PtdIns(4)P after Con A addition, and 
-the amount of Ptdins(4)P increased by 30-60% after 10 min 
_ (Fig. 1a, b). The increased steady-state levels of the polyphos- 
“ phoinositides stimulated by each of the mitogens were similar; 
hese levels may be regulated in part by feedback inhibition 
of the phosphoinositide kinases by the polyphosphoinosi- 
-tides.'416, There was no change in the amount of PtdIns over 
‘the time course of these responses (see Fig. 1 legend), thus it is 
-clear that either the phosphoinositide kinases that synthesize 
` PtdIns(4,5)P, from PtdIns via PtdIns(4)P (refs 1, 17) were 
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InsP, and diacylglycerol, and by a phosphomonoesterase to 
release PtdIns(4)P and phosphate'*”"_ 

Figure 1c, d shows the effects of the mitogens on the break- 
down of PtdIns(4,5)P, by phosphodiesterase: neither TPA nor 
A23187 had any effect (+10%) on the amounts of either InsP; 
or the other inositol phosphates within 15 min. However, there 
was an increase in the level of InsP, within 30 s of the addition 
of Con A (Fig. 1c) and later increases in inositol bisphosphate 
(InsP,) and inositol phosphate (InsP)'*. The levels of InsP, were 
increased approximately sixfold after 5-8 min, then declined 
slowly. The stimulated rates of InsP; release and breakdown to 
InsP, and InsP must therefore be similar, as the total amount 
of inositol phosphates continued to increase for at least 15 min 
(Fig. Id). Furthermore, the total amount of 3H-labelled inositol 
phosphates at 15min was approximately twice that of `H- 
labelled PtdIns(4,5)P, before the addition of Con A. The com- 
parison is only approximate because the inositol phosphates 
recovered underestimate the extent of PtdIns(4,5)P, breakdown 
(some InsP is degraded to inositol even in the presence of Li*), 
and the percentage recovery of the polyphosphoinositides'* may 
be lower than that of the inositol phosphates (>85%; ref 15). 
Nevertheless, it is clear that Con A must cause a large com- 
pensating stimulation of polyphosphoinositide synthesis to 
account for the amounts broken down to inositol phosphates 
at 20 min. Con A, TPA and A23187 all stimulate net polyphos- 
phoinositide synthesis at a similar rate (Fig. la, b). However, 
the actual rate of PtdIns(4,5)P, synthesis stimulated by Con A 
is at least 10-fold greater when the coincident stimulation of 
breakdown to inositol phosphates is taken into account. The 
data clearly indicate that Con A, but neither TPA nor A23187, 
activates polyphosphoinositide phosphodiesterase. The increase 
in PtdIns(4)P and PtdIns(4,5)P, stimulated by each of the three 
mitogens must, therefore, be due to either activation of the 
phosphoinositide kinases or inhibition of the phospho- 
monoesterases. 

Although neither A23187 nor TPA had any significant effect 
on the amount of InsP; in the cells, they had opposing effects 
on the steady-state increase in InsP, stimulated by Con A (Fig. 
Ic), which can be analysed into effects on polyphosphoinositide 
synthesis and breakdown. TPA potentiated the steady-state 
increase in InsP; stimulated by Con A, although the initial rates 
of InsP, production were similar with and without TPA (Fig. 
ic). This effect on InsP, production is most simply explained 
by the increase in the levels of PtdIns(4)P and PtdIns(4,5)P, in 
response to TPA plus Con A (not shown) compared with Con A 
alone, and any effect of TPA on the activated polyphosphoinosi- 
tide phosphodiesterase or the inositol phosphate phosphatases 
appears to be small. In contrast to TPA, A23187 inhibited InsP, 
production by Con A (Fig. 1c) and as net polyphosphoinositide 
synthesis is stimulated by A23187 (Fig. la, b), the reduction in 
inositol phosphate levels may be caused either by a Ca’*- 
mediated inhibition of the activated polyphosphoinositide 
phosphodiesterase, or by stimulation of the inositol phosphate 
phosphatases. 

Further indication of the mechanisms by which the synthesis 
and breakdown of PtdIns(4,5)P, can be altered was obtained 
by examining the effects of sodium azide and cyclic nucleotide 
analogues. When thymocytes were incubated for 10 min with 
sodium azide (10 mM), their ATP content was reduced from 
3 mM to 0.75 mM; this reduced the amounts of PtdIns(4)P and 
PtdiIns(4,5)P, by 15-20%, but had a negligible effect on the 
inositol phosphates in unstimulated cells (Fig. 2). However, 
azide reduced the stimulation of net polyphesphoinositide syn- 
thesis by the mitogens (shown for Con A in Fig. 2a, b). Azide 
also reduced the steady-state level of InsP, in Con A-stimulated 
cells, but not the initial rate of InsP, release (Fig. 2c). These 
effects can be attributed to a reduction in the phosphorylatior 
of the polyphosphoinositides and are qualitatively similar tc 
those reported in slices of parotid gland treated with 2,4- 
dinitrophenol’. 















-breakdown (6, M by mitogens.. Thy- 
:möčytes from 4-6-week-old BALB/c 
“nice were prepared in an inositol- 
free culture medium and labelled for 
18h with myo-[27Hlinositol as 
described previously’. The cells 
were washed twice by centrifugation 
in Earle’s balanced salts solution 
buffered with i0mM HEPES 
(supplemented with 5mM LicP®?! 
in experiments. where inositol phos- 
phatés were assayed) and incubated 
(2.5-5x10° cells in 0.5 mi per 
sample) for 15 min at 37 °C. In each 
experiment the data for the phos- 
phoinositides were obtained from 
` triplicate determinations with a stan- 
dard deviation <10% of the mean. 
The data points for the inositol phos- 
phates are single determinations, but 
are typical of data obtained in atleast 
three experiments. a, b, At zero time 
` the following additions were made: 
-10nM TPA (O), 1000M > A23187 
(A), l pgm! ConA (@), or salts 
solution (©). The reactions. were 
¿stopped by adding 1.88 ml 
chloroform/methanol. (1:2), the 
phosphoinositides were extracted in 
acidic conditions, deacylated with a 
methylamine reagent and the, gly- 
cerophosphorylinositides separated 
by anion-exchange chromatogra- 
phy'. The amounts of PtdIns(4,5)P, 


‘(a) and Ptdins(4)P (b) are expressed as percentages of the amounts in untreated cells (3,280 and 1,080 d.p.m. per 10’ cells, respectively), 
which were constant during the experiment. There was no. change in the amount of PtdIns (190,000 d. p.m. per 10” cells) in unstimulated o 
mitogen-treated cells (TPA, A23187, Con A: 100.64 4.4% of control (n=6), 98.1% (n= 2) and 100,94 1.4%.(n =6) respectively). The data. 
are from typical experiments: the mean values (+s.d.) for PtdIns(4,5)P, 10 min after treatment with TPA, A23187 and Con A were 135.6+22.5% _ 
(n= 6), 122.4% (n'= 2) and 105.7 + 18.2% (n=6) respectively; those for Ptdins(4)P were 192.1 + 36:8% (n= 6), 204.4% (n =2) and 139.3 + 16, 1% 
E respectively. c, d, Polyphosphoinositide breakdown to inositol phosphates. 10. nM TPA (O, W), 100 nM A23187 (A, A) or salts solution 
were added (open arrow) and the cells incubated for 10 min before addition of 1 yg mi~! ConA to some aliquots of the cells. as 
“indicated by the closed symbols. The inositol phosphates were assayed as described elsewhere’??? and the amounts of InsP, (a) and the. 
“gum of InsP, InsP, and InsP, (b) are expressed as. percentages of the amounts in control cells (1,170,180 and 360 d.p.m. per 10’ cells, 
respectively). Note that A23187 (100 nM) had no effect on the ATP content of thymocytes (measured as in ref. 34) during the experiments shown, 






Fig. 2. The effect of azide on 
polyphosphoinositide synthesis 
(a;b) and ‘breakdown (c d). 
Experimental conditions were as 
_ described in Fig. 1 legend. Sodium 
azide (10mM; ©, @) or salts sol- 
ution (O, @) was added atthe times 
indicated by the open arrow.: and 
after 10 min Con A (1 pg mi~’) 
was added to some aliquots of cells 
(closed symbols). a; b, Polyphos- 
“phoinositide data, average of two 
“experiments. c, d, Production of. 
“InsP, and total inositol phosphates. 
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_ There have been several reports that cyclic nucleotides inhibit 
the phosphoinositide responses to ligands in a variety of 
cells?'-?3. We have used 8-bromocyclic AMP (8-Br-cAMP), a 
membrane-permeant analogue of cyclic AMP, as thymocytes 
become desensitized to hormones which elevate cyclic AMP 
_ after prolonged incubation at 37 °C as required in these experi- 
< ments. (ref. 24 and J.P.M., unpublished observations). 8-Br- 
cAMP (10 mM for 10 min) increased the amount of PtdIns(4)P 
by ~20%, but had no effect on PtdiIns(4,5)P, (Fig. 3a, b). 
However, in cells stimulated with Con A, the amount of 
PtdIns(4,5)P, was increased in the presence of 8-Br-cAMP, 
although there was little effect on PtdIns(4)P. 8-Br-cAMP (but 
not 8-bromocyclic GMP; see ref. 23) inhibited production of 
` inositol phosphates in response to Con A, although there was 
no effect (10%) on inositol phosphate levels in the absence 
of ConA (Fig. 3c, d). The initial rate of InsP, production in 
response to Con A was not affected greatly by 8-Br-cAMP, but 
_ the steady-state level was reduced. These results suggest that 
8-Br-cAMP has a small stimulatory effect on net polyphos- 
` phoinositide synthesis (as reported previously*>**) and are also 
consistent with inhibition by 8-Br-cAMP of polyphosphoinosi- 
tide phosphodiesterase after it has been activated by Con A. An 
alternative possibility is that 8-Br-cAMP activates the inositol 
© phosphate phosphatases. The effects of 8-Br-cAMP on Con 
».Aestimulated InsP; production are therefore similar to those of 
--A23187, but their mechanisms of inhibition may differ because 
there are kinetic differences in their effects (see Figs le, d, 3c, d). 
It is apparent from the experiments described here that each 
mitogen tested increases net polyphosphoinositide synthesis; 
whether this is mediated by stimulation of the phosphoinositide 
kinases or by inhibition of the phosphomonoesterases is unresol- 
‘yed. However, regulation of these enzymes clearly can occur 
via Ca?*-dependent (A23187) or Ca’*-independent (TPA) 
mechanisms, as- TPA does not raise the intracellular free Ca? 
< concentration in thymocytes’. Con A stimulates the production 
Of InsP,, which may be involved in generating the rise in Ca”? 
-in thymocytes in response to Con A’’**, and the Ca signal may 
“in. tum stimulate polyphosphoinositide synthesis. Con A 
Maintains prolonged production of inositol phosphates by an 








Fig. 3 The effect of 8-Br-cAMP on 
polyphosphoinositide synthesis (a, 
b) and breakdown (c, d). The experi- 
mental conditions were as described 
in Fig. 1 legend. 8-Br-cAMP(10mM; 
V, V) or salts solution (©, @) was 
added at the time indicated by the 
open arrow and after 10 min Con A 
(1 wg mi!) was added to some 
aliquots of cells (closed symbols). 
a, b, Polyphosphoionositide data, 
average of three experiments. 10 min 
after 8-Br-cAMP addition {no Con 
A), PtdIns(4,5)P, = 103.8+5.5% of 
control, PtdIns(4)P = 119.746.2% 
of control; in the same experiments, 
Pidins = 105.0+7.2%. ¢, d, Produc- 
tion of InsP, and total inositol phos- 
phates. 


approximate balance in the stimulation of both the synthesis 
and breakdown of PtdIns(4,5)P,. Con A also causes the produc- 
tion of diacylglycerol’, which may activate protein kinase C 
and hence stimulate net polyphosphoinositide synthesis by 
analogy with the effect of TPA. It is possible, therefore, that 
both products of PtdIns(4,5)P, breakdown act as feedback 
activators of its synthesis. It should, however, be emphasized 
that there is at present no direct proof that diacylglycerol pro- 
duced by PtdIns(4,5)P, breakdown activates protein kinase C 
in intact cells, or that the small (less than threefold) rise in the 
Con A-induced intracellular Ca** concentration is sufficient te 
stimulate polyphosphoinositide synthesis. It is important ta 
establish whether either of these mechanisms is operating, as 
they may occur in a wide range of cells. What is of interest, 
irrespective of mechanism, is that each of the mitogens stimulates 
the net phosphorylation of the phosphoinositides in lym- 
phocytes. This finding may be compared with the recent observa- 
tion that viruses carrying the src (ref. 13) and ros (ref. 14) 
oncogenes stimulate phosphoinositide phosphorylation ir 
fibroblasts, which can be attributed to the phosphoinositid: 
kinase activity of the isolated gene products. 

M.V.T. holds a MRC Studentship. This work was funded by 
a grant from the SERC to J.C.M. Technical assistance was 
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A common inherited disorder of steroidogenesis in man, 21- 
_ hydroxylase (21-OH) deficiency, is linked to the HLA major 
_histocompatibility complex. (MHC)', and is associated in par- 
i ticular with certain allotypes of the HLA-linked complement 
` proteins”, Recently, this disorder was demonstrated to result from 
a defective structural gene for the 21-OH enzyme, also termed 
cytochrome P-450c2; (ref. 4). The human (HLA) and murine (H-2) 
MHCs are homologous in overall organization and in the struc- 
tures of their component genes*. To determine whether 21-OH 
“genes are located in the H-2 complex, we have now used a bovine 
adrenal complementary DNA clone encoding part of 21-OH® to 
examine a cluster of overlapping cosmid clones derived from the 
~S region of the BALB/c mouse’. We found. that there are two 
. 21-QH genes in this region, located immediately 3’ to the C4 and 
Sip. genes. 


The cDNA clone used in this study, pC21a, contains a 520-~ 


base pair (bp) insert in the PstI site of pBR322, encoding 
approximately the middle third of the bovine 21-OH peptide®. 
To ascertain whether mouse genomic DNA contained a homo- 
logue of bovine 21-OH, the 430-bp PstI fragment of pC21a was 
hybridized to Southern blots? of BALB/c DNA (Fig. la). An 
EcoRI fragment of 3.0 kilobases (kb) and a 3.7-3.8-kb BamHI 

_ fragment hybridized with the probe. In some experiments, the 
‘BamHI band was resolved as a doublet. 

Mapping of the chromosomal location of these genes was 
guided by linkage data obtained in man. Patients carrying 21-OH 
deficiency on the haplotype HLA-Bw47; DR7 also carry a null 

< allele at one of the two C4 loci encoding the fourth component 
of complement in man”. This haplotype invariably carries a 
_ deletion of a 21-OH structural gene, suggesting that the 2/-OH 
and C4 locivare adjacent and have both been deleted in this 
haplotype*. In man, both the C4A and C4B loci encode 
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Fig. 1 Hybridization of pC2ia to BALB/c mouse gehom 
DNA(a) and cosmid clones (b). Methods: a, 10 pg of D 
pared '° from mouse liver were digested overnight with: 
of the indicated restriction enzyme. The digests were subjects 
electrophoresis in 1.0% agarose and blotted to nitrocellulos: 
430-bp PstI fragment of pC21a° was radioactively labelle fee 
**p.dCTP to a specific activity of 10° d.p.m. pg”! by nick-transla- 

tion”, The blot was hybridized for 36h at 65°C. with 
10° d.p.m. cm? of the denatured radioactive probe in 100 wlem™? 
of hybridization solution: 0.9 M NaCl, 0,09 M Na-citrate; pH 7, 
10% dextran sulphate, 0.5% SDS, 100 wg mi~’ denatured herring 
sperm DNA, 0.1% Ficoll 400, 0.1% polyvinylpyrrolidone, 0.1% 
bovine serum albumin. The blot was washed twice for 10 min each 
at room. temperature in 0.3 M NaCl, 0.03 M Na-citrate, 0.5% SDS, 
and three times for 1h each at 65°C in 0.15M NaCl, 0015M 
Na-citrate, 0.5% SDS. The blot was autoradiographed for.3 days. 
on Kodak XAR film using an intensifying screen at —70 °C. Sizes 
of hybridizing fragments were determined by comparing-elec- 
trophoretic mobilities with a HindIII digest of bacteriophage A 
DNA. b, 2 ug of each cosmid DNA (prepared as described élse- 
where’') were digested with BamHl, fractionated on a 1.0% 
agarose gel and transferred to nitrocellulose. Hybridization and 
washing were performed as in a except that the probe was used at 

5x 10* d.p.m.em™?, 


haemolytically active complement’. There are two related loci 
in the mouse, located in the S region of the H-2 complex. One 
encodes mouse C4, and the other, Sip, encodes ‘sex-limited 
protein’, a haemolytically inactive homologue of C4 expressed 
only in males of certain strains'®'', To determine whether the 
mousé 2/-OH gene was linked to the C4 or Sip genes, Southern 
blots were prepared from overlapping cosmid clones spanning 
the S region’ and hybridized with the pC2la probe (Fig. 1b). 
The probe hybridized with a 3.8-kb BamHI] fragment in cosmids 
E-7 and E-69 and a 3.7-kb BamHI fragment in cosmid E-26, 
corresponding to the 3.7-3.8-kb BamHI fragments seen in 
Southern blots of total genomic DNA (Fig. la). An 8.5-kb 
BamHI fragment was detected in cosmid E-15 which contained 
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Cosmids’ carrying fragments which specifically 
hybridize with the pC2la probe are indicated 
by bold lines. Maps of BamHI and EcoRI 
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cates that the order of fragments under the line 
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below the map indicate the fragments that 
hybridize to the pC2la probe. The proposed 
arrangement of the genes for factor B, Slp, C4 
and 21-OH (P-450.5,) is illustrated at the top 
of the figure. Because the pC21la clone is not a 
full-length cDNA copy, the 5’ and 3° borders 
of the two 2/-OH genes have not been deter- 


F7 





Sites Eco RI Ht——tt 


' 





mined and are therefore indicated by dotted 
lines. The direction of transcription is shown 


huner 





manenmane 









































=e aera 1 T T 
Scale (kb) 120 


On 


‘a portion of the 3.7-kb fragment seen in cosmid E-26 ligated to 
the cosmid vector, indicating that the sequence hybridizing with 
“the probe was at one end of the genomic DNA insett. In addition, 
‘eosmids E-7, E-69 and E-26 all contained a 3.0-kb EcoRI frag- 
ment which hybridized with the probe and co-migrated with the 
EcoRI fragment identified in Southern blots of mouse genomic 
DNA (data not shown). In cosmid E-15, a smaller EcoRI frag- 
ment at the end of the insert hybridized with the probe. 
© Cosmids E-7 and E-15 respectively carry the Sip and C4 
genes”’*'>. By inspecting the map of restriction sites for these 
“clones (Fig. 2), it was possible to locate the sequences hybridiz- 
ing with pC21a to fragments within 6 kb 3’ of the Sip and C4 
genes. These experiments demonstrate that there are two 2/-OH 
geries in the mouse (which we have designated 21-OH-A and 
21-OH-B) and that, as is trué for at least one 2/-OH gene in 
man, they are tightly linked to the class III MHC gene, that for 
corhplement C4. 
The adrenal cortex is the primary site of 21-OH activity. To 
verify that the C4-linked 2/-OH genes were appropriately 
expressed in the mouse, the 3.8- and 3.7-kb BamHI fragments 
from cosmids E-7 and E-26 were used to probe Northern blots 
of total RNA prepared from liver, testes and. adrenal glands of 
C57BL/6 mice’ (Fig. 3). These probes hybridized to a 2.2-kb 
RNA species in total mouse adrenal RNA; this corresponds 
well to the size of 2/-OH mRNA isolated from bovine adrenal 
glands‘. There was no apparent hybridization with unfraction- 
ated RNA from liver or testes, but very low levels of hybridiz- 
ation would not have been detected. 
The orientations of the 21-OH genes were determined relative 
to the C4 and Sip genes. The 3.8-kb BamHI fragment of cosmid 
E-7 (21-OH-A) was digested with KpnI, yielding 2.7- and 1.1-kb 
subfragments. Restriction mapping demonstrated that the 2.7-kb 
fragment was closer to the 3’ end of the Sip gene, whereas the 
L.i-kb fragment was closer to the 5’ end of the C4 gene. The 
1.t-kb BamHI- Kpn] fragment was subcloned into the single- 
«stranded bacteriophage vectors M13 mp8 and mp9 (ref. 15), 
-and complementary single- stranded 2p labelled probes were 
prepared from each subclone’. The probe prepared from the 
“mp8 subclone, but not the probe from the mp9 subclone, hybrid- 
ized to a 2.2-kb species in total adrenal RNA (data not shown). 
Similar results were obtained with the 1.1-kb BamHI1-Kpnl 
fragment derived from the 2/-OH-B gene. These results demon- 
strate that both 2/-OH genes are transcribed in the same direc- 
tion as the Sip and C4 genes. 

Previous study of these cosmid clones using several single- 
copy probes derived from regions flanking the C4 and Sip genes’ 
indicated that the two genes arose by a direct duplication of 

“about 55 kb of chromosomal DNA. The 21-OH genes are located 
within this duplicated region: thus, single adjacent C4 and 
21-OH genes were presumably duplicated simultaneously. The 
Sip gene product subsequently diverged from C4 in function 
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Fig. 3 Northern blot analysis using a murine genomic 2/-OH 
probe. Total RNA was isolated from the liver, testes and adrenal 
glands of C57BL/6 mice’. 15 pg of each RNA were fractionated 
by electrophoresis in denaturing conditions in 0.9% agarose- 
formaldehyde” and transferred to nitrocellulose. The 3.8-kb 
BamHI fragment of cosmid E-7 was nick-translated as described 
for Fig. la, and hybridized with the blot at 1 10° d.p.m. om~% in 
0.1 mi cm? of: 50% formamide, 5 mM _ Tris-HCl pH 7.6, 0.75 M 
NaCl, 0.075 M Na-citrate, 12.5% dextran sulphate, 0.1% SDS, 
0.1% Ficoll 400, 0.1% polyvinylpyrrolidone, 0.1% bovine serum 
albumin, 0.1 mg ml”! denatured herring spetm DNA. The blot was 
hybridized at 42°C for 18 h, washed as described for Fig. la and 
autoradiographed for 4h at ~70 °C without an intensifying screen. 
Molecular sizes were estimated by comparison with 185 and 28S 
RNA, assuming sizes of 2,100 and 4,200 nucleotides, respectively. 
The same result was obtained when the 3.7-kb BamHI fragment 
of cosmid E-26 was used as the probe. 


and regulation; at present, it is not known whether both or or 
one of the murine 2!-OH genes is active. There is also 
evidence for concerted regulation of the 2/-OH and C4 or. 
genes, but the 2/-OH genes may indirectly influence expressi 
of Sip by modulating the production of adrenal androgens’ 
Our mapping of the murine 2/-OH loci within the S regi 
suggests that the 2/-OH genes became linked to the MHC befi 
mammalian speciation. The functional significance of this lit 
age is unclear; it is possible that the 2/-OH genes have remain 
in the MHC because of their close proximity to the C4 gen 
Alternatively, as all other genes in this region have roles 












i ninimomodulatory role by regulating aai oiii 
thesis. There may also be non-immunological effects; inbred 
_ mice display mating preferences depending on H-2 type, and 
can discriminate urine odours from H-2 congeneic mice in 
‘Y-maze experiments'®. H-2-associated differences in 21-OH 
activity would be expected to influence urinary levels of meta- 
“bolites of both glucocorticoids and androgens, which might be 
perceived by mice. Such an influence on mating preference might 
encourage an advantageous mixing of mouse populations. An 
analysis of the regulation of the two 21-OH genes in different 
inbred mouse strains may help to answer these questions. 
We thank Ms Barbara Onufer and Mr Daniel New for tech- 
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> Feline and human mucopolysaccharidosis VI (MPS VI or 
= Maroteaux-Lamy syndrome) are inherited autosomal recessive 
deficiencies of lysosomal enzyme arylsulphatase B'*. Affected 
and children exhibit lesions caused by incompetent degrada- 
n, retinal atrophy and excessive urinary excretion of dermatan 
acial dysmorphia, corneal stromal opacities, leukocyte granula- 
ion, retinal atrophy and excessive urinary excretion of dermatan 
miphatec cand usnally di die-before adulthood’''. Most attempts to 

















treat hamis affected with MPS Vior other mucopoly 









charidoses have been ineffective or logistically prohibitive'*?'; but 
allogeneic bone marrow transplantation (BMT) offers promise for 
cure of certain inborn errors of metabolism’. Engraftment of 
normal donor marrow may endow the enzyme-deficient recipient 
with a continuous source of enzyme-competent blood cells a 
tissue macrophages to facilitate degradation of stored substrate 
and to prevent genesis of further malformations. To test this 
hypothesis, we performed. allogeneic BMT in a 2-year-old male 
Siamese cat with advanced MPS VI. Here we describe BMT- 
induced correction of this hereditary enzyme deficiency. — 

The MPS VI-affected 2-year-old male Siamese cat used in th 
experiment was the offspring of two known MPS VI hetero. 
zygotes’. A healthy female sibling with normal levels of ary 
sulphatase B activity was selected as marrow donor after it wa 
found to be histocompatible with the affected cat on the. basis. 
of one and two-way mixed leukocyte nonreactivity—the sole 
criterion available for determination of feline histocompatibility. 
(for methods see Fig. 1). Total-body irradiation was delivered 
to the affected recipient cat as a single 7.0-Gy dose ata rate of 
2.5 Gy min”! with a 6-MeV linear accelerator after selective 
decontamination of its intestinal tract with oral neomycin an: 
polymyxin B for 7 days. At 24h post-irradiation, female sibl 
donor bone marrow cells (210° per kg body weight) we 
injected into the jugular vein of the irradiated MPS VI-affected 
cat (see Fig. 1). For 40 days thereafter, the cat was housed in. 
a laminar flow sterile isolator where it received sterile food and. 
water and its temperature, hydration, and fluid intake and output 
were monitored daily. Parenteral fluids and antibiotics wer 
given as indicated by a deficit in hydration status and rectal 
body temperature greater than 39.2°C, respectively. Blood 
leukocyte and platelet concentrations, volume of packed red 
cells, leukocyte arylsulphatase B activity, and urinary 
cosaminoglycan (GAG) excretion. were determined b l 
after BMT (for methods see Figs 1, 2). Cyclosporin (15 mg 
kg orally) was administered daily from 19 to 104 days post-B 
to prevent graft-versus-host disease. Karyotypic ysis 
cultured bone marrow cells was performed 183 days afte 
BMT. ; 

Irradiation-induced myelotoxicity was evident on day | van 
extended to day 12 after BMT (Fig. 1). Beginning 18 days aft 
BMT, rapid reconstitution by donor-origin granulocyte: 
monocytes and thrombocytes occurred. An early indication o 
donor-origin engraftment was a marked decrease in Alder-Reil 
body-bearing neutrophils, and appearance of Barr body-bearin 
(female) neutrophils. Lymphocytes. remained below. pretran 
plant levels during cyclosporin. therapy (days 19 to 104) bu 
returned to normal levels thereafter. Urinary dermatan sulphate 
excretion decreased 2.5-fold by day 1 and 14.6-fold by day 232 
after BMT (Fig. 2). Leukocyte arylsulphatase B activity 
increased 30-fold by 232 days after BMT. Both urinary dermatan 
sulphate excretion and leukocyte arylsulphatase B activity have 
maintained values within the normal range. Karyotypic analysis 
on day 183 post-BMT revealed a stable chimaera of 72.5% 
donor-origin (female) and 27.5% recipient-origin (male) cells. 

Clinical changes in the MPS VI-affected cat following resto: 
ation of arylsulphatase B activity by BMT have been complete.. 
resolution of corneal clouding and continuing resolution of: ” 
facial dysmorphia (Fig. 3). Subjective changes in the cat after 
BMT include improved ability to walk and increased movement. . 
of the head, neck and mandible (for example, restored capacity 
to masticate dry food), increased suppleness of the haircoat and 
improved demeanour. 

While the logic behind treating heritable disorders of bone 
marrow-derived cells with allogeneic BMT is evident (reviewed ` 
in ref. 23), the rationale for treating multisystemic lysosomal”. 
storage diseases, such as MPS VI, with allogeneic BMT is less 
clear. Implicit in the application of BMT therapy for conditions 
in which the biochemical defect is expressed in organs not: 
derived from bone marrow, is the belief that either the adopted 
enzyme-replete cells will transfer enzyme to cells of the several 
involved organs”, or that bone marrow-derived cells are 














Fig. 1 Peripheral blood cell numbers in the 20 
MPS VI-affected cat marrow transplanted with 
normal allogeneic feline bone marrow. Total- 
body irradiation-induced myelotoxicity (days 
0-18) followed by bone marrow transplanta- 
tion-mediated haematological reconstitution 
(days 18-25) and stabilization (days 25-250). 
Methods: At the times indicated, complete 
blood counts and serum chemistry evaluations 
were performed. Ficoll-metrizoate (1.077 g 
cm™*)-separated leukocytes from each of four 
siblings of the MPS Vl-affected cat were 
assayed for one and two-way mixed leukocyte 
reactivity against similarly separated lym- 
phocytes of the affected cat according to a 
modification of Peck and Bach*®. Lymphocytes 
(210°) were mixed in 96-well plates either 
with 2 x 10° mitomycin C-treated (2 ug mitomy- 
cin C per 10° lymphocytes, 45 min incubation 
at 37°C) or with 2x10° non-mitomycin C- 
treated leukocytes and incubated in a 37°C, 
humidified, 5% CO, atmosphere for 7 days. 
Eighteen hours before collection, 0.5 wCi of 
*H-thymidine was added to each well. The cat 
with the lowest stimulation index was selected o 
as the marrow donor. Marrow was obtained 

from the ketamine-anaesthetized donor by 

aspiration from both femurs and humeri. The 

cells were diluted in Hank's balanced salt sol- 

ution, centrifuged at 1,000g for 10 min, the sur- 

face fat layer was removed, and the buffy coat 
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cells were separated by pipette aspiration and then filtered through six layers of sterile gauze. Viable mononuclear cells were enumerated with 
the aid of Trypan blue vital stain and 2 x 10° mononuclear cells per kg infused into the jugular vein. Following haematological reconstitution 
(day 21) cyclosporin (a gift from J. F. Borel, Sandoz) was administered orally, 15 mg per kg daily. Serum trough levels of cyclosporin were 
measured at 134 ug 1”! (University of Minnesota Hospitals, Outreach Program). Karyotypic analysis was performed as follows: aspirated bone 
marrow mononuclear cells from the affected cat were cultured for 4 days in 25 cm? flasks as described’, medium containing nonadherent 
cells were transferred to a 15-ml conical centrifuge tube, incubated for 1 h at 37 °C with 4 ug of colchicine, and the pelleted cells were exposed 
to 5 ml of hypotonic (0.075 M) KCl solution for 10 min at 37 °C and fixed with 1 ml of methanol: acetic acid (1:3). The final cell suspension 
was dropped on cleaned glass slides and dried at 65 °C, and stained with a 2% Giemsa stain for 6-8 min. Forty metaphase chromosome were 


examined at <1,000. 
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Fig.2 Urinary excretion of glycosaminoglycans and leukocyte 
arylsulphatase B activity of the MPS VI-affected cat marrow trans- 
planted with normal feline bone marrow. Urinary excretion of 
glycosaminoglycans decreased to the normal range (day +18 to 
day +232) as arylsulphatase B activity was installed in the 
mucopolysaccharidosis Vl-affected cat by bone marrow trans- 
plantation. Urinary glycosaminoglycans were determined accord- 
ing to a modification of Pennock. CPC ppt, cetylpyridirium 
chloride precipitate. The predominant glycosaminoglycan excreted 
pre-BMT was dermatan sulphate, as determined by thin-layer 
chromatography. Leukocyte arylsulphatase B activity was deter- 
mined according to a modification of Baum et al’. 
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Fig. 3 a, Normal Siamese cat; b, arylsulphatase B-deficient sibling 

of the cat shown in a; c, the same animal 105 days after bone 

marrow transplantation. Complete resolution of corneal clouding 
and partial resolution of facial disfigurement can be seen. 











_ responsible for degradation of the majority of systemic substrate 

“under normal conditions. Support for one or both of these 
mechanisms is provided by the demonstrated correction of the 
galactosylceramidase deficit in the nerves of ‘twitcher mice’ 
when these nerves are grafted into normal mice”? 

Although allogeneic BMT has been performed in children 
with various lysosomal storage diseases, the long-term effective- 
ness of this treatment is unknown™ >, Our results show sig- 
nificant and sustained improvement in the health of an MPS 
Vl-affected cat after successful allogeneic BMT, which suggests 
that allogeneic BMT may provide curative therapy for human 
MPS VI. However, in those lysosomal storage diseases where 
significant neurological damage occurs, this method must be 
further evaluated before it can be conscientiously recommended. 
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¿Only one gene coding for glyceraldehyde 3-phosphate dehy- 
drogenase (GAPDH, EC 1.2.1.12), a key enzyme in the control 
of glycolysis, i is known to be functional in man, mouse, rat and 
chicken’*, The ‘gene has been localized to chromosome 12 in 
human?” and chromosome 6 in mouse*. Only a single mRNA 
species has been found in chicken’ and rat”. However, analysis 
of genomic DNA blots- of various species with a cloned GAPDH 
cDNA probe has revealed large differences in the level of reiter- 
ation, ranging from one to over 200 copies. On this basis, we have 
grouped these organisms into three classes according to the number 
of GAPDH-related sequences they contain; one class with a unique 
representation (chicken), another class of relatively low reiteration 
(10-30 copies in man, hare, guinea-pig and hamster) and a third 
class of high reiteration (> 200 copies in mouse and rat). The third 
class represents the first reported occurrence of such an extreme 
number of pseudogenes related to an enzyme-coding gene and 


- suggests that a dramatic amplification event took place between 





ms 15 and 25 million years ago. 
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l Investigations using this animal model of human disease coul 



















clarify the pathogenesis of MPS-induced lesions and would 
allow detailed analysis of the ability of BMT to prevent and 
correct’ pathological changes caused by arylsulphatase B 
deficiency and perhaps other inborn enzyme deficiencies. 

We thank K. L. Martin for clinical monitoring of the ca 
J. C. DeMartini, R. E. Smith and M. G. Weiser for review of th 
manuscript, and H. J. Deeg and W. C. Ladiges of the Fred. 
Hutchinson Cancer Research Center, Seattle, for advice on: 
transplantation techniques. This work was supported in part by. 
grants F32-CA-06907, CA-32563, CA-32552, HD-08315, AM 
33170, CA-29582 and by a grant from the Office of Development, 
College of Veterinary Medicine and Biomedical Sciences, 
Colorado State University. 


16. Toma, L., Pinto, W., Nader, H. B. & Dietrich, C. P. Braz. J. med. Res. 16, 29-33 (1989), y 

17. Vine, D. T. et al, J. clin, Invest. 69, 294-302 (1982). 

18. Dean, M. F. et al. Nature 287, 609-612 (1975). 

19. Dean, M, F. et al. Nature 261, 323-325 (1976). 

20. Gibbs, D. A., Spellacy, E., Tompkins, R., Watts, R. W, E. & Mowbray, J. F. J. inher: metab, : 
Dis. 6, 62-81 {1983}. 

21. Brown, F, R. et al, Am, J, med, Genet. 13, 309-318 (1982). 

22. Hobbs, J. R. Lancet ii, 733-739 (1981). 

23. Bayever, È. & Feig, $. A. Recent Advances in Bone Marrow Transplantation, 185-195 (Liss 
New York, 1983). 

24, Kadota, R. P. Mayo Clin. Proc, $9, 171-184 (1984), 

25. Neufeld, E. F., Sando, G., N., Garvin, A. J. & Rome, L. H. J. supramotec. Struct, 6, 95-101 
(1977). 

26. Olsen, L, Dean, M. F., Harris, G. & Muir, H. Nature 291, 244-247 (1981). 

27, Olsen, IL, Dean, M. F., Muir, H. & Harris, G. J. Cell Sci. $8, 241-231 (1982). 

28. Olsen, I, Muir, H., Smith, R., Fensom, A. & Watt, D. J, Nature 306, 75-77 (1983). 

29. Scaravilli, F. & Suzuki, K. Nature 305, 713-715 (1983). 

30, Hobbs, J. R. er al, Lancet ti, 709-712 (19814). 

31, Hobbs, J, R. Expl’ Hemat. 10, Suppl. 10, 48-49 (1982). 

32. Hugh-Jones, F. Exp! Hemat. 10, Suppl. 10, 50-51 (1982), 

33. Keivit, W, et al Blood 60, 170a (1982). 

34, Bayever, E., Feig, S. A., Philippart, M. & Brill, N. Clin, Res. 31, 107a (1983). 

35, Desai, S. et al. Expl Hemat. 11, Suppl. 13, 98-100 (1983). 

36. Peck, A. B. & Bach, F. H. J. immun, Meth. 3, 147-150 (1973). 

37. Rojko, J. L., Hoover, E. A, Quackenbush, S. L, & Olsen, R. G. Nature 298, 385-388 { 1982 

38. Pennock, C. A. J. clin, Path, 29, 111-123 (1976), 

39. Baum, H., Dodgson, K. 8. & Spencer, B. Clin. chim. Acta 4, 453-455 (1959), 


As a preliminary to the screening of genomic . librari 
obtain the gene, we probed Southern blots'' of chicken anc 
genomic DNA, respectively, with GAPDH cDNA‘ clones: 
rat (pR GAPDH1)"° and chicken (pGPD1)’. In chicken DNA 
we obtain a simple pattern of EcoRI (10 and 15 kilobases (kb) 
and HindIII (8, 1.7 and 0.5 kb fragments)(Fig. 1), The Hindili 
pattern is identical with that observed by Kuo et al’? and the | 
EcoRI pattern is also in good agreement with previou: : 
reports”'*, despite the presence of a weaker additional band 
probably reflecting some polymorphism at EcoR¥ sites, All thes 
data support the existence of a single GAPDH sequence in the 
chicken genome. In contrast, however, Fig. | shows a: large. 
number of fragments homologous to GAPDH cDNA in the rat. 
genome. This clone consists exclusively of coding sequences 
(spanning amino acids 261-324)", so this hybridization pattern 
does not result from. repetitive sequences in untranslated 
regions'*. Moreover, the probe is so small as to make it extremely. 
unlikely that the multiple bands would correspond to genomic. 
fragments harbouring different exons. To eliminate the possibil- 
ity that the pattern of multiple bands detected results from 
incomplete digestion of the genomic DNA, the same blots were 
rehybridized to a rat serum albumin cDNA clone, yielding ax 
pattern similar to the one published for this gene'* (data not 
shown). The stringency of washing conditions (0.2 x SSC, 60°C). 
suggests that these multiple genomic bands are highly 
homologous to GAPDH. Indeed, the same pattern was observed” 
when filters were washed either at 25 °C in 2 xSSC or at 73 °C 
in 0.2 xSSC (not shown). This is therefore a clear indication 
for a highly multigenic family of related sequences in the rat. 
genome. To rule out a preferential reiteration of only part-of. 
the GAPDH sequence as observed previously in the human 
myoglobin gene’, we rehybridized mouse and rat Southern blots - 
with a PstI- Hin FI fragment excised from a full-length rat cDNA: 
clone, This probe is 229 nucleotides long, including 74 5’untrans 
lated and 155 coding nucleotides; it gave rise to the same. 
complex pattern of bands (not shown), indicating that these. 

















































































“Fig. 1 Southern blot analysis of GAPDH-related sequences in 
; chicken, hare, man, guinea pig and rat genomic DNA, 
Methods: Genomic DNAs were prepared according to Gross- 
Bellard et al.”°. Hare DNA was a gift of Dr Y. Pauplin. Genomic 
DNAs (20 pg for chicken, man, guinea pig and hare, 5 jg for rat) 
were digested for 24h with a 10-fold excess of the indicated 
restriction enzyme (Boehringer) and electrophoresed onto a 0.5% 
agarose gel (Sigma, type II) at 2V.cm™! for 20h in Tris-borate- 
EDTA buffer (90 mM/90 mM/2 mM, pH 8.3). EcoRI and HindiH 
fragments of adenovirus 2 DNA were used as molecular weight 
markers (kilobases). Blotting onto nitrocellulose membranes was 
> as described by Southern''. Hybridizations were carried out in 
50%, formamide, 0.75 M NaCl, 50mM sodium phosphate pH 7, 
6.1% polyvinylpyrrolidone, 0.1% Ficoll, 0.5% SDS, 400 wg mI! 
denatured sonicated salmon sperm DNA and 5-10 ng mi”! of 
nick-translated radioactive probe (1-2 10° d.p.m.pg™', Amer- 
sham). The chicken blot was probed with a chicken cDNA clone 
_(pGPD-1)’, the human, hare, guinea pig and rat blots with 
pRGAPDH-1 (ref. 9). Three 20 min washes in 2 x SSC (0.3 M NaCl, 
0.03 M Na citrate) at room temperature were followed by a more 
_stringent wash in 0.2 x SSC at 60°C for 1 h. Autoradiography was 
performed at --80°C on Kodak XARS film with an intensifying 
screen. Exposure times were 4 days for chicken, human, guinea 
pig and hare and 16h for rat. 


‘amplified sequences were not truncated significantly at the 
5^ end. 
We next determined more accurately the number of sequences 
related to GAPDH cDNA and sought to determine when the 
mplification events occurred during evolution. Human, hare, 
nea pig, hamster, mouse, chicken and rat DNA was analysed 
‘by Southern blot and dot-blot assay using a rat cDNA probe 
(PRGAPDH-1)(Fig. 2). The stringency of the washing condi- 
tions (0.2xSSC, 60°C) is such that only the least divergent 
sequences are scored, so that the values obtained are minimal 
estimates. We grouped the organisms into three classes accord- 
ng to the number of related sequences they contain. Class I 
has a single copy (for example chicken) and class I] organisms 
have 10-30 copies (for example man, hare, guinea pig, hamster}. 
The number of bands in Southern blots (Fig. 1) is consistent 
with the number of gene copies titrated by dot-blot assay (Fig. 
«The number of human GAPDH genes was confirmed by a 
lomologous cDNA probe'®. Class HI (for example, rat, mouse) 
-organisms contain an unusually high number of sequences 
€©200 copies), consistent with the results of screening a rat 
genomic DNA cosmid library with the pRGAPDI probe, yield- 
ng an unexpectedly high number (140) of positive clones per 
-=0.8 genome equivalent (not shown), that is, approximately 
one clone per gene copy. To eliminate any possible artefact of 
he dot-blot assay, the same blot was probed successively with 
he rat'serum albumin cDNA clone used above as a control of 
nomic blots and pRGAPD H-1. As expected, only one copy 
of albumin gene was titrated under these conditions (data not 
shown), confirming our finding of multiple copies of GAPDH- 
related sequences. 

The high number of bands observed on all but chicken 
genomic blots (Fig. 1, hare and rat) argues against a clustering 
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Fig. 2 Dot-blot quantitation of GAPDH-related sequences in 
various species. Lane A, indicated amounts (in xg) of denatured 
genomic DNAs probed with nick-translated chicken pGPDI for 
chicken DNA and with pRGAPDH-! for DNA from all other 
species, Lane B, scale of known amounts of pGPD1 or pRGAPDH- 
1 DNA 2 hybridized with the homologous probe in parallel with 
genomic DNA. The amount of plasmid DNA deposited on each 
spot of lane B was adjusted so that the numbers indicate directly 
the number of GAPDH sequences per 5g genomic DNA as 
spotted in A. The number of genes on the divergence tree are 
averages of independent experiments (5 for human, mouse, rat 
and hamster and 3 for chicken, hare and guinea pig). The probe 
used in all cases had comparable specific activities (1-1.5 x 
10° d.p.m. pg™'). Samples of genomic and plasmid DNA were 
denatured by boiling for 10min in 0.3 M NaOH at 50 pg ml, 

chilled on ice and neutralized with one volume of 4M ammonium 
acetate. Fixation onto nitrocellulose membranes used the BRL 
HybriDot system. Hybridization and washing were as described 

in Fig. 1. 


of GAPDH-related sequences. At the chromosomal level, the 
presence of a processed gene on the human X chromosome!™!® 
indicates that these sequences are not confined to the human 
chromosome 12, the site of the only functional gene*’. At the 
level of rat genomic DNA, the rough equivalence between 
cosmid clones and gene copies mentioned above further indi- 
cates that there should not be more than one copy per ~40 kb. 

The three classes of reiteration seem to have arisen through 
at least two steps of amplification which, according to the 
divergence tree of Fig. 2, could be dated back to more than 
70-80 million years’? (after the separation of birds and mam- 
mals) and to 15-25 million years'®”° (after separation of 
Cricetidae and Muridae phyla but before that of species within 
the Muridae). However, the high degree of sequence conserva- 
tion between rat and all other organisms except chicken argues 
against the first amplification step. Using a value of 5x 107? 
nucleotide. substitutions per site per year as a mutation rate for 
a non-functional gene”', one. would expect at least 35% diver- 
gence between the true gene (represented by the cDNA probe) 
and pseudogene to have arisen before the separation of human 
from the other species analysed (70-80 million years). This is 
certainly not the case as, under the hybridization stringency 
used here, these pseudogenes would not be detected. Indeed, 
rat and chicken cDNA which have diverged by 19% (ref. 10) 
did not cross-hybridize under our stringency conditions. 

The nature of the amplification processes is thus open to 
speculation. Duplications and random insertions of cDNA 
sequences (processed genes or retrogenes) in the genome are 
two mechanisms currently proposed for pseudogene generation. 
As mentioned above", one such processed gene has been iden- 
tified on human chromosome X, which indicates that random 
insertions can account for at least some of the GAPDH family. 





„or dihydrofolate reductase” 





In the case of human arginosuccinate synthetase, which shows 
: approximately the same level of reiteration frequency (10-15 
: copies) 
genes” 


)*, it has been shown that most if not all are processed 
Both GAPDH and arginosuccinate synthetase are 


ubiquitous housekeeping enzymes which are therefore likely to 


be expressed in germ-line cells where retrogenes are believed 


“to be generated. Based on the above considerations, our 
hypothesis is that most, if not all, pseudogenes for these two 


enzymes could have arisen in man by insertion of cDNA copies. 
The same may also be true for the other members of the same 
class of reiteration (hare, guinea pig and hamster). 

On the other hand, several considerations make it unlikely 
that the second mechanism alone could have produced such a 
remarkable multigenicity as observed in Muridae. First, insertion 
of cDNA copies in such a high number has never been observed, 
even for genes encoding other ubiquitous proteins such as actin” 
for which mRNA templates are 
available constantly. Second, a preliminary analysis of several 
genomic clones shows that different clones have slightly different 
patterns of stained bands but similar patterns of GAPDH- 
hybridizing bands, suggesting that duplication events involving 


© DNA fragments of several kilobases in length occur in these 
s organisms. 


Our. findings make it possible to speculate on the relative 


contribution of these two processes to the generation of the 
_ GAPDH family in Muridae. In a first step common to all species 


“studied, except chicken, 10-30 pseudogenes would be con- 


«tributed by insertion of cDNA copies. At this point, Muridae 


would have departed from other species by a burst of duplication 
events (possibly by transposition-like mechanisms) to reach the 
extreme degree of reiteration observed. A detailed analysis of 


© our characterized rat genomic clones is now necessary to eluci- 


date the mechanisms involved in this latter step. 
During the completion of this work, we learned that A. 
Hanauer and J. L. Mandel (personal communication) have 


< observed values quite similar to ours for the multigenicity of 
` human, hamster and mouse. 
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According to the cross-bridge model’ of muscle contraction, an 

interaction of myosin heads with interdigitating actin filaments 
produces tension. Although X-ray equatorial. diffraction patterns: 
of active (contracting) muscle show that the heads are in the vicinity 
of the actin filaments, structural proof of actual attachment of | 
heads to actin during contraction has been elusive’. We show here 

that during contraction of frog skeletal muscle, the 5.9-nm layer 
line arising from the genetic helix of actin" is intensified by as- 
much as 56% of the change which occurs when muscle enters rigor, | 
using a two-dimensional X-ray detector. This provides strong struc- : 
tural evidence that myosin heads do in fact attach during con- 
traction” ; 

Two-dimensional detectors of multiwire type*-'° despite their 
advantage over the one-dimensional detector, have not been 
applied to structural studies on muscle because the spatial 
resolution in the direction perpendicular to anode wires is 
limited. We have improved the resolution by the method" used 
in a wide-angle detector, that is by increasing the drift distance. 
for electrons liberated on ionization. The improved detector, 
like other position-sensitive detectors, has the capability of fas 
recording and low background and is therefore suitable 
studying transient changes of weak X-ray reflections ‘suc 
arise from the actin filaments during contraction. a 

The basic structure of the detector was the same. as’ ha 
described previously’, Anode wires were sandwiched 
between two planes consisting of cathode strips (Fig. 1). These . 
strips were parallel to the anode wires in the back plane and 
orthogonal in the front plane. An avalanche occurring to an. 
anode wire induced positive pulses on nearby strips on. both 
planes. Such pulses were transmitted to delay lines*!*, The 
coordinate of the avalanche was determined from the signa 
propagation times to both ends of the delay line in the back 
plane, and the y coordinate from those in the front plane. , 

The detector had a sheet of aluminized Mylar with a strong 
negative bias near the entrance of the chamber. This enlarged. 
the space for electrons to drift and multiply, increasing the 
number of anode wires involved in each avalanche. In con- 
sequence, the accuracy of the position determination along the: 
x axis was improved considerably. With an optimum spacing 
(4 cm) between the Mylar and the anode, the spatial resolution 
(full width at half maximum) was 600 um along the x axis and 
500 um along the y axis. 

The Outputs of the detector were sent to a buffer memory: | 
(2x 10* words) which stored them as a function of time. After’ 
a data-collection period, consisting of a resting phase before 
muscle contraction and an active phase during contraction, the 
contents of the buffer memory were transferred to a disk memory. 
The disk had separate memory segments for the two phases and 
accumulated the data on repetition of contractions to give rise 
to the diffraction patterns. 

A sartorius muscle of the bullfrog Rana catesbeiana was 
placed in a low- -angle camera of the mirror-monochromator 
type’ at a specimen-to-detector distance of 75cm. The’ 
meridional and layer-line reflections at orders of 1/42.9 nm™' 
arising from myosin, were recorded up to the 6th order with a: 
total exposure of 2-3 min. The exposure time needed for record- 
ing the much weaker actin layer line at 1/5.9 nm! was 4-10. 
min, considerably shorter than the time (~24h) required for 
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Fig.1 Structure of the multiwire chamber. The chamber consisted 
of a sheet of aluminized Mylar (~1.0kV) near the entrance, and 
an anode plane (80 x80 mm, +1.8 kV) sandwiched by two cathode 
planes with a spacing of 3mm. The anode plane was made of 
gold-plated tungsten wires 20 um in diameter, 1.5 mm apart. The 
cathode planes were made of the same wires, Imm apart, 
orthogonal or parallel to the anode wires. The cathode wires were 
connected in pairs to form strips'®'*. The circuit for the delay-line 
readout was the same as that described by Hendricks’, containing 
four filter amplifiers, four discriminators and two time-to-digital 
converters. The sensitivity of the detector was not quite uniform 
along the x axis. When the uniformity was tested at a Mylar-to- 
anode distance of 4cm with an uncollimated iron source, the 
photon count at each anode wire was 8% greater than that at the 
midpoint between wires. The chamber was filled with a gas mixture 
of 90% argon and 10% methane at a pressure of | atm. With a 
dead time of 7 us, the maximum counting rate was 4 x 10* s~’ with 
a 72% efficiency. 


xecording it on an X-ray film placed at the position of the 
detector. 
We studied the change in intensity of this actin layer line on 
activation of muscles. Each muscle was stimulated to contract 
isometrically at a sarcomere length of 2.3 um for 1 s every 5 min. 
The muscle produced a steady tetanic tension from about 0.15 s 
after the onset of the stimulus. The diffraction pattern obtained 
for a 0.8 s period during steady tension (Fig. 2a) was compared 
with the resting pattern (Fig. 2b) obtained for a 0.8s period 
immediately before each contraction. During contraction, the 
integrated intensity of the actin layer line was 31+ 3% (-ts.e.m., 
six pairs of patterns) greater than that during rest; the increase 
was statistically significant (P <0.01). There was no apparent 
shift of the intensity peak along the layer line. 
The layer line was intensified also in rigor muscles. The muscle 
was put into rigor while in the X-ray camera by first perfusing 
the specimen chamber (holding a living resting muscle at a 
sarcomere length of 2.3 pm) with Ringer’s solution containing 
ImM iodoacetate at 30°C for 1 h. The muscle then was stimu- 
lated repetitively with electrical pulses (1 Hz) until the resting 
tension increased and there was no response, to stimulation. 
¿Finally the specimen chamber was perfused again with the 
iodoacetate Ringer for 1h. In the rigor pattern the integrated 
ntensity of the actin layer line was 55+7% (=s.e.m., five pairs 
of patterns) greater than that in the resting pattern. In addition, 
the radial position of the intensity peak was now closer to the 
“meridian. Both the intensification of the layer line and the inward 
“shift of the peak on rigor development had been shown pre- 
viously'* and attributed to the attachment of myosin heads to 
actin. 
When the behaviour of this layer line during contraction was 














Fig. 2, Comparison of contracting (a) and resting diffraction (b) 
patterns. Arrows, actin layer lines at 1/5.9nm~'. In the central 
parts of the patterns, the contrast was adjusted to display the 
myosin layer line at 1/42.9 nm™! (1) and the meridional reflection 
at 1/14.3 nm™! (2). 

Methods: A frog sartorius muscle was held in a specimen 
chamber by clamping the pubic bone at one end and connecting 
the tendon to a force transducer at the other end. The muscle axis 
was aligned parallel to the y axis of the detector. The specimen 
chamber was perfused with oxygenated Ringer’s solution (115 mM 
NaCl, 2.5 mM KCI, 1.8 mM CaCl,, 2.15 mM Na,HPO,, 0.85 mM 
NaH,PO,, pH 7.2) at 2°C. Isometric contractions of | s duration 
were elicited by trains of supramaximal pulses (20 Hz) given 
through a pair of platinum electrodes placed parallel to the muscle 
axis. Each muscle was made to contract 40 times, and the diffraction 
data from 20 muscles were accumulated to obtain the contracting 
pattern; the total exposure time was ~10 min. The average tension 
of the 40 contractions was 84+ 1% (-+s.e.m., n = 20) of the initial 
tension. The X-ray source was a rotating-anode generator (Rigaku, 
type FR) with a fine focus (1 x0.1 mm) on a copper target. This 

was operated at 50 kV with a tube current of 70 mA, 


first studied using X-ray films'* ‘6 no change in the intensity 


was detected. Haselgrove’’ did observe an intensity increase 
during contraction but, because of the large standard deviations 
of the measurements, he considered this result inconclusive. A 
one-dimensional position-sensitive detector revealed no 
intensity change'*, The present study has demonstrated a sig- 
nificant intensity increase, more than 50% of that occurring on 
rigor induction. Dr H. E. Huxley (personal communication) 
and his co-workers have observed similar changes. 

Other possible causes of an intensity increase of this layer 
line during contraction have been eliminated by Parry and 
Squire®, who concluded that the increase can be explained 
satisfactorily only in terms of the attachment of myosin heads 
to actin. Thus our result provides evidence for the attachment 
of cross-bridges in active muscles’, although at this stage we 
cannot rule out the possibility that other changes in the thin 
filament contribute to the increase. The absence of significant 
inward shift of the intensity peak along the layer line can be 
explained by assuming the attachment to occur at a variety of 
angles”. 
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Drs E. J. O’Brien, G. W. Offer and D. W. Maughan for dis- 
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The sequence AAUAAA, found 11-30 base pairs (bp) upstream 
of the poly(A) site of most non-histone eukaryotic messenger RNAs 
. (mRNAs)' forms an essential part of the he recognition site for 3’-end 
processing of the primary transcript”. However, the sequence 
-AATAAA is found in transcribed regions of genes* and is differ- 
entially utilized in genes containing multiple copies of the sequence 
. within the 3’-noncoding region®", suggesting that the hexanucleo- 
„tide alone does not comprise a complete recognition site. Therefore, 
it seems likely that additional sequences are required to form a 
‘complete recognition site for 3'-end formation. We have investi- 
-gated the sequence requirements for mRNA 3'-end formation using 
-the rabbit B-globin gene as a model system. Here we demonstrate 
that an additional sequence 3’ to AAUAAA is required for the 
¿correct 3'-end formation of rabbit B-globin mRNA. 
To delineate possible sequence requirements for 3’-end 
- formation within the 3’-lanking region of the rabbit B-globin 
“gene, Bal31 deletions were made of sequences downstream to 
AATAAA (Fig. 1). A simian virus 40 (SV40)-pBR328 expression 
vector, pB5’SV, containing the rabbit B-globin gene plus 425 bp 
. of 5’- and 355 bp of 3’-flanking sequence’, was linearized at a 
-unique Sall restriction enzyme site 3’ distal to the AATAAA 
“and the ends digested with Bal31 exonuclease. This approach 
generated a series of clones with varying lengths of 3’-flanking 
deletions proceeding from a distal to proximal direction with 
respect to the AATAAA. A BglII fragment containing the 3’- 
noncoding region, the AATAAA plus the remaining 3’-flanking 
» sequence was subcloned into the unique BglII site at the transla- 
tion termination codon of the rabbit B-globin gene in the intact 
pBS'SV plasmid; this provided cloning sites 5’ and 3’ to the 
insert containing the Bal31 deletion, ensured that sequences 
adjacent to the insert were identical between constructs, and 
also retained the original 3’-noncoding region, AATAAA and 
poly(A) site 3’ to the insert as an internal control. 
- The DNAs from these deletion constructs were transiently 
“expressed in HeLa cells”®; 36 h after transfection, the cytoplas- 
omic RNA was extracted and analysed by S, nuclease map- 
ping”? using an end-labelled probe spanning the entire region 
< Of the insert and the original 3’-flanking region downstream. 
| RNAs from constructs showing correct 3’-end formation at the 
inserted ’site were poly(A)-selected (data not shown)” 
Six constructs (clones 2-7) containing varying lengths of 
lanking deletions were analysed (Fig. 2). Clone 2, containing 
largest 3'-flanking deletion ending 1Sbp beyond the 
TAAA, did not contain sufficient sequences to signal 3’-end 
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Fig. 1 Construction of Bal31 deletions 3’ distal to the AATAAA = 
sequence. The plasmid p@5’SV containing the entire rabbit B- :: 
globin gene plus 425 bp of 5'- and 355 bp of 3’-flanking sequence 
was linearized with Sail at a unique restriction enzyme site 3’ distal. 
to the AATAAA. Linearized DNA (100 ng) was digested with 0.1 U 
of Bal3\ exonuclease in a total volume of 10 pl at 30°C for 
35-40 min?’, Approximately 20.ng of this DNA were filled-in and 
the ends ligated in the presence of an equal weight of unphosphoryl- 
ated. Bgill linkers. The ligated DNA was transformed into MC1061 
competent cells. Ampicillin-resistant transformants were Si 
and the DNA from mini-preparations”’ was digested with Bgil. 
The BglII fragment containing the 3'-noncoding region, AATAAA, 
plus the remaining 3’-flanking sequence was eluted froma i 
agarose gel”. This fragment was subcloned into the unique B 
site at the translation termination codon in the rabbit B i 
gene of the intact pBS'SV plasmid. The final constructs containe 
the insert flanked by BglII sites and the original 3’-noncodin; 
region, AATAAA, and poly(A) site 3’ to the insert: 


formation within the inserted fragment. Instead, processing. 
occurred 3’ beyond, using the original AATAAA and poly(A) 
site (Fig. 3). The remaining five deletion constructs (clones 3-7) 
contained sufficient sequences to signal correct 3’-end formation 
19 bp downstream of the inserted AATAAA. Of these five func- 

tional constructs, clone 3 contained the largest deletion of 3'- 
flanking sequence, ending 51 bp beyond the AATAAA, leaving 
a difference of only 35 bp between the end of this clone and the 
nonfunctional construct, clone 2. Within this 35-bp region is a 
G+T-rich homology, part of a pentanucleotide homology, and 
the poly(A) site. The G+ T-rich homology, TGTGTTGGAA, is 
found 3' of the poly(A) site in several other genes”. The 5’ end 
of this critical 35-bp region intersects another sequence 
homology, CAYUG, which is found 3’ of the AATAAA before 
or after the poly(A) site of many vertebrate genes”. This pen 
tanucleotide sequence is complementary to regions of the RNA 
of the U4 small nuclear ribonucleoprotein, suggesting that U4 
may mediate 3’-end processing. The poly(A) site is found 19 bp 
3’ of the AATAAA and is therefore missing from the nonfunc-: 
tional deletion clone 2. However, sequence analysis. of many 
vertebrate genes has shown that all four nucleotides are used 
for polyadenylation (S. M. Berget, unpublished data),.thus the 
exact sequence of the poly(A) site is unlikely to be importa 
for mRNA 3’-end formation. It is more likely that either or bot 
of the G+ T-rich and pentanucleotide sequence homologies ma 









‘Fig. 2. Sequence 3" to AATAAA, 
indicating the ends of the Bal31 dele- 
tion constructs, homologies found 
within the critical 35-bp region 
between the ends of the nonfunc- 
tional (2) and functional (3) clones, 
and the poly(A) site(*). The ends of 
the Bai31 deletion clones 2 and 3 
were determined precisely by DNA 
sequencing’? while those of clones 
4-7 were determined approximately 
by restriction enzyme mapping. The 
numbering system corresponds to 
that used in Fig. 3. 
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Fig.3 S, nuclease mapping of the 3’ ends of the cytoplasmic 
RNAs from Bal31 deletion constructs of the rabbit B-globin gene. 
Lane 1, (control) RNA from intact rabbit -globin gene in the 
pB’SSV plasmid showing correct 3’-end formation 19 bp 3' of the 
AATAAA. Lane 2, RNA from the nonfunctional deletion construct, 
clone 2, with insert ending 15 bp beyond the AATAAA; 3’ ends 
were formed only at the original poly(A) site 3‘ to the inserted 
fragment. Lanes 3-7, RNAs from functional deletion constructs 
with inserts containing progressively greater lengths of 3'-flanking 
sequence. Clones are arranged in ascending order, starting with 
clone 3, which ends 51 bp 3’ of the AATAAA. a, Correct 3’-end 
formation occurred in all five clones 19 bp downstream of the 
inserted AATAAA. b, Some 3’ ends, not detected in clones 4-7, 
were formed at the original poly(A) site 3’ of the insert in clone 
3. Lane M, **P-labelled markers (bases). The numbering system 
corresponds to that used in Fig. 2. 
Methods: 10 ag of DNA from each deletion construct were trans- 
fected into a half-confluent 199-mm dish of HeLa cells by the 
calcium phosphate precipitation method*®. Five plates were used 
for each DNA; 12h after transfection the medium was changed. 
The célls were grown for an additional 24h, then the RNA was 
extracted and the cytoplasmic fraction purified”. The rabbit B- 
“globin RNAs.were detected by S, niiclease mapping of the 3’ ends”* 
using an end-labelled RI-Sal DNA probe spanning the region of 
the insert and the original 3’-noncoding region, AATAAA and 
3'-flanking sequence. 


be. involved in the formation of a complete recognition site for 


__3'-end formation of the rabbit 8-globin mRNA as the nonfunc- 


tional deletion clone 2 ends 15 bp beyond the AATAAA and 
lacks. both of these sequences. 

Aside from correct 3’-end formation at the inserted site, a low 
level of processing, not observed in clones 4-7, was detected at 
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the original poly(A) site 3’ to the inserted site in clone 3 (Fig. 
3). If the low level of 3’-end formation at the original site 
accurately measures the amount of readthrough RNA not pro- 
cessed at the inserted site, then there might be sequences 3’ to 
the poly(A) site that are not required for correct 3’-end formation 
but nevertheless affect the efficiency of the process. Alternatively, 
there may be a transcription termination sequence within the 
immediate 3'-flanking region, resulting in less readthrough RNA 
processed at the original poly(A) site. 

The experiments described here demonstrate that sequences 
within a critical 35-bp region extending from 3 nucleotides 5’ 
to 31 nucleotides 3’ of the poly(A) site are required for correct 
3'-end formation of the rabbit B-globin mRNA. These results 
are consistent with the Bal31 deletion analysis of the adenovirus 
E2A transcriptional unit recently described by McDevitt et al“; 
they demonstrated a sequence requirement for 3'-end processing 
downstream of the poly(A) site. However, the sequence of the 
required region of the E2A poly(A) site differs from that of the 
35-bp region of the rabbit -globin gene; this disparity may 
reflect the different factors involved in recognizing a signal 
sequence for 3’-end formation in a viral as opposed to a mam- 
malian gene. As the functional clone ending 51 bp beyond the 
AATAAA includes the G+ T-rich homology and the pentanu- 
cleotide homology, either or both of these sequences may be 
required for correct 3’-end formation. Further analysis by point 
mutation of the 35-bp region should elucidate the precise 
sequence requirement for 3’-end formation. 
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THERE has been a rash of interest recently 

+ in the ramifications of the effect of size on 

~ living organisms. Traditionally this is a 

_ subject that has been within the province of 

vertebrate physiologists, although it is now 

“extending, with important messages, into 
«the realm of ecology. 


Professor Schmidt-Nielsen’s Scaling is 


written for a general audience and is 


“eminently readable; a splendid book 


_> primarily on the effect of animal size on 
physiology. Schmidt-Nielsen has himself 
< done important work in the field and this 
thas been one of his interests for many 


years. His latest account of the subject is 
clearly written in much the same easy-to- 
follow way that characterizes Animal 


_ Physiology (Cambridge University Press, 
| 3rd Edn 1984), his well-known textbook. 
Professor Calder’s book, on the other 
_ hand, is for the specialist. It covers some of 
“the material on physiology that is in 
_ Schmidt-Nielsen, but goes on to look into 


the developmental and ecological conse- 


< quences of size. This is a very difficult book 
to read, yet it is full of valuable, detailed 


information, well worth any trouble it 


-might cause the reader in digging out the 


“nuggets. It is more of a reference compen- 
„dium than a book to read, but there are 


_-short portions scattered here and there that 


suddenly flash out as important and useful 


insights. When I finished reading these 


volumes I felt they could well have been 
-glued together, with Schmidt-Nielsen first 
_ as a lucid introduction, followed by Calder 
with fascinating detail. Since this is not 


possible, I urge the unwary to read them in 


_ that sequence. The appropriateness of this 
_ isnotentirely without cause for one gathers 


from Calder’s preface that he is a student 
and a friend of Schmidt-Nielsen. 
Both books. begin. with the idea that an 
allometric formulation is.the most useful 
way to compare size-connected or size- 
“invariant properties. of different organ- 
isms. This method dates back at least 50 
-years, to the work of Julian Huxley who 
compared the growth rates of two develop- 
ing structures in such a way that they pro- 
_ duced straight lines when plotted logarith- 
‘mically. The slope of the line reflects the 
-change of proportions with absolute size 
increase. This same method can apply 
ually well to any measurement and its 
tion to body size, and is the way in 
Which these two authors most frequently 
_use their allometry. So, for instance, to give 







the celebrated example of M. Kleiber (and 
others), if metabolism is determined for 
different-sized organisms, then 
metabolism a weight? 

where, in this case, b= 34. By substituting 
other components for metabolism one can 
conveniently express how they change with 
weight. One could substitute heart rate, or 
gestation period, or speed of locomotion, 
or brain size, or clutch size, or life span, or 
population density or the size of the home 
range, for they all vary with the body size of 
the animal. 

The diverse properties which are 
described in this way can be roughly 
grouped into the following three cate- 
gories: physiological (or functional), 
developmental and ecological. Only Calder 
discusses the last two. On the importance 
of body size in physiology there is now a 
vast array of new data. For example, it is 
possible to show that even though different 
organs in the body of a mammal may differ 
in their metabolic rates, all together in the 
whole organism they maintain the weight 
to the 34 power relation, and this is re- 











flected in the relative amounts of cyto- 
chrome c in the animal, as well as thé cyto- 
chrome oxidase content, and even the 
relative number of mitochondria per cell 
for those tissues that have been examined. 
While this particular example is from 
Schmidt-Nielsen, Calder has many more 
where one can see complex relations 
between various structures, either in their 
relative size or the relative rates at which 
they function. í 


These allometric properties are often. 


interconnected so that one can be derived 
from another. This raises the big question: 
is there one principle that underlies the con- 
nections between body size and body pro- 
portions, i 
metabolism? One original and bold insight 
is that of T.A. McMahon in his well-known. 
paper (Science 179, 1201-1204; 1973) 


where he suggested that different-sized: 
organisms may keep their elastic properties’ 


similar; and once this is achieved one can; 
on theoretical grounds (too lengthy to des- 
cribe here), make predictions that accord 
well with the shapes of trees and bones, and 


the % rule for metabolism, and the allo- 
metric relations measured for quadruped: 
locomotion. This elastic similarity model is 


discussed by both authors and they also 
carefully present the empirical evidence 
that seems to be at variance with it. Time 
will tell to what extent the McMahon hypo- 
thesis prevails, but at the moment it is the 
most comprehensive, all-embracing 
explanation of this family of interconnect- 


ing allometric relations. One might assume ` 


that natural selection favours similarity of 


elastic properties to avoid buckling in. 


Body mass (kg) 





rates of locomotion and 





Some allometric generalizations, mostly for eutherian mammals. When plotted on log-log paper, 
the fractional exponential powers. of body mass appear as the slopes of the lines. For example, body 
surfaces of animals, like surface areas of geometric figures, are proportional to volume {or mass, 
assuming constant density) raised to the 34 power. On the log-log plot the 34 becomes the slope, that 


is, an increase of 10? in. surface when mass increases by a factor of 103. (Re-drawn from a figure in. 


Size, Function, and Life History (p.11), after several authors.) 
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conceivably be “the cause of various 
-functional and structural ‘size-related 
properties. But the question of which pro- 
“perties are affected by selection and which 
are the inevitable consequences of the 
“internal: engineering of an organism 
remains a difficult one. 

Two points stem from the above. One is 
Calder’s important caution that allometric 
“interrelations are statistical correlations 
and they therefore cannot tell us anything 
~vabout causes. The other is a point made by 
both authors: it may not always be the 
examples that come close to the allometric 
mean that are interesting, but the 
. exceptions. For instance, Scholander and 
© his colleagues showed that an arctic weasel 
has an exceptionally high metabolic rate, 
well above the norm for its size; and they 
suggested that because it is small, and has 
short legs, its fur could not be thick enough 
to keep it warm in winter. The weasel’s 
solution to the problem is to stoke its 
internal fires to a higher rate. Another 
: interesting case is the hearts of small shrews 
and hummingbirds which are larger than 
the expected mean. The suggestion is that 
were this not so their hearts would have to 
beat at a physically impossible rate in order 
to supply sufficient blood flow; they 
compensate by increasing their heart to a 
size that has a lower, but mechanically 
possible natural frequency. Both these 
examples show that selection can, no doubt 
within limits, alter one feature to the 
exclusion of the others. 

The use of allometry in ecology is a new 


Science digested 
Bryan Silcock 








Sci-Tech Report. 

Edited by Jon Turney. 

Pluto Press/ Pantheon: 1984. Pp. 386. 
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Ii THE social responsibility in science 
movement needs a handbook, here it is: a 
collection of 170 shortish articles intended 
to ‘‘assess the state of science and 
technology and locate sci-tech inventions 
within a wider social and political 
context”. The general approach might be 
described as left~radical-ecological. Thus 
nearly all of the contacts and organizations 
listed at the end of the book are pressure 
groups, most of them against something or 
other. 

Sci-Tech Report is not a book you can 
sit down and read. It is far too fragmented 
for that. But it contains an unusual 
selection of information that as far as I 
“know cannot be found elsewhere between 

one set of covers, 

The first third, dealing with new tech- 
nologies of political (in the widest sense of 
the word) significance — nuclear power, 
cable television, computers, genetic 











It has also been reviewed y 
his recent book (The Ecological Impli- 
cations of Size, published by Cambridge 
University Press in 1983) in a somewhat 
different way from Calder, although the 
two books overlap to some degree. What 
Calder does, which is especially useful, is to 
consider reproduction and development, 
as well as population properties such as 
animal density and home range size, for 
they are all interrelated. Often information 
about one of these subjects provides im- 
portant insights into others. This is shown 
particularly well in the very recent work of 
P.H. Harvey, R.D. Martin and others on 
brain size and its ecological implications, 
work that is in progress and therefore not 
reported in any of these books. But the new 
studies do prove that the subject is impor- 
tant and advancing in significant ways. 
Again, the interesting questions all relate 
to the matter of causation. Calder is quite 
right to stress that what have been shown 
are correlations, which cannot, in the long 
run, be satisfying. It is like the problem of 
smoking and cancer; what the correlation 
means is the paramount issue. We must 
find ways of understanding what are the 
causes of allometric relations, and what are 
the causes of specific examples of deviation 
from those relations. This is the real 
strategy for the future and these two books 
are admirable stepping stones along the 
way. J 





J. T. Bonner is a Professor of Biology at Prince- 
ton University. 
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engineering, bacteriological warfare — is 
fairly predictable. But we then move on to 
such things as accounts of science policy in 
the main industrialized countries and a few 
in the Third World as well; articles on 
aspects of the sociology of science such as 
the publishing of scientific papers, the 
ownership of intellectual property and 
fraud in science; theories of what drives the 
innovative process in different industries; 
and discussions of controversial issues, 
sociobiology and creationism for example, 
which help to form the public image of 
science. 

The contributions range from the mainly 
factual to the definitely political. Their 
style is mostly straightforward and simple, 
their quality uneven. But anyone with a 
critical interest in science as an activity and 
who sees it as more than a dispassionate 
search for knowledge should find them 
well worth dipping into. 

Sci-Tech Report originally appeared in 
France. For the English edition some mat- 
erial has been dropped and about 40 new 
articles added. This was deliberate. | 
assume that the dropping, in my copy at 
any rate, of pp. 291-306, and the dupli- 


p 


cation of pp. 307-322, was not. (m 





Bryan Silcock is science correspondent of the 
Sunday Times. 
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K.F. Bowden 
Ocean Tides: Mathematical Models and 
Numerical Experiments, 


By G.I. Marchuk and B.A. Kagan. 
Pergamon: 1984. Pp.292. £36, $65. 








IN THE past 25 years there has been a 
remarkable revival of interest in ocear 
tides. This has been due largely to the 
greatly improved methods of calculation, 
using modern computers, but also to ad- 
vances in measurement by deep-sea tide 
gauges and the developing use of satellite 
altimetry. Marchuk and Kagan are leading 
workers in the USSR on the theory and 
numerical modelling of tides. Their book is 
in part a monograph describing their own 
work and that of their colleagues, and in 
part a general account of the present state 
of knowledge. While this combinatior 
leads to some unevenness in the treatment, 
both aspects have something of value tc 
offer. 

The first chapter gives a clear account of 
the astronomical and other forces affecting 
the tides, the equations of tidal dynamics 
and general features of the methods used tc 
solve them. The next two chapters are more 
mathematical and are based on the work ol 
the authors and their colleagues on analyti- 
cal and numerical procedures. While these 
accounts are likely to appeal mainly tc 
practitioners in this specific field, the 
fourth chapter is of wider interest anc 
comprises a survey of our present know. 
ledge of the distribution of tides in the 
world ocean. Following a review ol 
empirical charts, it summarizes the 
computed co-tidal and co-range chart: 
produced in various countries and discus: 
ses a Russian version in some detail. It i: 
interesting to note that, in their preface tc 
the book, the authors express the view tha! 
the appearance of more advanced comput. 
ers will not result in better agreemen 
between computational and observationa 
data. They point to the need to pay furthe: 
attention to certain physical aspects of the 
problem. 

The last two chapters deal with topic: 
related to ocean tides but which are more 
specialized and again reflect Marchuk anc 
Kagan’s own research interests. In that or 
the benthic boundary layer, they give £ 
comprehensive review of the subject anc 
describe in particular a theoretical modelo! 
their own. The other is on the vertica 
structure of internal tidal waves which arc 
generated mainly, in the authors’ view, b) 
the flow of a stratified ocean over-an irreg 
ular sea bottom. It is estimated that, in thi 
deep oceans, the rate of transfer of energ: 
to internal tides is of the order of 100 time 
greater than the rate of dissipation b: 
bottom friction-and turbulence. E 





K.F. Bowden is Emeritus Professor o 
Oceanography at the University of Liverpool. 
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ARE there rules of community assembly 
and generalizations to be drawn about the 
factors determining community compo- 
“sition? Or does the group of species 
‘populations that occur together at a given 
location result simply from stochastic 
processes of colonization and extinction — 
a random throwing together of species 
«from the available pool? What, moreover, 
< are the relative roles of abiotic influences 
= and-of species interactions in determining 
community organization? These are the 
“sentral questions of community ecology. 
¿o During a period stretching from the 
-1940s to the 1970s, the conventional 
wisdom was that interspecific competition 
for resources dominates the evolution of 
co-existing species and the organization of 
communities. The chief proponents of this 
‘view — Lack, Hutchinson and MacArthur 
— considered that species interactions 
would often proceed according to simple 
» Malthusian expectations, with populations 
growing until limited by resources and 
species co-existing only if they exhibit some 
i ‘minimal differences in their resource 
‘requirements. The view that emerges in the 
present volume is that the Malthusian 
imperative (competitive exclusion of the 
less. efficient of species sharing resources) 
may often be thwarted because predation, 
disturbance or abiotic conditions prevent 
- the realization of a competitive equilib- 
rium. If competition is influential, com- 
munities are likely to be less diverse in 
species and, more important, the species 
can be expected to be more regularly strung 
“out along the resource dimensions of the 
niche (because of limits to similarity) than 
their randomly assembled counterparts. 
David Lack’s work on Darwin’s finches, 
published in 1947, can be used to illustrate 
several of the threads of the current debate. 
Lack’s aim was to. provide an explanation 
for the. evolutionary diversification of 
Geospiza finches. inthe Galapagos 
archipelago from a presumed single 
ancestral species. Believing that the islands 
were similar in their habitats, he was forced 
to invoke interspecific competition to 
account for patterns in morphological 
characteristics (bill sizes of co-existing 
species overlap hardly at all) and in species 
distribution (some species with similar bill 
sizes do not co-exist). Lack interpreted 
such regularities as the result of com- 
titive exclusion of similar species or 
evolutionary shifts generated by 






competition. 





Community questions 











“Lack’s arguments were persuasive. But 
while he explained his observations and 
brought them together into a coherent 
whole, he did not test his ideas. As Grant 
and Schluter point out in the present book, 
until recently most investigators used the 
concept of interspecific competition both 
as guidance in the search for patterns and 
as explanation for them, What they failed 
to do — and here they are strongly 
criticized by Simberloff, Connor and 
Strong, among others — was to test their 
evidence against alternative hypotheses. 
That, however, is much easier said than 
done. What is needed is a set of hypo- 
thetical communities, assembled in 
realistic ways but in which any effects of 





Fitting the bill — Darwin’s finches, male and 
female, about `% life-size. The illustration is 
taken from the facsimile edition of Darwin's 
Finches by David Lack, published last year by 
Cambridge University Press in their Science 
Classics series. 


competition are specifically excluded. The 
real community can then be compared 
against the ‘neutral models” (so-called) to 
determine, for example, whether the 
naturally co-existing species are. spaced 
more regularly along a food resource 
dimension of the niche than are their 
randomly assembled counterparts. In the 
case of Darwin’s finches, the neutral model 
approach of Grant and Schluter leads to 
the conclusion that the competition hypo- 
thesis is, in fact, the best available. 
However, claims made by other workers 
that real communities have been structured 
by competition have often been called 
seriously into question because the actual 
species assemblage does not differ signifi- 
cantly from a hypothetical group 
assembled at random from the available 
species pool. 

The construction of reasonable neutral 
models is not a straightforward procedure 
and this is cleverly demonstrated here by 
Colwell and Winkler. Using a computer 
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biota, the phylogetietic lineages of which 
Obey specified rules. Subsets of the ‘‘main- 
land biota” then colonize archipelagoes 
ccording to a program called 
“WALLACE, and competition may or may 
not be introduced as a structuring 
influence. Unlike field workers, Colwell 
‘and Winkler know whether or not their 
“communities are structured by competitive 
‘effects. The interesting and somewhat dis- 
comfiting conclusion is that many of the 

¿neutral model approaches used in studies 
of real communities often fail to distin- 
_guish any effect of competition even 
though competition had been included in 
heir program. There are several reasons 
for this difficulty in detecting ‘‘the ghost of 
¿competition past’’, the most important of 
them being that those species most vulner- 
able to competitive exclusion are already 
` likely to have been lost from the biota of 
the entire archipelago. The search for more 
appropriate neutral models is a major task 
for the future. 

‘Several of the authors in Ecological 
Communities, notably Brown and Bowers, 
emphasize that the identification of an 
_ apparent pattern and its subsequent 
comparison with appropriate neutral 
models should only be the first step. As a 
result of such analysis, a causal mechanism 
should be suggested and subjected to 
experimental testing. Certainly, 
experiments with real communities are 
difficult, but they have often helped to 
determine whether competition (discussed 
in detail by Brown and Bowers, among 
others), predation (Dayton), facilitation 
(Seifert) or stochastic processes (Sale) may 
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cw does achemistry student assess career 
opportunities in industry? Few members of 
niversity faculties have had enough 
industrial experience to be helpful, and 
friends who have recently gone to industry 
will have seen only a small part of the 
picture. 

“In his career counselling guide, W.S. 
“Emerson. déscribes what. the chemical 
industry does and how, the roles of 

hemists and chemical engineers in 
industrial research and development, and 
the career opportunities that may occur. 
Although it addresses primarily only the 
development, manufacture and marketing 











‘Another message that ‘emerges clearly 
from the book is that some communities 
are far from being saturated with species — 
this alone will limit the general importance 
of competitive interactions. Both Lawton, 
in his important work on the insect com- 
munities on bracken, and Price, who con- 
siders fish parasites, demonstrate the 
occurrence of ‘empty niches” in com- 
munities. 

Robert May, in the opening chapter, 
questions whether the various themes and 
approaches are leading us towards a 
resolution of the factors determining 
community structure. There is still a long 
way to go, but Ecological Communities 
must be considered to be a significant 
landmark on that road. A consensus is 
emerging (despite the rather vituperative 
exchanges, recorded here, between Gilpin 
and Diamond on the one hand and Connor 
and Simberloff on the other) and the book 
signals the general acceptance of the need 
to look critically at the nature of the 
evidence at our disposal and to give equal 
weight to the testing of all conceivable 
hypotheses, not just the one we happen to 
favour. At present, no one should claim 
too much. But we can look forward to a 
gradual emergence of understanding of the 
types of communities and environments in 
which particular species interactions are 
influential, and those in which such 
interactions are weak, intermittent or non- 
existent but where, instead, disturbance 
and stochastic processes predominate. CJ 





C.R. Townsend is a Lecturer in the School of 
Biological Sciences, University of East Anglia. 





of organic chemicals, the general principles 
concerned are applicable to any part of the 
chemical industry. And while the reader 
should be able to understand organic struc- 
tures in order to follow much of the dis- 
cussion, the style is easy to read and the few 
errors are not significant. 

The author begins with a tour through 
the principal types of products manu- 
factured in the organic chemical industry, 
with descriptions of their syntheses, and 
then moves sequentially through the 
research discovery, the identification of a 
potential new product or process, its 
development and commercialization. The 
types of industrial research — offensive 
and defensive — are described, 
emphasizing that research produces 
scientific knowledge, not products or 
processes. 

Students should learn that the 
development of a laboratory discovery is 
not just a matter of turning it over to some 
engineers who will simply scale up the 
procedure. In the 1930s, E.K. Bolton, 
director of Du Pont’s Central Research 
Department, decided that the nylon his 
organization would develop must be 66, 
which could be based on plentiful benzene, 
rather than 510, which needed castor oil as 








: g 
op ion of his technical experts that 66 was 


too intractable, and told them to find out 
how to make and spin it. They did — for- 
tunately for Du Pont, because IG 
Farbenindustrie was close behind with 6 
nylon, which could be miade from benzene. 
The Guide provides case-histories of 
several developments that were similarly 
influenced by the technical and economic 
decisions that must constantly be made asa 
project proceeds. 

Chapters on patents and on unit 
operations introduce students to subjects 
that are rarely covered in chemistry 
curricula. A section on management and 
marketing gives them glimpses of typical 
company organizations and of the 
activities of managers and marketing 
people, the latter very briefly. This section 
includes a chapter on reports, which is 
simply descriptive; one wishes that here the 
author had taken the opportunity to drive 
home to students the critical importance of 
good writing. 

The description of career opportunities 
runs the gamut, with one to two paragraphs 
on each. And finally, how to get a job. As 
Emerson points out, selling oneself is the 
secret to getting a job and to advancing in 
the organization. In all the author has done 
well in meeting his aims, and his Guide will 
be worth the time of any college chemistry 
student who wants to learn something 
about the chemical industry. 

The same cannot be said of Problem 
Solving in the Chemical Industry. After an 
extended review of the philosophy of 
problem solving (which includes no 
chemistry), eight case-histories of chemical 
problems are presented. The emphasis is on 
technique: definition of the problem, 
exploration of various approaches, dis- 
carding unpromising ones and arriving at a 
solution. 

However, some of the solutions only 
define further problems. The case-history 
on electrowinning of uranium covers in 
considerable detail seven years of the 
development of a pilot plant process that 
was then shelved for economic reasons, 
leaving one to wonder whether the problem 
to be solved had been adequately defined. 
The solution to the problem of disposing of 
dichromate-sulphuric acid cleaning 
solution is to me self-evident without 
considering the alternatives discussed. 
There are no exercises or problems for the 
student, and altogether it is rather hard to 
see who would benefit from reading this 
book. a 





Robert M. Joyce, now retired, was formerly a 
Research Director for E.1. du Pont de Nemours, 
Wilmington, Delaware. 
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@ The two volumes in the Scientific American 
Library reviewed in Nature on 15 November 
(Constructing the Universe and The Second 
Law) are in Britain generally available through 
bookshops. Publisher is W. H. Freeman, prices. 
are £15.95 and £16.50 respectively. 
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Chemistry 


Multiphoton Spectroscopy of Molecules. By S.H. 
OLIN er al. Academic: 1984. Pp.260. ISBN 
< 0-12-450520-1. $59. 

NMR of Newly Accessible Nuclei, Vol.2. Chemically 
cand: Bidchemically Important Elements. PIERRE 
_ LASZLO. (ed): Academic: 1984, Pp.436. ISBN 0-12- 

 ABTIONT. $68.0 

Nuclear Magnetic Resonance, Vol.13. G.A. WEBB 

(ed). Royal Society of Chemistry: 1984. Pp.368. ISBN 
0-85186-362-0, £68, $122. 

Organic Trace Analysis. By- K. BEYERMANN. 

Halsted: 1984. Pp.365. ISBN 0-470-20077-4. £35. 

Oxygen Radicals :in Chemistry and Biology, W. 
“BORS, M. SARAN and D; TAIT (eds). Watter de 
“Gruyter: 1984, Po. 1029, ISBN 311-009704-4.. DM 250. 
v, Physical and Mechanistic Organic: Chemistry, 2nd 

Edn. By R.A.Y. JONES, Cambridge University Press: 
1984, Pp.426. Hbk ISBN 0-521-22642-2; pbk ISBN 
05821-27886-4, Hbk £35, $69.50: pbk £14, $27.95, 

oo Physical Methods in Heterocyclic Chemistry. R.R. 
GUPTA, (ed.). Wiley: 1984. Pe.682, ISBN 0-471- 

9858-8. £153. $0. 
© Polyacetyfene: Chemistry, Physics, and Material 

we. By JAMES.C.W. CHIEN. Academic: 1984. 
SBN 0-12-172480-3. $89, £63. 
itiomeiry and: Potentiometric Titrations. By 
SERJEANT. Wiley: 1984. Pp.725. ISBN 0-471- 



















Small Bore Liquid Chromatography Columns: Their 
Properties and Uses, RAYMOND P.W. SCOTT (ed.). 
Wiley; 1984, Pp.271. ISBN 0-471-80052-X. £49. 60. 

Solid State Chemistry and tts Applications. By 
ANTHONY R. WEST, Wiley: 1984, Pp. 734. ISBN 
O-4871-90377-9, £37. 

Spectral Problems in Organic Chemistry. By R. 
DAVIS and C.H.J. WELLS. Blackie: 1984. Pp. 121. 
Pbk ISBN 0-412-00561-1, Pbk £5. 

Strategies and Tactics in Organic Synthesis. 
THOMAS LINDBERG (ed). Academic: 1984, 
Pp. 370, ISBN 0 12-450280-6, $57. 

Thermodynamic Properties of Nonetectrolyte 
Solutions. By WILLIAM E. ACREE. Academic: 1984, 
Pip, 308, ISBN 0-12-0430207, $68, 





Physics 


Mixed Crystals: Springer Series in Solid-State 
Sciences 33. By A.L. KITAIGORODSKY. Springer- 
Verlag: 1984. Pp.388. ISBN 3-540-10922-6/0-387- 
10922.6. DM 120, $43.70. 

Molecular Quantum Electrodynamics: An Introduc- 
tion to Radiation-Molecule Interactions. By D.P. 
CRAIG and T. THIRUNAMACHANDRAN, 
Academic: 1984, Pp. 324, ISBN 0-12-195080-8. £38. 50, 
$58. 

Multiphoton lonization of Atoms. S.L. CHIN and 
P. LAMBROPOULOS (eds)xx4eademic: 1984. Pp. 272. 
ISBN 0-12-172780-7. $89, 50, £42. 

Muons and Pions in Materials Research. J. 
CHAPPERT and R.I GRYNSZPAN (eds). North- 
Halland: 1984, Pp. 373. ISBN 0-444-86900-X, DJL. 128. 

Neutron Transmutation Doping of Semiconductor 
Materials. ROBERT D. LARRABEE (ed.). Plenum: 
1984. Pp.336. ISBN 0-306-41504-6. Np. 

Optical Radiation Measurements, Vol. 3. Measure- 
ment of Photoluminescence. KLAUS D. MIELENZ 
ted.) Academic; 1982. Pp.319. ISBN 0-12-304903-2. 
$49, 

Optical Radiation Measurements, Vol. 4, By W. 
BUDDE., Academic: 1983. Pp.336, ISBN 0-12-304904- 
0; $49. 50. 

Phenomenology of Unified Theories From Standard 
Model to Supersymmetry, H. GALIC, B. GUBERINA 
and D. TADIC (eds). World Scientific: 1984. Pp.358. 
ISBN 9971-966-12-3. Np, 

Spin Excitations in Nuclei. F. PETROVICH et al. 
(eds). Plenum: 1984, Pp. 658. ISBN 0-306-41617-4. Np. 





Computer Science 


The Art of Computer Conversation, By BRIAN R. 
GAINES and MILDRED L.G, SHAW. Prentice/Hall: 
1984, Pp.212, Pbk ISBN 0-13-047332-4. £6.95. 

Communicating with Databases in Natural 
Language. By MARK WALLACE, Halsted: 1984. 
Pp 170. ISBN 0-470-20105-3. £16.80. 

Introduction to Numerical Methods for Parallel 
Computers. By U, SCHENDEL. Wiley: 1984. Pp. 151. 
ISBN 0-470-20091-X, £15. 

Managing with Micros, Ind Edn. By COLIN 
LEWIS. Basil Blackwell: 1984. Pp.200. Pbk ISBN 
0-631-13642-8. Pbk £6.95. 

Recursion Via Pascal. Cambridge Computer Science 
Texts 19. By LS. ROHL. Cambridge University Press: 
1984. Pp. 191. Hbk ISBN 0-521-26329-8; pbk ISBN 
0-521-26934-2. Hbk £17.50, $34.50; pbk £7.50, $14.95. 





Technology 


The Design and Application of Process Analyzer 
Systems. By PAUL E. MIX. Wiley: 1984. Pp 3h. 
ISBN 0-471-865 18-4. £56.23. 

Emergent Process Methods for High-Technology 
Ceramics. Materials Science Research, Vol.17. 
ROBERT F. DAVIS, HAYNE PALMOUR IHN and 
RICHARD L. PORTER (eds). Plenum: 1984, Pp.842. 
ISBN 0-306-4 1677-8, $95. 

















A History of Technology. Vol. VIH Consolidated 
Indexes. By RICHARD RAPER. Oxford University: 
Press: 1984. Pp. 232. ISBN 0-19-822905-4. £25, 

The Operation of the Transmission Electron Micro- 
scope. Microscopy Handbooks 02, By DAWN 
CHESCOE and PETER J. GOODHEW. Oxford: 
University Press: 1984. Pp.5f. Pbk ISBN OF 
&356402-3, Pbk £2.95. : 

The Social and Economic Impact of New Technology 
1978-84: A Select Bibliography. By LESLE 
GRAYSON, Plenum: 1984. Pp.80.- ISBN 
0-306-65209-9. $85, 

Specimen Preparation for Transmission Eleciron 
Microscopy of Materials. Microscopy Handbooks 03; 
By PETER J. GOODHEW., Oxford University Pre: 
1984. Pp.4l. Pbk ISBN 0-19-856403-1. Pbk £2.95. 





Biological Sciences 


Celt Separation: Methods and Selected Applications, 
Vel.2. THOMAS G. PRETLOW If and THERESA P. 
PRETLOW (eds). Academic: 1983. Pp.327. ISBN 
G-12-564502-3, $39.50. 

A Clinical Companion to Biochemical Studies, 2nd 
Eda. By VICTOR SCHWARZ. W.H. Freeman: 1984. 
Pp, 162. Pbk ISBN 0-7167-1601-1. Pbk $14.95, 

Community Structure and the Niche. By PAUL. S; 
GILLER. Chapman & Hall: 1984, Pp.276: Pbk ISBN © 
0-412-25110-8; Pbk £3.95, : 

Hormonal Proteins and Peptides, Vol, 11. CHOH. 
HAO LI (ed.). Academic: 1983. Pp. 188. ISBN 0-12- 
447211-7, $42.00, 

Human Growth and Development. J. BORMS er al; 
Seek Plenum; 1984. Pp.836. ISBN CI 
$12, 

Limnofogy and Marine Biology in the Sadan. HJE; 
DUMONT, A.L EL MOGHRABY and L.A: 
DESOUGI (eds). Dr. W. Junk: 1984, Pp. 374. ISBN 
90-6193-772-8. DfL 225, $84, £57.25. ? 

Listeriosis Research: Present Situation an 
Perspective. By BELA RALOVICH. Akudemiai 
Kiado: 1984, Pp. 222. ISBN 963-05-3657-9, £14.75. y 

Lymphokines, Vol. 8. EDGAR PICK ted.) 
Academic: 1983. Pp. 452. ISBN 0-12-432008-2. $37, 

Lysosomes in Biology and Pathology, Vol. 7. J.T, 
DINGLE, R.T. DEAN and W. SLY (eds). Elsevier? 
1984. Pp. 512. ISBN 0-444-80523-0. $125.00, Df 
325,00. 

Marine Fishes. V.P. BYKOY (ed,), 4.4. Balkema: 
1984, Pp. 322. ISBN 90-6191-422-1, £11.50. 

Markers. of Colonic Cell Differentiation. SANDRA 
R. WOLMAN and ANTHONY J. MASTRO: 
MARINO (eds). Raven Press: 1984. Pp. 455, ISBN 
OBIV- G24 $72. : 

Mathematical Approach to Pattern and Form in 
Plant Growth, By ROGER V. JEAN, Wiley: 1984. Pp. ` 
222. ISBN 0-471-88357-3. £39.50, 

Matrices and Cell Differentiation. Progress in 
Clinical and Biological Research, Vol. 151. RICHARD 
B. KEMP and J. RICHARD HINCHLIFFE (eds). 
Alan: R. Liss: 1984. Pp. 504. ISBN 0-8451+5001-4, 
£52.00. 

The Meaning of Primate Signals. ROM HARRE and 
VERNON REYNOLDS (eds). Cambridge University - 
Press: 1984. Pp. 257. ISBN 0-521-25944-4, £25.00, 
$39.50, 

Memory and Awareness: An Information-Proces« 
sing Perspective. By ROBERTA L. KLATZKY. WH. 
Freeman: 1984, Pp. 176. Hbk ISBN 0-7167-1599-6,; pbk 
ISBN 07167-1600. Hbk $18.95; pbk $9.95. : 

Reverse Micelles: Biological and Technological 
Relevance of Amphiphilic Structures in Apolar Media. 
PLL, LUISI and B.E. STRAUB (eds). Plenum: 1984. 
Pp. 354. ISBN 0-306-41620-4, 855. 

Roche Institute of Molecular Biology Annual Report 
1983. Hoffman-LaRoche: 1984. Pp. 214. Np. 

Segmented Negative Strand Viruses: Arenavirases; 
Bunyaviruses, and Orthomyxoviruses. RICHARD W 
COMPANS and DAVID HL. BISHOP. (eds); 
Academic: 1984. Pp. 412, ISBN 0-12-183501-4, 349.00, 
£38000; 





























































Sleep, Benzodiazepines and Performance. 1. 
HINDMARCH, H. OTT and T. ROTH (eds). 
Springer-Verlag: 1984. Pp. 223. Hbk ISBN 3-540- 
291-0, Hbk DM 98.00, $35.70. 

< Sleep Mechanisms. Experimental Brain Research 
i Supplementum 8, A. BORBELY and J.L. VALATX 
oo teds), Springer-Verlag: 1984. Pp. 314. ISBN 3-540- 
ETR I6-97/0-387-13 146-9, DM 88, $32.90, 

©. Snakes: Biology, Behaviour and Relationship to 
‘Man. By WOLF-EBERHARD ENGELMANN and 
FRITZ JORGEN OBST. Croom Helm: 1984. Pp. 221. 
“ISBN 0-7099-1427-X. £13.95. 

. Soil Biology and Conservation of the Biosphere, Vols 
Vand 2. J. SZEGI (ed.). Akadémiai Kiadó, Budapest: 
“4984, Vol. 1 pp. 460; Vol. 2 pp. 902. Vol. 1 ISBN 963- 
OS-3862-8: Vol. 2 ISBN 963-05-3863-6. £48. 

Stroke and the Extracranial Vessels. ROBERT R. 
SMITH (ed.). Raven Press: 1984, Pp. 389 ISBN 0- 
89004-894-0, $99, 

<  Synergetics: From Microscopic to Macroscopic 
Order. E. FREHLAND (ed.). Springer-Verlag: 1984. 
Pp. 146. ISBN 3-540-13131-0/0-387-13131-0, 331.70. 





: Applied Biological Sciences 


Adriamycin: Its Expanding Role in Cancer 
Treatment. MAKOTO OGAWA, FRANCO M. MUG- 
“GIA and MARCEL ROZENCWEIG (eds). Elsevier: 
A984. Pp. 508. ISBN 4-900392-22-7. $142, Dfl. 370. 
Advanced Concepts in Alcoholism, Advances in the 
Biosciences, Vol. 47. H. G. TITTMAR. Pergamon: 
“4984. Pp. 189. ISBN 0-08-030777-9. £22.00. 

iv Advances in Clinical Chemistry, Vol. 23. A. L. 
'OLATNER and MORTON K. SCHWARTZ (eds). 
 Acddemic: 1983, Pp. 350. ISBN 0-12-010323-0. $38. $0. 
: Advances in Cyclic Nucleotide and Protein Phos- 
i phorylation Research, Vol. 17. PAUL GREENGARD 
et al. (eds). Raven: 1984. Pp. 722, ISBN 0-89004- 
349-3, $118. 

Advances in Inflammation Research, Vol. 8. 
GERALD WEISSMANN (ed.). Raven: 1984. Pp, 263. 
ISBN 0-88167-O11-1. $61.50. 

Advances in Tuberculosis Research, Vol. 21. 
Serology of Tuberculosis and BCG Vaccination. W. 
FOX (ed.). Karger: 1984. Pp. 251. ISBN 3-8055-3855-3. 
DM 198, $99. 

Analytical Profiles of Drug Substances, Vol. 12. 
KLAUS FLOREY (ed.). Academic: 1983. Pp. 735. 
ISBN 0-12-260812-7. $47.00. 

Neuronal and Extranearonal Events in Autonomic 

Pharmacology. WILLIAM W. FLEMING et al. (eds). 
Raven: 1984. Pp. 280. ISBN 0-88167-001-4, $61. 

New Developments in Diagnostic Virology. P.A. 
BACHMANN (ed.). Springer-Verlag: 1983. Pp. 330. 
ISBN 3-$40-12171-4/0-387-12171-4, DM 146, $60.30. 

New Drugs Annual, Cardiovascular Drugs, Vol.2. 
ALEXANDER SCRIABINE (ed). Raven: 1984. 
Pp.238. ISBN 0-89004-931-9, 349. 

Nutrients and Energy. World Review of Nutrition 
and Dietetics, Vol. 42. G.H. BOURNE (ed.}, Karger: 
1983. Pp. 228. ISBN 3-8055-3710-7, SwFr. 198, DM 
237, $118.75. 

Obstetrical Epidemiology. S.L. BARRON and A.M. 
THOMSON (eds). Academic: 1983. Pp. 458. ISBN 
0-12-079620-1, £27.50, $59.95. 
elopmental Markers: Biologic, Diagnostic 
and Monitoring Aspects. W.H. FISHMAN (ed). 
Academic: 1983. Pp. 432. ISBN 0-12-257701-9, $64, 50. 
Polynuclear Aromatic Hydrocarbons: Third 
Symposium- on Chemistry and Biology — 
Carcinogenesis and Mutagenesis, PETER W. JONES 
and PHILIP LEBER (eds). Butterworth: 1983. Pp. 
© 892, ISBN 0:250-40317-X., £75. 
Porphytins in Tumor Phototherapy. A. 
ANDREONI and R. CUBEDDU (eds). Plenum: 1984. 
Pp. 466, ISBN 0-306-41630-1, Np. 

Rats and Mice: Their Bi and Control. By A.P, 
MEEHAN. Rentokil Ltd, Felcourt, East Grinstead, W: 
Sussex. RHI9 2JY, UK: 1984. Pp.383. ISBN 
0906564-05-0. Np. 

Recent Advances in Alcohol and Drug Problems. 
Vol 8. R.C, SMART et al. (eds). Plenum: 1984. Pp. 
333. ISBN 0-306-41551-8. Np. 











Recent Advances in Drug Delivery Systems, JAMES 
M. ANDERSON and SUNG WAN KIM (eds). 
Plenum: 1984, Pp.393. ISBN 0-306-41627-1. 853. 

Topics in Enzyme and Fermentation Biotechnology, 
Vols 8, 9, ALAN WISEMAN (ed.). Wiley: 1984, Pp, 
179, 217. ISBN 0-470-20058-8/0-470-2003 1-6, £21. 

Tracers in Metabolic Research Radioisotope and 
Stable Isotepe/Mass Spectrometry Methods. 
Laboratory and Research Methods in Biology and 
Medicine, Vol. 9, By ROBERT R. WOLFE. Alan R, 
Liss: 1984. Pp. 300. ISBN 0-8451-1658-4. £43. 





Environmental Sciences 


Aerosols: An Industrial and Environmental Science. 
By GEORGE M, HIDY. Academic: 1984. Pp. 774. 
ISBN 0-12-347280-1. $89, £69. 

Biogeography and Ecology of the Seychelles Islands. 
By D.R. STODDART. Dr, W. Junk: 1984. Pp.672. 
ISBN 90-6193-107-X, Dft 300, $115, £76.50. 

Herbicides in War: The Long-Term Ecological and 
Haman Consequences. ARTHUR H. WESTING (ed.). 
Taylor & Francis: 1984. Pp.210, ISBN 9-85066-265-6, 
£15, $33. 

Environmental Impacts of Smelters, JEROME O. 
NRIAGU (ed.). Wiley: 1984. Pp.608, ISBN 0-471- 
88043-4. Np, 

Environmental Stress. G.W. EVANS (ed.). 
Cambridge University Press: 1984, Pp,386. ISBN 
0-521-31859-9, £9,958. 

Environmental Systems: An Introductory Text. By 
LD. WHITE, D.N. MOTTERSHEAD and S.J. 
HARRISON. George Allen & Unwin: 1984. Pp.495. 
Hbk ISBN 0-045-51064-4; pbk ISBN 0-045-51065-2. 
Hbk £30, $50; pbk £11.95, $19.95, 

Open Tubular Column Gas Chromatography in 
Environmental Sciences, By FRANCIS L ONUSKA 
and FRANCIS W, KARASEK, Plenum: 1984, Pp.281. 
ISBN 0-306-41589-5. Np. 





Psychology 


Antlanxiety Agents. Drugs in Psychiatry Vol. 2. 
GRAHAM D. BURROWS, TREVOR R. NORMAN 
and BRIAN DAVIES. (eds). Elsevier: 1984. Pp. 236. 
ISBN 0-444-80555-9. £7.95. 

Constitutional Psychophysiology: Research in 
Review. By MICHAEL MYRTEK. Academic: 1984. 
Pp. 289. ISBN 0-12-512480-5. $39.50. 

Handbook of Psychiatry 4. The Neuroses and 
Personality Disorders. G.F.M. RUSSELL and L.A. 
HERSOV (eds). Cambridge University Press: 1984. Pp, 
500. ISBN 0-521-24221-5, Hbk £40, $69.50; pbk £17.50, 
$29.95. 





Sociology 


Cities of the Mind: Images and Themes of the City in the 
Social Sciences, L. RODWIN and R.M. HOLLISTER 
(eds). Plenum: 1984. ISBN 0-306-41426-0, $35. 

Elderly People and the Environment. Human 
Behaviour and Environment: Advances in Theory and 
Research, Vol. 7. IRWIN ALTMAN, M. POWELL 
LAWTON and JOACHIM F. WOHLWILL (eds). 
Plenum: 1984. Pp. 343. ISBN 0-306-41429-5. $39, 50. 





General 


Adhesive Joints. Formation, Characteristics, and 
Testing. K.L. MITTAL (ed.). Plenum: 1984. Pp. 931. 
ISBN 0-306-41633-6. Np. 

The Apocalyptics. Cancer and the Big Lie: How 
Environmental Politics Control What We Know sbout 
Cancer, By EDITH EFRON. Simon & Schuster: 1984. 
Pp. 589. ISBN 0-671-41743-6. $19.95, 

Atomic Bomb Survivor Data: Utilization and 
Analysis. Proceedings of a SIMS Conference. By ROSS 
L. PRENTICE and DONOVAN J. THOMPSON 
(eds). Plenum: 1984. Pp. 289. Pbk ISBN 0-89871-194-0, 
Np. 

Boussingault: Chemist and Agriculturist, By F.W.J. 
McCOSH. Reidel: 1984. Pp. 286. ISBN 90-2771682-X. 
Np. 








Chaos and. Statistical Methods Y. KURAMOT 
(ed.). Springer-Verlag: 1984. Pp. 473. ISBN 3-54 
13156/0-387-13 156-6. $31.70. 

Collins Guide to the Countryside. By JOH 
WILKINSON, ALASTAIR. FITTER and RICHAR 
FITTER. Collins: 1984, Pp. 239. ISBN 0-00-219082. 
£11, 95. 

Dream Babies. By CHRISTINA HARDYMENT 
Oxford University Press: 1984, Pp. 334. Phk ISB) 
0-19-286048-8, Pbk £4.95, 

The Eating Sickness: Anorexia, Bulimia and th 
Myth of Suicide by Slimming. By HLL WELBOURN. 
and JOAN PURGOLD. Harvester Press: 1984. Py 
163. Hbk ISBN 0-7108-0878-4; pbk ISBN 0-719) 
0951-4. Hbk £15.95; pbk £5.95. 

The Egyptians. By CYRIL ALDRED. Thames an 
Hudson: 1984, Pp. 216. ISBN 0-500-02104-X. £12.50 

The Embers and the Stars: A Philosophical inquir 
into the Moral Sense of Nature. By ERAZIM KOHAK 
University of Chicago Press: 1984. Pp, 269. ISB! 
0-226-45022-6. £14.85. 

Energy, Environment and Development in Africa | 
Energy and Development in Kenya: Opportunities an 
Constraints. PHIL O'KEEFE, PAUL RASKIN am 
STEVE BERNOW (eds). Beijer Institute: 1984, Pr 
190. ISBN 91-7106-225-4. SEK 75.00. 

Energy Use: The Human Dimension. PAUL C 
STERN and ELLIOT ATONSON (eds). W.H. Free 
man: 1984. Pp, 237. Hbk ISBN 0-7167-1620-8; pbi 
ISBN 0-7167-1621-6. Hbk $28,958; pbk $15.93. 

Engineering Limnology. By B. HENDERSON 
SELLERS. Pitman; 1984. Pp. 356. ISBN 0-273 
O8S39-8. £37. 50. 

The Epilepsies: A Critical Review. By ROBERT B 
AIRD, RICHARD L. MASLAND and DIXON M 
WOODBURY. Raven: 1984. Pp. 320. ISBN 0-89004 
424-4, $61.50. 

Human Sexuality, By JAMES GEER, JULI 
HEIMAN and HAROLD LEITENBERG. Prentice 
Hail: 1984. Pp. 567. ISBN 0-13-4475 16-X, £27.75. 

The Mustrated Natural History of Selborne. B 
GILBERT WHITE. Macmillan, London: 1984. Pp 
256. Pbk ISBN 0-333-35386-2. Pbk £8.95. 

Information Analysis of Vegetation Data, T:V! 
Tasks for Vegetation Science Series. By E. FEOLI, M 
LAGONEGRO and L. ORLOCI, Dr, W. Junk: 1984 
Pp. 153. ISBN'90-6193-950-X, Dfl. 100, $38.00, £25, 50 

Introduction to the Theory of Thin-Watler 
Structures. By N.W. MURRARY. Clarendon Press 
1984, Pp. 447, ISBN 0-19-85615 1-2. Np. 

An Introduction to Urban Geography. By JOHN R 
SHORT, Routledge & Kegan Paul: 1984. Pp. 259. Hbi 
ISBN 0-7102-0372-1; pbk ISBN 0-7100-9892-8, Hbi 
£16.95; pbk £8.95. 

Journeys into Britain, By ROBIN PAGE. Oxfore 
University Press: 1984, Pp. 272. Pbk ISBN 0-19 
281488-5. Pbk £2.95. 

Language, Thought, and other Biological Cate 
gories: New Foundations for Realism, By RUTE 
GARRETT MILLIKAN. MIT Press: 1984. Pp. 355 
ISBN 0-262-13193-1, £26.95. 

Laser Program Annual Report 82. CHARLES D 
HENDRICKS (ed.). National Technical Informatio: 
Service: 1984, Pp. 444. $35.50. 

Multivariate Statistical Methods in Physica 
Anthropology. G.N. VAN VARK and W.W 
HOWELLS (eds). Reidel: 1984. Pp. 433. ISBA 
90-277-1734-6, $61. 

Prospero Drill. By CARL A. POSEY. Robert Hale: 
1984, Pp. 192. ISBN 0-7090- 1546-1. £7.95, 

RSPB Nature Reserves, NICHOLAS HAMMONE 
{ed.}. Croom Helm: 1984. Pp.189. ISBA 
0-903 138-11-5. £9.95, d 

Shooting and the Countryside. By HUNTER 
ADAIR. Oriel Press: 1984. Pp.15}. Hbk ISBN 
0-85362-214-0; pbk ISBN 0-85362-215-9. Hbk £6.95, 
pbk £4.95. 

Theory and Measurement. By HENRY E. KYBURC 
Jr. Cambridge University Press: 1984. Pp.273. ISBN 
0-321-24878-7. £22.50. 

Women in Midlife. GRACE BARUCH anc 
JEANNE BROOKS-GUNN (eds). Plenum: 1984 
Pp.404. ISBN 6-306-41444-9. Np. 

World Armaments: and Disarmament. SIPR 
Yearbook 1984. STOCKHOLM INTERNATIONAL 
PEACE RESEARCH INSTITUTE. Taylor & Francis, 
1984. Pp. 700. ISBN 0-85066-263-X, Np. 






conventional mass culture. 


© Magnetic Microspheres from Molecular 
Biosystems, Inc. are l-6um diameter 
spheres of denatured albumin and 
magnetite coated with protein A. After 
incubation with an antibody the spheres 
are used to selectively remove cells or other 
antigenic species from solution. The 
Microspheres can be used for either 
positive or negative selection. 

Circle No. 100.on Reader Service Card. 

¿© Current References Using the ABC 
Immunoperoxidase. Procedure-2, is the 
second in a- series of. reference lists 
compiled by Vector Laboratories. The 120 
recent publications cited in this latest list 
include staining of paraffin and frozen 
sections, cytocentrifuge preparations, 
solid-phase enzyme immunoassays, nitro- 
cellulose blots, and pre- and post- 
embedding electron microscopy using 
monoclonal antibodies and lectins. A key 
covering a range of specific applications is 
also included. 

Circle No. 101 on Reader Service Card. 

® Genzyme Corporation of Boston, 
Massachusetts has completed a licence 
agreement with Dartmouth College (signed 
‘on 27 September) to produce and sell 
monoclonal antibodies to interleukin-2 
from a cell line developed by Dartmouth. 
The monoclonal anti-interleukin-2 joins 
Genzyme’s already extensive line of 
research biologicals which includes inter- 
leukin-1, interleukin-2, recombinant 
interleukin-2, interleukin-3, GM-colony 
stimulating factor and collagen 2. 
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® A panel of five new monoclonal anti- 
bodies against hepatitis B surface antigen is 
now available from Sera-Lab of Crawley 
Down, Sussex. These monoclonal anti- 
bodies, MAS 103, MAS 104, MAS 105, 
MAS 106 and MAS 107, have proved 
useful in a sandwich solid-phase radio- 
immunoassay for HBsAg. In particular, 
the use of MAS 105 as both capture and 
tracer antibody results in a very sensitive 
assay system. 
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@ A new brochure, entitled Immuno- 
chemicals and Related Products, will be 
available from Boehringer Mannheim Bio- 
chemicals in January 1985. Product areas 
to be included in the brochure are: mono- 
clonal antibodies; protein A products; 
affinity isolated antibodies; reagents for 
enzyme immunoassay; immunohisto- 
chemistry reagents; and cell culture 
products, The brochure also includes 
details on various immunology techniques. 
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Application of monoclonal antibodies 


This week’s product review concentrates on monoclonal antibodies, their production and their 
applications. New products include a novel gel entrapment technique as an alternative to 


@ The Swiss company Robapharm AG of 
Basle has launched a range of rare mono- 
clonal antibodies against human tissue 
antigens with special emphasis on cells of 
the reticuloendothelial system. Currently 
available are antibodies which distinguish 
vascular endothelial cells of different 
organs (such as lung versus liver), subtypes 
of tissue macrophages (resident versus in- 
flammatory) and which are specific for 
smooth muscle cells. The antibodies repre- 
sent new tools for research on the vascular 
endothelium and on mononuclear phago- 
cytes and may be useful in the diagnosis of 
endothelial cell tumours, pathological 
changes of the vessel wall (atherosclerosis) 
and various cell infiltrates. 
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è The Immunex Corporation of Seattle 
has entered into a licence agreement with 
Becton Dickinson & Company for the sale 
of research and diagnostic products based 
on a monoclonal antibody developed by 
Immunex scientists. Becton Dickinson 
introduced the first products based on the 
antibody in late September. The agreement 
covers an antibody that quantifies the 
number of activated T-cells — antibody to 
interleukin-2 receptor. Three products are 
available based on the antibody, a purified 
form and two fluorescent conjugates. 
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® The UK company, Tissue Culture Ser- 
vices Limited has signed an agreement with 
Ventrex Laboratories, Inc. of Portland, 
Maine, giving TCS manufacturing and dis- 
tribution rights to HL-1, a serum-free cell 
culture media product, in either liquid or 
powder form, for the culture of hybri- 
domas and certain other cell types. Use of 
HL-1 with a completely defined composi- 
tion and extremely low protein content 
(less than 50ug uml’) facilitates the in vitro 
scale-up of monoclonal antibody produc- 
tion, and simplifies or eliminates purifi- 
cation steps. 
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© Myxothiazol, a potent inhibitor of the 
mitochondrial respiratory chain, is now 
available from Boehringer Mannheim Bio- 
chemicals. This highly toxic antibiotic is 
isolated from the gliding bacterium, Myxo- 
coccus fulvus. Myxothiazol is similar to 
antimycin A, in that both inhibitors bind to 
cytochrome b. However, current evidence 
suggests that myxothiazol binds to the (by) 
haem centre, while antimycin A binds to 
the other form (bx). Acting together, these 
inhibitors will completely block electron 
transfer to cytochrome b.: 
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The 1-mm diameter beads of the Geltrap system 
for monoclonal production. 
@ The new Geltrap system from Karyon 
Technology, Inc. makes possible the large- 
scale production of monoclonal antibodies 
and other: mammalian and plant cell pro- 
ducts. The gel entrapment process.offers a 
simple, flexible and cost-effective altei 
native to mouse or conventional mass cul- 
ture techniques. Other applications of the 
Geltrap system include production of hor- 
mones and alkaloids, enzyme and bacterial 
immobilization, and sustained releas 
















therapy. 
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ADVERTISEMENT — 


H you want it tomorrow . 
call us today 


01-455 9823 


COMPUTER CALCULATORS PLOTTERS 


HP VIC (21C Mem Sci slimline) £63.00 
HP 15C (Adv Sci c/ mem) 67 storage reg. £84.00 
HP4 ICV (Aiphanurneric sci. computer} pas % 
HP4 1C Card reader £129.95 
HP41C Printer {82 143A) 252.00 
HP41CX.& HP71 Printer (82162A} £295.00 - 
HP 16C (Hex Converter) £94.00 
HP71 (New Computer} £410.00 
HP4 1CX (New version of CV) with ext/ 
functions/ timer} £210. 
Complete range of HP. accessories in stock 


HP BUDGET PACKS 
HP4 1CV together with card reader and 
printer 82143A. All complete to 
manufacturers spec, £520.00: | 


Pixy Plotter (3 pen A48 colours) ee 00 
HP:7470A (A42 Pen Plotter} £799.00 
HP 74751 A36 Pen Plotter) £1399,00 
{A3 Pen Plotter) 
SHARP (Graphics Printer’ Caic{4 colour! £137.96 
SHARP. 1500A Pkt. Comp.8K Mem £147.50 
CE 158 RS232 and Centl/f . 
CE 150 printercass If 
CE 152 Cassette 
CE 188 BK (Add on mem with own bat.) 
PC 1251. Wallet size Computer} 
PC 1401 (Packet Computer] sci. cat, 
CE 125(Printer’ Tap Rec. for above 
CE 126 (Cassette; Printer) for above. . £59.95 
Epson HX20-BriefcaseComputer £375.00 
Epson PXB (Portable computer) £775.00 
Epson LO 1500 (New 200 CPS printer) £885.00 
Casio PB 700 (H/Held Computer. exp to 
16K) £127.00 
Casio PB300 (Computer 2K with buit- 
in printer} £89.95 
Casio FX 802P {222 Mems built-in 
printer £79.95 
GOODS FULLY GUARANTEED 
PRICES EXCLUDE VAT AND P&P 
Company, hospital and Government orders 
accepted by phone 
Barclaycard’ Access/ Visa accepted by phone. 


EXPORT ORDERS WELCOMED 
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SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 

Singer Micromanipulators enable anyone to 
make exact movements without tremor or lost 
motion, in three dimensions, using a single 
control handle under low or high power 
magnification. 
A varied range available. All simple to operate. 
SINGER INSTRUMENT CO. LTD., 
Treborough Somerset. 
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Lodge, Roadwater, 
Tel: Washford (0984) 40226/325 


SINGER 
MICROMANIPULATER 
MK Ill 
Patented 


f è y ae 
Perfect control in 3 Dimensions from a 
single joystick. Continuous variable 
reductions to suit all magnifications. No 
after sales maintenance needed. 


Details from: 

Singer Instrument Co. Ltd., 
Treborough Lodge Roadwater, 
Watchet Somerset TA23 0QL 
England. Tel. (0984) 40226 Telex: 
337492 Comcab G. 
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FM TELEMETRY 
TRANSMITTER 
Smallest & Lightest Available (.5 Grams) 


Transmits ECG. EEG. Pressure 
Temperature. Digital Data. Audio, Etc! 





Price—$44y 
gie 


a". Write for Fact Sheet 


BIOTELEMETRICS, INC 
24650 CENTER RIDGE ROAD #135 


WESTLAKE. OHIO 44145 e (216)835-5770 
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Liposomes 


A new _ laboratory 


instrument 
(LIPOPREP®-GD-1) is available for the 
reproducible preparation of extremely 






homogeneous, unilamellar liposomes of 
controllable size. The instrument permits the 
simultaneous use of five different lipid 
mixtures and provides extensive versatility 
Applications range from membrane 
reconstitution, remodelling of cellular 
functions, liposome drug delivery systems, 
microanalysis of drugs and metabolites, to 
antibody targeting, clinical diagnostic 
assays, and genetic engineering 

For details write to 

DIANORM.Gerate, P.O. Box 126, D-8 
München 65, FRG. 
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@ An HPLC system designed to isolate 
monoclonal antibodies from ascitic fluids 
and cell culture supernatants has been 
introduced by the Waters Chromatog- 
raphy Division of Millipore Corporation. 
The HPLC system uses high-performance 
anion exchange chromatography to sepa- 
rate the monoclonal antibody from the 
primary constituents of ascites and cell 
culture supernatants — albumin, trans- 
ferrin and host immunoglobins. After 
sample preparation using microfiltration 
(for ascites) or ultrafiltration (for tissue 
culture), the separation is typically 
performed in less than 30 minutes. To 
monitor the performance of the isolation 
procedure, the same HPLC system can be 
used to assay the homogeneity of fractions 
by gel filtration. The system can be easily 
upgraded for automated sample injection. 
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@ Miles Scientific now offers four mono- 
clonal antibodies to human IgG heavy- 
chain determinants. These undiluted anti- 
sera offer maximum flexibility for those 
laboratories that want to further purify the 
antibody for conjugation to enzyme, fluor- 
esence or radioisotope labels for immobili- 
zation on a solid-phase support. The pro- 
ducts are characterized in sensitive EIA 
assays and show broad reactivity to a large 
group of purified normal and myeloma 
IgGs of all four subclasses. 
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® Sanbio b.v. of the Netherlands, 
working in cooperation with the University 
of Leiden and other Dutch institutes, has 
produced a large range of monoclonal anti- 
bodies for indirect immunoperoxidase 
staining in tissues and ELISA techniques. 
The range includes anti-human keratin, 
neurofilament, hCG, FSH, and glia 
fibrillary acidic protein. Anti-human 
desmin, vimentin, thyroglobulin and blood 
vessel endothelium are also available. 
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® A newly available monoclonal antibody 
radioimmunoassay kit for human gamma 
interferon provides a convenient and reli- 
able assay method. The first product to be 
launched by IMRX Corporation, a joint 
venture of Centocor, Inc. and FMC Cor- 
poration, the IMRX Interferon-Gamma 
RIA is a two-step “*sandwich”’ solid-phase 
radioimmunoassay. 
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Monoclonal antibodies can be isolated within 30 minutes on this HPLC system from Waters. 












® Serotec Ltd is a specialist supplier of 
monoclonal antibodies and polyclonal 
antisera and has just introduced a series of 
150 new products. The new range includes: 
sheep antisera to human, rat and mouse 
immunoglobulins conjugated to glucose 
oxidase which reacts to give a deep blue 
stain in immunohistology and in ELISA, 
and beta-galactosidase, including second 
antibodies; monoclonal antibodies against 
human proteins, such as T-helper lympho- 
cytes, T-suppressor lymphocytes, 
sub/cytotoxic T cells and B lymphocytes; 
and monoclonal antibodies against rat 
proteins such as MHC I antigens and MHC 
II antigens (la). 
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® The Nottingham-based company 
Hybritech Europe offers a range of iso- 
topic and non-isotopic kits for the 
measurement of human beta chorionic 
gonadotropin (hCG) in urine or serum. 
Tandem-R hCG utilizes two distinct 
monoclonal antibodies in a solid-phase 
immunoradiometric assay. Tandem-E 
hCG is a non-isotopic solid-phase 
immunoenzymetric assay for hCG using 
two distinct monoclonal antibodies. 
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®@ Monoclonal antibodies against 4-azido- 
2-nitrophenyl (NAP) hapten have been 
introduced by Sera-Lab. These antibodies, 
MAS 089 and MA 090, are of value in the 
study of immunoregulation. NAP hapten 
is a photactivabale label and can be 
attached covalently to the antigen binding 
sites of these antibodies. 
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® Becton Dickinson Immunocytometry 
Systems has announced what is claimed to 
be the first comprehensive research panel 
for lymphoma subtyping. The panel con- 
sists Of six well characterized monoclonal 
antibodies plus accessory reagents for 
immunoperoxidase staining of frozen 
tissue sections. The monoclonal reagents 
include: anti-leukocyte (a pan-leukocyte 
marker), multi-clone anti-T cell, anti- 
LEU-14 (B cells), anti-lgM, anti-kappa 
and anti-lambda. 
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These notes are based on information provided 
by the manufacturers, For further details circle 
the appropriate numbers on the Reader Service 
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Students on the poverty line 


The British government will this week be forced to back down from last month’s proposals for 
modifying students’ grants. It should take the chance to reform the system. 


Sir Keith Joseph’s attempt last month to provide a modicum of 
help for the British academic research enterprise seems to have 
blown up in his face. The plan (see Nature 15 November, p.185) 
was to add £14 million to the income of the British research 
councils, and to give the University Grants Committee an extra 
£10 million to spend on equipment, financing the operation 
“within the government’s ceiling on public spending by reducing 
“the value of the maintenance grants paid to university students. 
“ What Sir Keith seems to have overlooked, and what his Cabinet 
“colleagues failed to spot when they approved his part of last 
month’s package of public spending plans, is that the uniquely 
British system of university maintenance grants has become part 
of the British way of life, and part of the middle-class way of life in 
particular. By last weekend, the government was in serious 
trouble. Nearly half of its back-bench supporters in the House of 
Commons had declared themselves against the new 
arrangements, much to the satisfaction of the government’s 
formal opponents. Most British newspapers have denounced the 
-changes planned in language which is a rich blend of invective and 
humbug. But even the president of the Royal Society, speaking at 
the society’s annual dinner last Friday with Sir Keith Joseph 
. sitting as his guest a few feet away, offered the opinion that while 
“the extra £24 million for research would be welcome, he regretted 
that it had to be won at the expense of student grants. Students are 
_ no doubt surprised to find how many friends they have. 

Joseph, the Secretary of State for Education and Science, will 
be less surprised by these demonstrations that he has so few 
friends. He has had a long run of unpopularity (first at what was 
then the Department of Industry) going back to 1979, at least in 
part on the dubious ground that he inclines to abstract argument, 
being a kind of theoretician among politicians. It would never- 
theless be a shame if, during this hullaballoo about student grants, 

-itis forgotten that, in two consecutive British budget years, he has 
done his best to win more resources for the support of research, 
last. year by the simple device of asking for more (and being 
refused), this year by shifting funds from one line to another 
‘within his own department’s budget. Latterly, the minister has 
also been shaping up to tackle the obvious problems of British 
secondary education (specialization and the persistence of 
sloppiness) in ways from which his predecessors have mostly 
shrunk. Against the odds of a few years ago, it would be a 
misfortune. if the government seeks to solve its immediate 
difficulty (how to back down without seeming to do so) by 
executing the traditional penalty for the bearers of bad tidings, for 
example by sending Sir Keith Joseph off to the House of Lords. 


Restrictions 


What the fuss this week should be about is not, in any case, the 
particular amendment of the students’ maintenance scheme put 
forward by the minister but the scheme itself, which is a 
monument to the optimistic 1960s, when the expansion of British 
“ohigher education was set in train. The principle is that young 
ople should not be deterred from seeking higher education by 
e cost of doing so, for which reason local authorities are 
-required by law to pay the tuition fees of British students at 
niversities, polytechnics and other higher education establish- 
also. to provide them with a grant to cover the cost of 








is ya rangesf from £205 a year to neatly ee 


ten times as much, depending on parental income. One of the : 


consequences of this arrangement (which allows local authorities 


to reclaim the cost of grants from central government) was the 
imposition in 1981 of iniquitous and uneconomic quotas. 
restricting student numbers at universities. The changes now 
proposed are adjustments to the way in which student grants are 
calculated from parental income which will have the effect of- 


giving less to students with parents whose income exceeds £13,000 


a year (after certain deductions). The new proposals do, however, a 


break new ground in that they will require the offspring off well- 
of parents (with combined incomes above £20,000 a year) to 


© gontribute towards tuition fees (up toa maximum of £520 a year). 
The new scales will apply to all students in higher education at the ; 


beginning of the next academic year, those already embarked on 
academic careers included. 


Hardship 


This ramshackle system will be made only marginally more 
inequitable by the changes now proposed. So long as “mandat- 
ory” grants remain, British governments will feel compelled to 
hold opinions about the numbers of students higher education 
establishments should be teaching (which, strictly speaking, is 
none of their business). At the same time, the numbers of students 
suffering financial hardship will be increased as greater numbers 
of parents decline to make the financial contribution that:the 
system implies is needed. And the proportions of young people 


. from poor homes seeking higher education of any kind is likely” 
further to decline, which is ridiculous at a time when everybody _ 
| (the government included) agrees that too small a proportion of 


young people in Britain are acquiring a modern skill. The remedy 
for all these evils will be found not by tinkering with the present 


system but by redesigning it. This is how the government ‘should 


set about that task. 


First, to put out the immediate fires, the distasteful’ 
retrospective element in the new proposals should be dropped; 
students part way through a course should be allowed to complete ` 


it under the rules understood when they began. But the 
government should also recognize that the sums of money it is: 


assuming middle-class families in impoverished Britain will find 


to put their sons and daughters through higher education will for 


many be substantial fractions of an annual income. - 
Unfortunately, after a long. flirtation with the idea, the: 
government has now set its face against proposals for loan’. 


schemes to help finance higher education; it should now 
reconsider that decision. It should go further, and acknowledge 
that one of the reasons for this week’s middle-class revolt is that 
many people have suddenly woken. up to what they should have 


known all along, that contrary to the appearance suggested by the. 


mandatory grants scheme, British higher education is not (and 
has not been for a long time) free. What needs now to be done is to 
hammer out an equitable basis for meeting the costs. 


The first need is for a decision on tuition fees. Should British 
students pay, or be excused? The way in which this question is- 


answered is vital for the health of the university system as well as 
for the welfare of students, for fee income is potentially one of the. 


ways in which British universities can hope not to be entirely. 


dependent financially on the government. But what passes for: 
“tuition fee’’ at present is an entirely notional sum of mone 






































































E but by the government (which. repeatedly adjusts itup 
when it wishes tọ augment universities’ sense of freedom and 
down, as in 1981, when it wishes to cramp them in). What would 
now best suit the universities is an understanding that they should 
‘be free to charge what tuition fees they choose, and that they 
should keep what they collect. Ideally, the fees asked of students 
should be related to the marginal cost of education (and not to the 
average, which must be substantially greater), but if the years 
ahead may see some universities hard pressed to find students, 
they may need the freedom to charge what the market will bear. 
The question of whether governments should, in principle, pay 
the cost of maintaining students in higher education is more com- 
plicated, and goes back to the report of the Robbins committee 
which, in 1963, launched the expansion of the British university 
system with the doctrine that access should be open to all school- 
leavers who are qualified to take advantage of it. Especially 
because so many of the new British universities are sited miles 
““away from their catchment areas, the assumption has grown up 
“that students will ordinarily travel to some distant place if they 
enter higher education, and successive governments have found 
themselves embroiled in tedious arguments with the National 
Union of Students over the proper level of the ‘‘travel grant” by 
which the ordinary maintenance grant is supplemented. One 
“consequence, from which the British university system as a whole 
has suffered, is the erosion of the regional connections of 
universities such as the red-brick creations of the nineteenth 
century. It would not be a serious setback for the British system if 
“the principle were now followed that student maintenance should 
“not bea public charge. To protect universities that are vulnerable 
because of their geographical isolation, there would no doubt 
“have to be a transitional arrangement of some kind. 
Outside Britain, it is bound to seem strange that the provision 
of grants to students is a serious issue. Almost everywhere, 
students are constrained in their choice of higher education 
‘establishments by the costs not merely of tuition but of main- 
taining themselves independently. Can Britain, with its perpetual 
“money troubles, afford to be different? 
One practical consequence of such a move towards economic 
realism would be serious hardship among students, many of 
whom already live in too much squalor, perhaps waiting for 
-parental contributions that do not materialize. Moreover, British 
students are less able than those elsewhere to earn money to help 
with their costs, partly because of the economic climate but also 
because of trade union restrictions, while most universities have 
no significant endowment funds with which to help able people in 
trouble. That is why British policy on students can be transformed 
to what it should be only by equipping universities financially to 
be able to do their duty to their students. 
The problem of students from poor homes is different, serious 
but soluble. Entry to British higher education is still skewed 
“against the children of the less well off, with the consequence that 
too little is made of the national pool of talent. The needs of these 
potential students are theoretically catered for by the present 
system of maintenance grants but, as the figures show, the 
v outcome is inadequate. The simple remedy is to replace the 
‘present system by one of scholarships awarded to able school- 
leavers and others which, at their most generous, would cover not 
merely the bare cost of maintenance but some part of the 
opportunity cost of higher education (the wages forgone), but 
which would be tenable anywhere, not simply at the institution 
that happens to offer a student a place. Beyond the resoloution of 
that problem there are other conundrums to be tackled. Slowly, in 
the past few years, British governments and universities have 
awakened to the need and opportunity for using existing 
educational plant for training persons of mature years, many of 
them already-in jobs. But there are at present only disincentives 
(tuition fees out of taxed income, for example) to its efficient use. 
That is.also a problem that needs solving. If the trouble Sir Keith 
Joseph has brought down on his government’s head should have 
the effect of spurring a search for better ways of enlarging partici- 
pation in higher education, it may yet be worthwhile. E 


ich is, to what should be everybody's surprise, ‘fixed not by.) 








Japan’s new strategy for research is morea recipe 


for continued success than for creativity. 


JAPAN’s obsession with creativity is a curious phenomenon, 
Merely moderately successful nations are usually distinguished by 
their complacency. Japan, by contrast, after three decades of 
spectacular economic success, seems perpetually down in the 
dumps, with its conviction that Japanese technology is in reality 
derivative, and that its gigantic technical effort lacks creative 
flair. Is it possible that Japan’s competitors in the West, beaten 
onto the ropes though they may be the technical achievements of 
Japanese industry, have been able to ensure that Japan does not 
fully enjoy its success by suggesting that there is something 
missing? 

The point has been endlessly discussed in Japan in the past five 
years, but will not be settled with the publication this week (see 
facing page) of the blueprint for future research drawn up by the 
Council for Science and Technology in Tokyo. There is a grain of 
truth in the common Japanese assumption that many of the 
products with which Japan has swept the world are derived from 
machines already built elsewhere. But so what? From ships to 
video-recorders, Japanese technologists have been able to design 
and manufacture high-quality products more cheaply than 
others, and at the same time make sure that they function reliably. 
If the ingenuity is not creative, many technologists elsewhere will 
be wondering what is meant by creativity. 

The more substantial sense in which Japan is technically 
uncreative is in the contribution of the university system to basic 
science, but the reasons are now familiar. First, the rigidity of the 
academic institutions, and the parsimony with which they are 
supported, drives energetic academics into applied science and 
into partnerships with industry. Second, students march 
predominantly into the academic engineering departments. 
Righting this imbalance would require long-due changes in the 
academic structure, which the science and technology council has 
plainly considered outside its terms of reference. Indeed, the list 
of objectives accompanying this week’s strategic plan is not so 
much a recipe for creativity as a shopping list for tomorrow’s high 
technology that could be found in most other places in the West. 
To be sure, Japan may succeed where others fail, but that is a very 
different matter. = 


Damming the water 


Are the British and French governments losing 


an opportunity? 

Wuat follows is not a joke. For at least two hundred years, but at 
different times, the English and the French have been suggesting 
proposals for a permanent link across the 21 miles of water that 
separate them. Most schemes have turned on the construction ofa 
tunnel, In the 1960s, bridges briefly became fashionable. Now, 
the favoured way of spanning the Channel is to build a composite 
structure, part bridge and part tunnel. To judge from the Anglo- 
French meeting in Paris last week, the remaining obstacles to a 
permanent link are merely legal and financial. 

Nobody, however, has seriously considered what must be the 
most obvious way of spanning this narrow and shallow stretch of 
water, the building of a permanent dam across the Channel. The 
advantages are obvious (see Nature 219, 991; 1968). It would be 
possible to generate endless electricity, the Dutch would no longer 
have to worry about their dykes and it would be possible to walk 
across, as at the glacial maximum 18,000 years ago. The dis- 
advantages are few, the most obvious of them being the distur- 
bance caused to shipping, most of which could just as well go 
round the north of Scotland. The cost of such a project has never 
been determined, but could well turn out.to be surprisingly small. 
Although megaprojects are now out of fashion, should not the 
British and French governments look seriously at this ideal before . 
committing themselves toa clumsier alternative? Ge 














Strategy for next decade 
aims at more creativity 


Tokyo 

THE Japanese government last week un- 
veiled a major new report mapping out its 
fundamental policies for the promotion of 
science and technology over the next ten 
years. Stress is now being laid on the en- 
‘couragement of creativity in science — ap- 
parently in response to Western criticism 
= and, along with it, greater international 
exchange and cooperation and the devel- 
opment of science in “harmony with 
human society”. 

The report, entitled Tackling changing 
conditions; Comprehensive and funda- 
mental policies for long-term promotion of 
science and technology, is the work of the 
Council for Science and Technology, the 
“highest policy-making body in the nation, 
whose chairman is the Prime Minister. 
Some 150 experts drawn from the universi- 
ties, government research laboratories and 
private industry helped to draw it up, to- 
gether with the heads of the science-based 
ministries and the Science Council of 
Japan, the academic representative body, 
who have permanent seats on the council. 

In its 24-year history, the council has 
produced only 11 reports, Each has tried to 
seta policy framework and to define key re- 

‘search areas so that the ministries con- 
cerned with science can implement detailed 
policy in accord with the government’s 
overall aim. 

To carry out the policies suggested by the 
new report, increased expenditure will be 
required — and increased expenditure 
certainly seems to be what Japan has been 
getting. The report reveals that Japan’s re- 
search and development expenditure, most 
of it provided by private industry, will 
reach 3 per cent of national income this fis- 
cal year (over 2.8 per cent of gross national 
product) after four years of growth at a re- 


markable 0.2 per cent of national income’ 


per year. Only West Germany among the 
industrialized nations can claim to be 
spending a greater percentage of its 
national income on research, but the lead 
should pass to Japan within 2-3 years. 

In calling for increased creativity, the re- 
port accepts the view that “up to now 
Japan has taken in foreign science and 
technology, improved and developed it ina 
highly efficient response to social and eco- 
nomic needs to establish-its present de- 
veloped (industrial) state... But now the 
callis for measures to smooth the way for 
Japan to become one of the top nations in 
‘basic research. Several trends are seen as 
making this urgent: the so-called ‘‘soft re- 
tion” —-the accelerating pace of the 
ormation sciences, of which computer 
‘software development is one part, where 
Japan has not yet madea name for itself; 


























the ever closer links between basic and 
applied research required to make possible 
further ‘‘miniaturization’’ in electronics 
and sophisticated control of structure and 
function in materials; and the increasing 
influence science and technology are 
having on human life styles. 

To increase creativity, better links are 
called for between university and industry 
— noticeably absent so far in Japan. No 
concrete measures are suggested, however, 
and it is difficult to see how the present 
trends towards increasing reliance on pri- 
vate sector research will be changed. Calls 
are made for more efforts to train research- 
ers in biotechnology and advanced elec- 
tronics in view of an expected shortfall that 
could limit basic research activities. 

‘*Internationalization’’ is also called for 
~~ the first time a council report has clearly 
done so. Foreign participation in govern- 
ment research projects and foreign use of 
government facilities are possibilities men- 
tioned, What the report does not mention, 
however, is that the current trend is to- 
wards increasing competition in basic re- 
search programmes (such as the fifth gene- 
ration computer project) and attempts to 
launch cooperative projects at the various 
summits have not met with success: some 
revolutionary steps will be needed to bring 
about international cooperation on any 
significant scale. 

In contrast with the generalities of much 












































of the report, which will require interpre 
tation by the ministries concerned, key ré 
search themes where Japan must now make 
major basic research efforts are more 
clearly mapped out. These include research 
on new materials, electronics and informa- 
tion sciences, life sciences and earth 
sciences (see below). Many of the areas of 
materials sciences mentioned have already 
become the focus of long-term projects 
sponsored by the Science and Technology™. 
Agency and the Ministry of International’: 
Trade and Industry (see Nature 305, 373; 
1983). Added here are calls for increased 
basic work on reaction theory and mechan 
isms to make possible the prediction of ma- 
terials with new properties — welcome 
news to many university research groups.: 
In electronics and information sciences, 
areas likely to be commercialized in the: 
near future are avoided. Stress is laid on 
fundamental projects such as production: 
of the components necessary for optical 
circuits and eventually an optical com- . 
puter, and steps towards a new science of 
“bioelectronics’’. Several electronics com: | 
panies have already moved into this futu: 
ristic field, setting up groups to research, in: 
particular, Langmuir~Blodgett films. 
Life science themes to be promoted 
include, unsurprisingly, all the funda- 
mental technologies that will some day. 
have applications in biotechnology. In the 
earth sciences, remote sensing and the. 
building of new satellites and data net» 
works lie at the heart of themes aimed to: 
make better predictions of the natura 
disasters — earthquakes, typhoons and 
floods — to which Japan is prone, andto 
enable natural resources, including source: 
of geothermal heat, to be detected more: 
easily. Alun Anderson 





Japan’s strategic objectives 


AMONG the basic research themes defined 
the report are: 

Materials science 

Materials produced under extreme con- 
ditions such as ultrahigh pressure, temper- 
ature and magnetic fields-strength; arti- 
ficial lattice and amorphous structures; 
surface properties and new ways of analys- 
ing them; interaction of materials with 
X-ray, heavy and light ion beams; develop- 
ment of free-electron, excimer and chemi- 
cal lasers; materials with mixed atomic and 
molecular bonding with new properties 
(organic superconductors); materials 
design by studies of unstable reaction inter- 
mediates and bonding properties, 
including development of associated 
computer stimulation and database facili- 
ties; control of form and purity as in ultra- 
fine particles, highly ordered structures 
and films; composite materials and mole- 
cular hybrids; materials mimicking natural 
materials, such as artificial bone; new 
analysis and evaluation techniques. 
Information sciences 

New devices, concentrating on Josephson | 


























junctions, image processing and intelligen: 
sensor devices; optical electronics; bio~ 
electronics and biocomputing; knowledge 
management; fifth-generation computing: 
and its connections with mathematics, | 
symbol manipulation and psychology. l 
Life sciences j 
Gene regulation extended to cell regu- 
lation; extraction, analysis and synthesis of 
DNA; design, modification and synthesis 
of functional proteins; chromosome engin- ` 
eering, including modification and auto- 
matic mapping; cell and organelle modifi- 
cation; altering components of cells and 
tissues and development of the whole 
organism, 
Earth sciences . 
Atmosphere-sea interaction, unusual 
weather conditions and typhoon gener- - 
ation, requiring new observation satellites 
and Earth-based networks; mantle dy- ` 
namics, earthquakes and volcanic activity; 
new satellite-borne sensors and laser 
ranging equipment, new data networks and 
new Earth resource satellites. 
Alun Anderson 







































































AFTER the bitter battles over British con- 
tributions to the European Community 
‘budget and almost every other kind of 
: acrimony between France and Britain, the 
British Prime Minister, Mrs Margaret 
“Thatcher, and the French President, M. 
Francois Mitterrand, last week made up 
their differences at a meeting in Paris at 
which agreements on technology and 
research played an unusually prominent 
role. 

M. Mitterrand was the cooler of the two. 
He spoke on Friday of ‘‘an excellent spirit 
“of cooperation”, Mrs Thatcher, more ful- 
some, spoke of ‘‘a completely new atmos- 
“phere... it is just a totally different 
bilateral from any we have had 
before... more constructive, more 
cooperative”. With the budget issue out of 
he way, she wanted to suggest, real 
Franco-British cooperation can begin. 
Technology came up as the list of major 
“projects on which Britain and France have 
- either agreed in the past 12 months or hope 
‘soon to agree. The highlight was the 
Channel Tunnel, or “fixed Channel link” 
-asit is called in France to include the possi- 
bilities of both tunnel and bridge. 
~The two governments, no doubt aware 

‘that the tunnel was first suggested in 1751, 
emphasized the ‘‘urgency’’ of the studies 
now under way that will identify the 
political structures under which the ‘‘link”’ 
“ean go ahead. Both sides have agreed that 
ithe link must be paid for by private funds, 
but potential backers have asked for 
guarantees that construction will not be 
‘halted for political reasons. 

The tunnel apart, the Franco-British 
ummit raised the following issues: 

@ Esprit, the European cooperative 
research programme on information tech- 
nology, which is felt greatly to have 
mproved bilateral links between French 
and British companies. 

@ Fast reactor development, where 
outline agreements among European 
utilities, research organizations and fuel- 
cycle companies were reached this year 
following a political umbrella agreement in 
‘January. (But details of exactly who does 
what and where have still to be agreed.) 

@ The Versailles summit programme, 
‘under which ‘‘quite fruitful’ Franco- 
British work is going on in biotechnology 
and food technology. 
@ A Chinese pressurized water reactor for 
Guangdong, under development jointly by 
Framatome of France and General Electric 
-Company of Britain. ‘We hope, both of 

usto get substantial orders for that power 
station’, said Mrs Thatcher last Friday. 
@ Direct broadcast satellite (DBS) trans- 
mission standards, where bilateral dis- 
cussions are well advanced to avoid the 
dual standards (PAL and SECAM) that 
have plagued the European domestic tele- 
vision market. 











Technology dominates summit 


@ The European A320 Airbus, on which 
Britain is to collaborate more fully than on 
the earlier A300 and A310 versions, it is 
claimed in Paris. 
è A military helicopter engine (RTM 322) 
under joint development between Rolls- 
Royce and Turbomeca, a third-generation 
antitank weapon (with Germany) and a 
multi-launch rocket system (also with 
Germany). 

Telecommunications and space projects 
were also mentioned, although progress in 





pe i ! 
market to the French (and vice versa) ha: 
not gone as fast as the French would have 
liked, and space agreements must wait for- 
the European space summit in Rome next 
January. 

The meeting also postponed until next. 
year a Franco~British “association” for- 
discussing the exchange of results between 
universities and industry (see Nature 1 
November, p.4) which will be debated at a 
bilateral meeting in February. Meanwhile, 
soundings are taking place to determine 
exactly what each side would like to get out 
of such an institution, and how it would 
work in practice. Robert Walgate 





Polish science budget 


Paper generosity decreed 


Warsaw 
POLAND’S science budget, at present one of 
the lowest in Europe in relation to national 
income, is to be substantially increased. 
Last week, the academic secretary of the 
Polish Academy of Sciences, Dr Zdzislaw 
Kaczmarek, told the presidium of the aca- 
demy that next year the government would 
increase the academy’s ‘‘science’’ budget 
by 26 per cent, and that financial support 
for the academy would be further strength- 
ened by an allocation of 1,000 million zloty 
from the central technical economic fund. 
This, said Dr Kaczmarek, would allow 
more money to be allotted to research. 
Wages within the academy network, more- 
over, would be increased, on the average, 
to 10 per cent above the national mean, 
rising to 30 per cent above the national 
mean in the next three years. 

Dr Kaczmarek’s announcement has 
been received with a mixture of relief and 


scepticism. Poland at present spends only 
2.5 per cent of the national income on 
science (including the university and indus- 
trial research sectors), and any increase is 
clearly welcome. Many scientists, however, 
feel considerable doubt as to whether the 
wage rises can be as substantial as 
promised. One researcher said that her own 
monthly salary, 7,000 zloty, is not only far. 
below the national average of 17,000 zloty,.. 
but well. below the salary of those doing 
similar work in the universities. 

There is also some scepticism about the 
new “Committee for Matters of Science _ 
and Technical Progress”, which is intend- 
ed to have responsibility for research areas 
of science of particular importance for the 
national economy. Many of the older gen- 
eration of scientists see it as a return to a 
similar body of the 1960s, when the ac-: 
ademy’s powers were considerably less 
than at present. Vera Rich 





No cancer cure 


Washington 

A BATTLE is in prospect between the Food 
and Drug Administration (FDA) and the 
National Cancer Institute (NCI) over 
whether the government should throw the 
book at the Kellogg cereal company for its 
advertising campaign that promotes All- 
Bran cereal as a cancer preventive. 

Kellogg’s television and print advertise- 
ments ranning since the beginning of 
October state that “the National Cancer 
Institute [NCI] believes a high fiber, low fat 
diet may reduce your risk of some kinds of 
cancer”, and then proceed to extol the 
virtues of All-Bran’s high-fibre content. 
The print advertisements also tell readers 
how they can obtain additional cancer pre- 
vention information from NCI. 

NCI officials, who have made diet 
modification a key component of their 
plans to cut cancer mortality by half by the 
year 2000, appear to support Kellogg’s 
efforts; they particularly seem to like an 
offer by Kellogg to turn over to NCI the 
backs of their cereal boxes for additional 





cancer-prevention messages. In a report to 
Health and. Human Services Secretary 
Margaret Heckler, Assistant Secretary for 
Health Edward Brandt noted that “this 
effort by the Kellogg Company will infuse 
millions of dollars of private sector funds 
into the promotion of cancer prevention’. 
But FDA meanwhile has been looking 
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into the possibility that the Kellogg ad- 
vertisements violate federal law. While 
avoiding direct comment on the Kellogg 
case, Mark Novitch, deputy.commissioner 
of food and drugs, recently told a food 
industry meeting in Washington that 
“current FDA cules prohibit any labelling 
fon foods] that makes health claims”. 
Stephen Budiansky: 





en-Boyer patent 


Licensees ponder weaknesses 


Washington 

IN the aftermath of the long-awaited grant 
of the Cohen-Boyer patent in September, it 
is becoming increasingly clear that serious 
questions about the patent’s validity re- 
main unresolved. The opening of the com- 
plete file has in fact brought to light new 
questions, and Stanford University may 
now be reluctant to enforce its patent in the 
céurts for fear of opening these issues to 
new scrutiny, possibly leading to judicial 
invalidation of the patent. 

The September patent, which covers re- 
combinant DNA molecules used in the 
cloning process developed by Stanley 
Cohen and Herbert Boyer , was issued to 
Stanford University and the University of 
California after a prolonged negotiation 
withthe Patent.Office. Stanford, which 
had initially: waived its. right to secrecy 
during this process, abruptly: reversed 
course in November 1982 after the Patent 
Office tentatively rejected the claim and 
began asking uncomfortable questions. 

It now turns out that shortly after asking 
that the file be closed to public scrutiny, 
Stanford’s attorney, Bert Rowland, was 
told by the Patent Office that the case 
would be turned over to its fraud exam- 
iners; the examiners in spring 1984 con- 
cluded that Rowland and the applicants 
had committed a “‘clear violation of their 
duty'to disclose to the Office information 
they are aware of which is material to the 
examination of the application’. Because 
these violations were found to be the result 
of something less than bad faith or ‘‘gross 
negligence’, however, they did not affect 
the ultimate issue of the patent. 

The violations concern a scientific paper 
published by Cohen in 1977 that contra- 
dicts the earlier patent application descrip- 
tion of how to make the key cloning vector 
pSC101, a plasmid. The Patent Office 
learned of the article only in June 1982, just 
as it was preparing to approve the patent; 
and the source of the information was press 
accounts of a critical article by Albert 
Halluin, now a patent attorney for Cetus 
Corporation. In the autumn of 1982, 
Rowland admitted to the Patent Office 

that he had known about the 1977 article 
‘when it had appeared, but-had ‘‘no recol- 
lection” of why he failed to bring it to the 
Patent Office’s attention. The fraud exam- 
iners’ investigation further revealed that 
Rowland had written to Stanford’s patent 
administrator in 1977 suggesting. that the 
Cohen article might render the -patent’s 
description of how to make pSC101 “‘non- 
enabling” and asking whether they should 
revise the application accordingly. 
Another apparent inconsistency is that 
in response to questions from the fraud 
aminers, Cohen early this year stated to 
‘the Patent. Office that he had not 
appreciated: the significance of the 1977 
article with respect to the patent “‘until the 

















significance was explained to me at the time 
of my preparation of my declaration of 
April 20, 1983’’. In August 1982, however, 
Cohen denied reports in Nature (see 298, 
595; 1982) and elsewhere that the 1977 
paper admitted an error in the patent des- 
cription. Rowland’s declaration in autumn 
1982 admitted to the Patent Office that 
pSC101 ‘‘could not be prepared in accord- 
ance with the working example’’ in the 
patent. 

The real question for Stanford now is 
how many companies will continue to pay 
the $10,000-a-year licence fee for the 
patent, due next February. Sixty-six com- 
panies are currently enrolled. The weak- 
ness of the patent is clearly weighing on the 
licensees’ minds. An appellate court 
decision within the past month has con- 





Dangerous pathogens 





Illegal US bug trade halted 


Washington 

Two Canadians were arrested by Federal 
Bureau of Investigation (FBI) agents in 
Buffalo, New York State, last week as they 
attempted to collect botulinum and tetanus 
cultures that they had ordered under an 
assumed name from the American Type 
Culture Collection (ATCC). Neither of the 
two is a scientist, a fact that has fuelled 
speculations of a possible extortion scheme 
or terrorist plot. 

The incident has also served to highlight 
the virtual absence of regulations gover- 
ning the sale and acquisition of highly in- 
fectious or toxic agents. Federal regu- 
lations restrict only the importation or 
transfer of foreign microorganisms; indig- 
enous microorganisms can in principle be 
sold freely to anyone. The two Canadians 
in fact obtained a tetanus culture from 
ATCC in September without incident. 

It was only after they placed a second 
order that ATCC officials apparently 
became suspicious and approached FBI. 
The bureau found that the name and ad- 
dress used by the men were fictitious, and 
asked ATCC to process the order, substi- 
tuting inert samples for live cultures. The 
Canadians were presumably going to carry 
the material across the border themselves, 
avoiding the customs problems of a direct 
shipment to Canada. When they attempted 
to pick up their order, FBI agents were 
waiting for them. 

The only crime the two men have been 
charged with is wire fraud, for having used 
a false name in placing the order over the 
telephone. According to the FBI office in 
Buffalo, the men did not attempt to pass 
themselves off as scientists, although they 
did tell ATCC that they wanted the mater- 
ial for unspecified ‘research’. FBI has 
identified the men asa Bell Canada emp- 
loyee and an Ontario Industrial Develop- 












































































siderably toughened the definitio 
fraud, and if this standard had been ap-- 
plied to the Cohen-Boyer patent, it would: 
probably not have been issued. The new 
tough standard would be applied by the 
courts now in any legal challenge to the 
patent’s validity. 

It is thought very unlikely that any com- 
pany will go to the expense of mounting 
such a challenge. But Stanford itself would 
be opening the door if it goes to court to en- 
force the patent in an infringement action, 
It is thus likely that some companies. may. 
choose simply to ignore the patent, in ef- 
fect daring Stanford to respond. 

And even on the face of the paten 
claims, Stanford’s position is not so. stron 
as it would like it to be. The patent is limited 
to prokaryotes. And the admitted flaws in: 
the pSC101 description remain in the ear 
lier patent covering the cloning process, 
thereby raising doubts about that patent’ 
validity. Stephen Budiansky 


ment Corporation employee. No motive: 
has been established. 
ATCC is the major germ-plasm refer- 
ence bank and supplies culture materials to 
researchers at or below cost; according to.’ 
Pierre Daggett, acting director of ATCC, 
an internal safeguard system screens out 
people who are not qualified researchers 
and ensures that they do not receive infe 
tious material. ATCC distributes: 60,000: 
cultures per year. The regulations 
governing foreign microorganisms, which 
are administered by the US Department.of 
Agriculture and the Public Health Service, 
require researchers to obtain a permit. 
Both tetani and botulinum owe their 
lethality to toxins that they produce while 
growing under anaerobic conditions. Tet- 
anus toxin is not normally harmful when 
ingested; botulin is a potent toxin when’ 
ingested or inhaled. 
Toxin experts said last week that a` 
botulinum culture of the type supplied by 
ATCC would probably be a mixture of 
spores and live cells, and possibly a small 
amount of toxin. Anyone with a basic 
knowledge of microbiological techniques; 
however, would have little difficulty in 
growing larger cultures and producing 
considerable quantities of toxin. On the. 
other hand, any microbiologist would also ~ 
have little difficulty in isolating botulinum 
or tetani from the environment. 
Dr Michael Gill of Tufts University 
discounted the possibility that botulin 
could be used as a terrorist weapon: ‘‘The 
old scenario of putting it into a reservoir is 
not going to work”. The bacteria would- 
not grow in oxygenated water. But: 
speculation is now centring on a possible. 
extortion scheme, in which commercial «. 
products would be contaminated, or 
perhaps merely the claim made that this 
had been done. Stephen Budiansky: 













































































K research cot neil 


“THE science and medical research councils 
-care the chief beneficiaries of the extra £14 
million the British government has made 
available for the coming financial year. 
The allocation of the extra funds was to be 
disclosed in the annual ‘‘forward look” of 
the Advisory Board for the Research 
Councils (ABRC), whose publication has 
been brought forward to help the Secretary 
of State for Education and Science to de- 
fend himself against his critics in the House 
_-of Commons who are complaining at the 
way the extra science money has been quar- 
ried from the budget for students’ mainten- 
ance grants. 
The ABRC document has something of 
the character of a ritual dance. To begin 
with, it records its own estimate of the 
funds that would be needed to take ad- 
¿vantage of new opportunities for research 
that have been presented in the past year, 
¿reckoning that these would cost an extra 
£35.5 million in 1985-86. On the other 
hand, ABRC says elsewhere in the same 
document, the extra £14 million for next 
year (which is £16 million if account is 
taken of the way in which the government 
compensates the research councils for pay 
settlements) “will allow many important 
research projects” to continue that would 
otherwise have been allowed to lapse. 
Much of the extra money for the coming 
financial year will be spent on what is called 
` “restructuring”, a euphemism for per- 
“guading researchers to retire early when the 
‘institutes at which they work are closed. 
ABRC had asked for £9 million in 1984-85, 
., but the government has allowed £6 million 
» {reducing to £5 million and £3 million in the 
- two succeeding years). 
Under the allocation scheme proposed 
by ABRC and accepted by the government, 
the medical and science research councils 
will benefit chiefly because they would 
otherwise have been ‘‘taxed” so as to free 
funds for other research councils having to 
close establishments. In reality, the Science 
“and Engineering Research Council (SERC) 
will do best out of the new deal; its budget is 
“due to increase from £279 million this year 
“to £299.1 million (at 1984 prices) next year 
and to £306 million and £311 million in 
“each of the two succeeding years. The 
Medical Research Council’s budget will 
increase by £6 million between this year and 
next.and then bya further £5 million in the 
two succeeding years. The budget of the 
_ Agricultural and Food Research Council is 
due to decline gently from next year, as 
‘forecast in previous forward looks. 
Among the innovations of the new 
British science budget is a device whereby 
ABRC will keep up its sleeve (in the year 
beginning in April 1986) a contingency 
reserve, initially £6 million but doubling in 
the following year. At the same time, the 
cost of providing a secretariat for ABRC 
and of carrying out a few rudimentary 














Cake-cutting done 


science policy studies will cease to be 
laundered through the budget of the Econ- 
omic and Social Research Council, but will 
be identified separately. 

The overall effect of the new proposals 
will on balance be neutral. Sir David Phil- 
lips, chairman of ABRC, says in the doc- 
uments to be published this week that the 
extra money ‘‘will restore level funding”. 
By the same test, the new arrangements will 
not make it possible to do much that is new. 
Nor will they help SERC and the British 
government to decide whether or not to 
pull out of CERN, the next big row in the 
research councils’ calendar. i 


EPA moves 


Washington 
PRESIDENT Reagan has named Lee M. 
Thomas to succeed William D. Ruckels- 
haus as administrator of the US Environ- 
mental Protection Agency (EPA). 
Ruckelshaus, whose resignation takes 
effect on 5 January, has earned widespread 
praise for restoring morale at EPA follow- 
ing the scandals during the term of office of 
Anne M. Burford. Only one of the 20 polit- 
ical appointees who ran EPA under 
Burford remains today, the remainder 
having resigned, been fired or convicted of 








Lee M. Thomas 
perjury. Thomas, a career bureaucrat, has 
been assistant administrator in charge of 
the ‘‘superfund”’ toxic waste programme. 
Thomas, whose appointment has to be 
ratified by the Senate, is a political inde- 
pendent who seems to be acceptable to 
environmental groups. But with the Pres- 
ident under strong pressure to find budget 
cuts, EPA must be a possible target. 
Richard Ayers, senior staff attorney with 
the Natural Resources Defense Council, 
wonders whether Thomas will carry the 
political weight to defend the agency, 
whose operating budget, at $1,200 million, 
is still less than it was in 1980 in nominal 
dollars. Earlier this year, Thomas told the 
House of Representatives that a proposed 
budget increase for the superfund pro- 
gramme, tied to a new timetable, would 
actually slow down the superfund work. 
Tim Beardsley 
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UK council ! 
counts pennies 


THE British Natural Environment 
Research Council (NERC) acknowledged 
last week that it can no longer adequately 
support those who look to it for research 
funds. According to Mr Hugh Fish, the 
new chairman, NERC has been squeezed 
by the general decline of government sup- 
port and by the unwillingness of 
government departments to commission 
research. Speaking at the launch of 
NERC’s annual report, Mr Fish said the 
council would have to become more select- 
ive, and promised a ‘‘corporate plan” early: 
in 1985 that might identify areas of 
research to be temporarily or permanently 
abandoned. 

Anticipating the forthcoming corporate 
plan, Mr Fish thought there would be a 
bright future for deep seismic sounding, 
where grant applications are buoyant. By 
contrast, remote sensing has been disap- 
pointing. Dr John Bowman, NERC’s sec- 
retary, said last week that the process of 
peer review may not be the most effective, 
but that NERC’s activity in this field may 
be more pointed because of plans to work 
more closely with the Science and Engin- 
eering Research Council. 

NERC’s constitutional difficulty is the 
large proportion of its budget committed 
to its own institutions, which took two- 
thirds of what the council had to spend last 
year. By comparison, support for academ- 
ic research last year amounted only to 17 
per cent of what NERC spent. Mr Fish 
would like to see this proportion doubled, 
but he did not say by when. 

As things are, in its support of terrestrial 
and aquatic life sciences, and of environ- 
mental studies in the physical sciences, 
NERC was able to meet less than a quarter. 
by value of the grants applied for. Itsreport 
for last year records regret at not being able 
to support work in remote sensing of the 
sea surface, vegetation and soil hydrology 
and the development of geological ion 
probes. In short, NERC cuts the figure of a 
harassed housewife on a restricted house- 
keeping budget. l 

So why, for example, spend £10 million 
on support of the British Antarctic Survey? 
Mr Fish is glad that the British government 
has given this field priority and would like 
“similar treatment for other areas’’. 

In one respect, however, NERC has been 
able to break new ground. The council has 
taken steps to market its services as a 
research organization willing to take on 
commissions, and has set up an office in 
Brussels to ensure that its constituent 
laboratories derive as much benefit as 
possible from the European Commission’s 
budget. The report even offers the services 
of its Brussels office to British universities 
that might wish to make use of them — but 
at a fee. Philip Campbell. 














More trouble with loose tiles 


Washington 

NEw technical problems with the heat 
insulation tiles of the space shuttle orbiter 
Challenger have forced the National Aero- 
nautics and Space Administration (NASA) 
to postpone several scientific missions 
scheduled for next year. Worst-hit will be 
the Spacelab Earth Observation Mission 
(EOM-1), which will not now fly in July 
“next year as had been hoped but will pro- 
bably be merged with EOM-2 and flown in 
September 1986. EOM-1 consists largely of 
instruments that could not be used 
effectively on the November 1983 Spacelab 
l-mission because of the delays to that 
flight. The Spacelab 2 and Spacelab 3 
missions will also both be delayed by 
several months. 

The latest delays will certainly increase 
the cost of keeping together the scientific 
groups in both Europe and Japan that have 
‘contributed experiments. The proposed re- 
scheduling of EOM-1 was one of the topics 
discussed last week by Professor Reimar 
List, director general of the European 
Space Agency, and NASA administrator 
James Beggs. The delays will also further 
tarnish NASA’s image with the Depart- 
ment of Defense (DoD): a classified pay- 
load that had been scheduled for launch in 
Challenger last month has been shifted to 
January, when Discovery will be used 
instead. NASA is obliged to give DoD first 
‘priority on shuttle flights, with commercial 
payloads ranking second and scientific 
: missions last. 

The problems with Challenger’s heat in- 
sulation tiles have been caused by an un- 
foreseen chemical reaction between. a 
water-resistant spray used to protect the 
tiles from rain before launch and the 
adhesive holding the tiles to the orbiter’s 
aluminium skin. New thicker tiles are now 
being fitted in critical areas using new tech- 
niques while other tiles are being replaced 
by an insulator fitted in blanket form. The 
modifications are likely to take at least a 
month, and Discovery will probably need 
similar attention next year. 

NASA officials stressed last week that if, 
as seems likely, EOM-1 is delayed until the 
autumn of 1986, there will be some scienti- 

“fic benefits to compensate for the incon- 
venience and expense of waiting for an 
extra 14 months. Because the combined 
mission would not have to accommodate 
any other free-flying payloads, observa- 
tion time should be close to the full 6 days’ 
effective duration of the mission, in con- 
trast with the 4 days of work that-could be 
expected from a July 1985 flight. And, one 
official pointed out with engaging frank- 
ness, a combined mission will have a higher 
priority ranking than either would sepa- 
rately, and so is less likely to be affected by 
_ any future technical difficulties that cause 
-flights to be rescheduled. 
“ Although no final decisions have been 









taken on which experiments would be used 
in a combined flight, there is no major 
problem of incompatibility of candidate 
instruments and it should not be necessary 
to drop any experiments. The major con- 
straint will be the amount of time the or- 
biter must spend in different attitudes for 
different observations. The experiments 
that had been scheduled for a 1985 EOM-1 
flight include several solar radiometers and 
spectrometers for which the shuttle cargo 
bay has to face directly towards the Sun, as 
well as an ultraviolet telescope to be 
pointed into deep space and a 
German/European Space Agency metric 
camera for Earth observation, both of 
which flew in Spacelab-1 but were not able 
to obtain all the desired data. The 
September launch date now being can- 
vassed would allow growing-season ob- 
servations of vegetation in Europe and is 
thought to be ideal for the metric camera. 
The add-on experiments that had been pro- 
visionally assigned to. EOM-2 will observe 
the limb — the horizon as seen from space 
— and also require the cargo bay to be 
facing Earth. 

The EOM-2 instruments are designed to 
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Dependant bites benefactor’s hand 


THE Royal Society threw its weight last 
week into the argument about the conduct 
of research policy in Britain, but in the 
measured language people expect of it. 
Like Sir Keith Joseph, the British 
government’s Secretary of State for 
Education and Science, the Royal Society’s 
president until next year, Sir Andrew 
Huxley, said last week (in his annual 
address) that he had been moved to worry 
about the condition of British academic 
science by a report. on the proportion of 
good research applications being turned 
down by the research councils. The report, 
commissioned by the British Science and 
Engineering Research Council (SERC) was 
prepared by Sir Jack Lewis (Cambridge). 

Everyone has his own idea of what is 
wrong. To Sir Andrew Huxley last week, it 
seemed important that support for basic 
science in Britain ‘‘is being milked” to 
support applied science which, in his 
opinion, should be the responsibility of the 
Department of Trade and Industry. 

On CERN, the European high-energy 
physics laboratory at Geneva, and the 
question of whether Britain should 
continue as a member, Sir Andrew said that 
he could not understand why there is sucha 
fuss when the cost of membership has 
fallen from 30 per cent of SERC’s budget in 
1978 to just over 20 per cent now. Referring 
in passing, and apparently dismissively, to 
the British government’s recent proposal 
that there should be a European academy 


look at the effects of solar variab © 














































































the stratosphere, and in particular ozon 
concentration. One of these add-on: 
experiments, called ATMOS (Atmosphere 
Trace Molecule Spectroscopy), will benefi 
from being in a 57° inclination orbit rather 
than the 28.5° orbit that had been planned 
for EOM-2, and the combined flight will 
offer the opportunity to compare the 
performance of instruments that would not: 
otherwise fly together. Time competition. 
from the solar observation experiments. 
should not be a major difficulty, as all the 
solar observations can be completed in two 
12-hour sessions. 

There will, however, be real scientifi 
losses for experiments that might. hav 
flown on both EOM flights, such ‘as 
Belgian grille spectrometer experiment th 
will. be used for comparisons with resul 
from ATMOS. Other instruments might 
have been flown in EOM-2 after modifica- 
tions based on experience with EOM-1. Dr 
Doug Torr of Utah State University, wh 
works on the Imaging Spectrometric Ob- 
servatory (ISO), says that experiment was 
to have been used in different modes on the 
two flights and will have to be reconfi 
gured. ISO, which obtains spectra of a 
mospheric airglow, could provide data on 
“shuttle glow’’ relevant to designing the 
planned US space station. Tim Beardsley 


named after Leonardo da Vinci, Huxley 
said that the benefit of that ‘would be 
trifling in comparison with the injury that 
would be inflicted by a body-blow:such as 
Britain’s withdrawal from CERN”. 
Procedurally, Huxley does not want to see: 
the British government pay for continued 
membership out of some other pocket than: 
the science budget. ; 
Perhaps the Royal Society’s most timely. 
disagreement with the British governme 
was over the question of student 
maintenance grants, which are to be made 
overall less generous so as to increase the 
funds for academic research by some £24 
million a year. Huxley said last week that he 
welcomed the result but ‘I deeply regret 
that these funds have been secured at the 
expense of students in higher education”’,.. 
As a reflection of its discontent, the 

Royal Society seems to be planning a morë 
deliberate, but still modest, increase of its 
support for studies of the present state of 
affairs. An inquiry into the ‘‘health of 
basic science” (which will concentrate. on 
research, and the decline thereof, into solid 
state physics and chemistry and genetics) is 
being supported by two full-time research 
assistants. The society is also planning to 
recruit three professional people, and 
supporting staff, to keep an eye on the 
development of science policy in Britain.. 
To ensure independence, the society will 
not use government money for the:task. ; 
John Maddox- 








































































Sin — Asher Peres! discusses three aspects 
of length measurement: the definition of 
«the SI unit of length, the realization of that 
unit, and the use of the unit to perform a 
“measurement, and touches on problems 
“that we have already discussed**. 

= The relevant postulates of Einstein’s 
relativity theory have been established 
experimentally with an accuracy well 
beyond that of the present best methods of 


Michelson—Morley experiments’. The 
nature of length has not been detectably 
changed by the new definition, nor has the 
size of the SI unit. The Conference 
` Générale des Poids et Mesures (CGPM) 
has not recommended any changes in the 
laws required for scaling up or down from 
the unit length in order to make length 
measurements, neither is one obliged to use 
light for this purpose. The unit is merely a 
-yeproducible scalar representation of the 
“physical quantity against which other 
~ lengths may be compared. The only change 
is the manner in which the new definition is 
‘specified and realized. The velocity of light 
is not asserted to be constant, but if it is 
changing, then the size of at least one of the 
SI units will be changing also — relative to 
some absolute units to which we do not yet 
have access (the units of gedanken 
metrology). Thus for cosmological ex- 
periments, where the constancy of the unit 
required over distances and times, com- 
parable with the size and age of the 
liniverse, respectively, neither the SI units 
cnor the natural units (e.g. where e=m, 
“sx c=: 1) can necessarily be relied on. The SI 
units are of a pragmatic nature, and are 
designed to provide the most invariant 
“units that can be achieved with the science 
‘and technology of the day: if the present 
methods become detectably inadequate 
“they will be replaced by something better. 
The definition of a unit tells us little 
cabout the nature of the physical quantity 
concerned, and we need other instructions 
in order to know how to measure a physical 
quantity. The definition of the kilogram, 
for example, is clearly not intended to 
define the concept of mass, or to instruct 
on how masses should be intercompared. 
Similarly the definition of the metre is not 
intended to be a definition of what we mean 
by length, or of how lengths must be 
_ Measured. The CGPM has redefined the SI 
“unit of length, but not the meaning of 
‘length itself. 

< The CGPM provides a definition of the 
unit’ which gives sufficient information 
for the great majority of users. The def- 
inition is accompanied by a mise en 
pratique which contains information and 
recommendations concerning the manner 
‘by which the unit should be realized if the 
full accuracy is required. The onus is on 
any metrologist who chooses to use a dif- 
ferent method to demonstrate that the unit 
so realized is of the same magnitude as that 


realizing the SI metre; particularly so for: 





produced by the recommended methods — 
moreover, it is stated that proper use must 
be made of the state of knowledge of the 
day in applying corrections for known 
effects (whether electromagnetic, 
quantum-electrodynamic or relativistic 
effects, and so on). Professor Peres is 
correct in stating that although the new 
definition might be thought to require two 
synchronized clocks, the practicality is that 
the round trip time is measured and divided 
by two. This is indeed the current practice 
in both interferometry and time of flight 
measurements (such as lunar ranging) and 
is implicit in the mise en pratique. 

The CGPM recommendations are the 
result of extensive consultations with 
scientists and technologists throughout the 
world, but they cannot anticipate future 
discoveries other than by extrapolating 
existing trends. For example, if there were 
found to be small, but significant, 
anisotropy in the velocity of light (that is 
some preferred axis in space) then this 
property would either be incorporated in 
the definition itself or in the mise en 
pratique. At present we know that the new 
definition can be realized with a 
considerably greater accuracy than could 
be achieved with the former krypton-86 


realization of the metre. 

On the question of the use of ‘the unit, 
Professor Peres uses light to measure the 
circumference of the Earth and so it 
follows that it must be in some form of 
waveguide in order to circumnavigate the 
Earth. In such a case it would, of course, be 
necessary to take account of a number of 
effects and to make the appropriate 
corrections, including that for the rotation 
of the Earth. 

Relativistic effects can be encountered 
with measurements of mass, length, time, 
in electromagnetism and elsewhere, 
however their base units are defined. As 
accuracies improve, it will be necessary for 
more and more people to take these and 
other sophisticated effects into account 
before interpreting the results of 
measurements. It is certainly important to 
ensure that the units of experimental and 
theoretical sciences remain conceptually 
consistent whenever changes are made. 

B.W. PETLEY 
W.R.C. ROWLEY 
National Physical Laboratory, 
Teddington, Middlesex TW11 OLW, UK 
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English at risk 


Sirk — Your invitation (Nature 306, 134; 
1983) to readers for comments on the abuse 
of language seems to have evoked little 
response. May I reopen the issue? 

Idso and Brazel (Nature 312, 51; 1984) 
write: “Inclusion of this latter effect in a 
simple model of watershed runoff applied 
to 12 drainage basins in Arizona...” 
Various points made in the letter, and the 
North American addresses of the authors, 
suggest that by watershed they mean a 
catchment area. 

So what distinction is being made in the 
quoted passage? Or is it just what Fowler 
and Fowler called ‘‘elegant variation’’? 1 
have already pointed out (Nature 307, 312; 
1984) that the meaning of watershed is so 
uncertain that it is unsuitable for use in the 
mixed company of an international reader- 
ship. 

A new verbal abuse is that the distinction 
between credibility and credence is in 
danger. A statement has credibility, 
credence is something given to it by a 
human mind. Nature is concerned with the 
written rather than the spoken word. May I 
however grumble about the error, often 
heard in radio science programmes, of pro- 
nouncing dissect as if were spelt diesect. 
The word means “‘to cut apart’‘ not “‘tocut 
in two’’, and one of the few almost un- 
broken rules of English spelling is that a 
double consonant shortens the preceding 
vowel, N.W. PIRIE 
42 Leyton Road, 

Harpenden, Herts, UK 


Exosat 


Sir — Your news item ‘‘Britain in space — 
strong links with Europe urged’’ (8 
November, p.92) refers to ‘‘some recent 
failures of instruments built for other 
people’s satellites (such as some of the 
| detectors for the Exosat satellite)’. We 
should like to point out that the Exosat 
detectors which have failed were not built 
by a British space research group but by in- 
dustrial contractors selected by the Euro- 
pean Space Agency. The early develop- 
ment of the prototype detectors was carried 
out in this laboratory, but, contrary to pre- 
vious practice, none of the flight hardware 
was built here. This point seems to have 
escaped many people’s attention. 

J.L. CULHANE 
Mullard Space Science Laboratory, 
University College London, 
Holmbury St Mary, Dorking, 
Surrey RHS 6NT, UK 





Not our drugs 


Sir — I write to draw attention to a“ 
substantial mistake in your leading article 
“What price drugs?” (15 November p. 
184)). 

The drugs Valium and Mogadon are 
produced by Roche Products Limited and 
not by Ciba-Geigy Pharmaceuticals; we are 
in no way involved with their production or 


marketing. M.A. FINDLAY 
Ciba-Geigy Pharmaceuticals, 
Wimblehurst Road, 





Horsham, West Sussex RH12 4AB 








Science and the philosophers 


from George Gale 


To scientists, the philosophy of science seems an irrelevance, as does the empirical practice of science. 
to philosophers, preoccupied as they are with the logical consistency of their methods. The gulf 
between the philosophy of science, which has its roots in the growth of positivism in the late nineteenth 
century, impoverishes both. But there is now hope that the gulf will be bridged by the evolution of 
philosophy into theory of science. 


THe activities of the philosopher are simply 
irrelevant tomy scientific life. This view, or 
one very similar to it, is most certainly held 
by avast majority of practising scientists in 
the English-speaking world. It was not 
always so. Philosophy and the various 
sciences have long illustrated the intel- 
lectual analogy of the relation between 
parent and offspring, in which each new 
scientific discipline, in its turn, left its 
philosophical home in order to embark on 
its own independent career. Moreover, his- 
torical research clearly reveals that phil- 
osopher and scientist often cooperate 
closely during periods of conceptual crisis 
or revolution in the. sciences in question, 
particularly when the issues involve meth- 
odological problems’. For similar reasons, 
this pattern is also exhibited during the 
initial phases of newly developing sciences, 
as will be seen. 

< As might be expected, given a relation- 
ship, of this sort, cooperation between 
philosopher and scientist lessens during 
periods of conceptual calm in a science, 
as the scientist engages himself in the 
everyday work of the laboratory and 
classroom. Physicist John Urani, among 
others, has suggested that present-day 
physicists’ lack of interest in philosophical 
matters illustrates their contentment with 
the conceptual structure and methodology 
of their science as it is. 

Yet the present-day scientist’s disdainful 
attitude towards the activities of the 
philosopher goes far beyond what might be 
explained as the result of intellectual 
contentment. Something quite drastic has 
occurred, something which has severely 
weakened an interdisciplinary connection 
stretching back to the Greeks. In what 
follows, | attempt to uncover some of the 
elements involved, looking from the philo- 
sopher’s side of the science-philosophy 
relationship. 

“Naturally enough, it is to be expected 
t analysis of such a fundamental issue 
d- be quite a complicated effort, 
olving as it-must discussions of recent 















ture and goals of contemporary higher 
education; and even discussions about 
practical features of the internal political 
structure of both professions. But despite 
the complexity and difficulty, such an 
effort clearly needs to be made if we are to 
understand the genesis of such a radically 
intensified view as that held by con- 
temporary scientists in the English- 
speaking community. It is hoped that the 
discussion will serve as an initial effort to 
begin examination of this enormously 
significant topic. 

Marriage and divorce 

Philosophy and science emerged together, 
mixed and intermingled inchoately in the 
first attempts by classical Greek thinkers to 
understand nature. But even though they 
always remained linked in Classical 
thought, it did not take long for 
appropriate roles to be sorted out. Thus, 
already by the time of Aristotle, certain 
very definite demarcations had become 
apparent between the two disciplines. It is 
fascinating that, even today, when one 


reads any particular treatise of Aristotle's, 


it remains quite asy to see when he is 
thinking as a philosopher of science rather 
than as a practising scientist. Indeed, many 
topics originally developed by Aristotle 
continue to hold interest today. Thus it is 
that contemporary philosophers retain 
strong interest in both the logic of scientific 
thought and the structure of scientific 
method, two primary targets that were 
originally identified by Aristotle and his 
successors. 

Strong interaction between philosophy 
and science is not, however, limited to the 
period of classical Greece. Right from the 
initial awakening in Copernicus, Kepler 
and Galileo, modern science and modern 
philosophy emerged together, to interact 
with one another in the production of a 
mature synthesis, a true world view, 
through the efforts of great philosopher / 
scientists such as Descartes, Leibniz and 
Newton“. It is no accident that Newton 
thought of himself as.a natural phil- 
osopher, that is, a philosopher of nature. 






















































These examples demonstrate. the 
closeness of the relationship between 
science and. philosophy during th 
conceptual revolutions of the formative 
period of modern science. Scientists and 
philosophers both believed strongly that. 
the two disciplines are inextricably. linked 
in the general structure of human 
knowledge itself. For this reason, the 
believed that interaction was not on 
beneficial but necessary to the ultimate. 
success of human inquiry into nature. 
Indeed, Descartes, Leibniz and Newton 
believed so strongly in this connection that 
they took it for granted and worked 
actively in both disciplines. Later, eve 
after scientific professionalization had 
begun to decrease somewhat the number 
scientist-philosophers,.. philosophers.an: 
philosophy itself remained in close and 
beneficial communication: withthe 
sciences. Immanual Kant, the great eight 
eenth century German philosopher, in fact 
regarded providing the philosophical 
foundations for classical physics to-be h 
most significant task’. His efforts endured 
for nearly a century as hallmarks: of the 
science-philosophy connection. - 

After Kant, the eras closer to our own 
time continued to exhibit the connection 
between science and philosophy. In 
biology, Darwin and the philosopher 
Whewell argued long, hard and success- 
fully in critical analysis of the conceptual . 
and methodological content of the 
revolutionary theory of evolution. Later, 
when early twentieth century physics” 
experienced what can only be called. 
revolutionary upheavals, as the theory of 
relativity and quantum physics overthrew. 
the classical world view, the classical phil- 
osophy developed by Descartes, Leibniz, 
Newton and Kant was overthrown as well: 
Indeed, it can be argued convincingly that 
the philosophical consequences of these 
two new physical theories were at least as 
important as the theories themselves. 

Such would most certainly be the view of 
many of the participants in the revolution; 
Bohr, Einstein, Planck, Heisenberg, 
DeBroglie among many others’... Thus, 



































































undamental of the sciences, physics, 
ommunication and interaction between 
philosophy and science continued un- 
abated at least until late in the third decade 
of this present century. (Indeed, a small 
community of scientist-philosopher 
collaborators continues to work in both 
quantum mechanics and relativity theory, 
an obvious exception to the general 
situation.) 
«/In the face of such a vigorous historical 
- tradition, today’s perceived irrelevance of 
philosophy to science stands out starkly. 
Cne can only ask, “What in the world 
happened?’’ Initial answers to this 
question must focus first upon internal 
topical developments in recent philosophy. 


-Reforming science 
o The ultimate irony of the present diver- 
“ogence between scientists and the phil- 
osophers is that its roots lie in the efforts of 
a philosopher-scientist to bring about a 
philosophical reform in physics. Ernest 
Mach, the philosopher-scientist in ques- 
on, believed that physics — and the 
natural sciences in general — had become 
‘seriously infected by the post-Kantian 
metaphysical idealism that dominated the 
faculties of major German universities. 
In particular, he argued that the easy 
acceptance of hypothetical concepts, 
concepts which typically referred to 
unobservable theoretical entities such as 
nergy, force and absolute space and time, 
had proliferated to the point where physics 
was populated by an incredible meta- 
physical bestiary. 
Mach sought to reform physics entirely, 
chop, prune and pare its theoretical 
structure until only what was ‘‘positive 
ience’’ remained. From this stated desire 
came the general rubric for the ensuing 
reform. Following the notions originated 
y Comte, Mach and his successors took 
üp the movement called ‘‘positivism’’; and 
while there are other important reasons 
behind the present disaffectation between 
science and the philosophers, those reasons 
which are substantive, and rely upon 
topical disciplinary content, lie mostly in 
the beliefs of positivism and their effect 
upon several generations of philosophers 
in the English-speaking world. 
Positivism has three tenets, each of 
which entered the doctrine at a different 
me, under the aegis of a different 
individual’. Mach, in 1886, provided the 
‘empiricist criterion of meaning’. 
Poincaré (1902) suggested the ‘‘conven- 
onal view of mathematics’’?. Whitehead 
md- Russell (1910-1913) developed *‘the 
axiomatic system for symbolic logic’’*. 
nd finally, in 1923, Rudolf Carnap 
troduced a complicated synthesis of the 
three elements in what can be clearly 
“recognized as what we today call 
“positivism”, (The movement is also 
variously called “logical positivism” and 
~*4ogical empiricism” in obvious reference 
“to-alternative emphases on various of the 





Each of the three prtiiciples contributes 


something distinct to the positivist theory 
about scientific theory. Mach’s empiricist 
criterion of meaning represents his attempt 
to eliminate reference to unobservable 
entities from science. Roughly stated, the 
criterion disallows from acceptance into 
legitimate science all terms that do not have 
an empirically observable entity, or event, 
as areferent, Since, for example, according 
to Mach, the term ‘‘absolute space’’ does 
not name an object or event which is 
Observable in the physical/empirical 
world, absolute space must not be allowed 
as a concept in legitimate science. In this 
fashion, both observational terms and 
observation itself became the essence of 
science. Bridgeman’s operationalism and 
Popper’s falsificationism are obvious 
inheritors of this tradition. 

Unfortunately, one initial logical 
consequence of Mach’s empiricism was the 
required elimination of mathematical 
terms and operations from properly 
cleansed and thus legitimatized theories. 
This grotesque result follows from the fact 
that purely mathematical concepts have no 
observable referents; for example, ‘‘plus’’ 
‘sum’? and ‘‘differential’’ are not the 
proper names of any empirically observ- 
able physical object or event. Further, 
since the empiricist criterion of meaning 
also laid down the rule for which sentences 
could qualify as being true or false, all 
mathematical sentences automatically 
became meaningless. After all, if 
theoretical terms are meaningful only if 
they have observable referents, then all 
mathematical terms are meaningless 
precisely because they lack such referents. 
It follows directly that mathematical 
sentences, which contain only meaningless 
terms, must be themselves meaningless, 
and cannot even be candidates for truth or 
falsity. 


Maths and truth 

Recognizing the unsatisfactoriness of this 
bizarre result, Henri Poincaré found a way 
minimally to preserve mathematics and yet 
hold to the empiricist criterion at the same 
time. His proposal, stated roughly, was 
that mathematics, while it is not strictly 
speaking empirical, is, even so, associated 
with the conventional activities of 
scientists, That is, even if mathematical 
statements cannot be candidates for truth 
or falsity, at least they are not meaningless, 
since they capture meaning from the con- 
ventional practices of theoretical scientists. 
Moreover, according to Poincaré, if 
necessary, mathematical sentences are 
ultimately eliminable from science, since 
their substantive content is reducible to 
strings of sentences containing only 
empirically meaningful observational 
terms. Cn this view, it is clear that the form- 
alisms of scientific theory itself are, strictly 
speaking, redundant, since they represent 
only the conventional way scientists speak 
about what, in the end, reduces to strings 


|j Of observation terms..After 





oincare, 
positivism lacked only a suitably precise: 
language in which to carry out the. 
proposed reform of physics. That language 
was provided by the achievement of an 
axiomatic system for symbolic logic. 

Philosophical concern to impose logical 
methods on scientific thinking is an ancient 
and honourable endeavour. It was 
Aristotle himself who laid it down that 
deductive logical structure is a necessary 
condition for any discipline to call itself 

“scientific”. This demand was scarcely 
relaxed during the development of the 
modern philosophy and science, as 
Descartes and Leibniz clearly evidence. But 
what had always led to failure in previous 
attempts to make science logical was the 
lack of a sufficiently rich, powerful and 
precise logical apparatus. Deductive 
syllogisms produced from the syntax and 
semantics of everyday speech just could 
not do the trick. Whitehead and Russell’s 
axiomatic system for symbolic logic, the 
logic of quantifiers and predicates with 
identity, made available for the first time a 
language which seemed to offer the 
potential to capture significant aspects of 
scientific thoughts. Unfortunately, as was 
later revealed, logicistic efforts cause more 
problems than they solved, But, at first, 
optimism reigned. 

Rudolf Carnap produced the first 
mature interpretation of logical positivism, 
a synthesis in which the three original 
principles were the foundation. According 
to this view, legitimate scientific theories 
were to be constructed along the following 
lines. At the foundation level, terms were 
to be introduced in strict association with 
observation, and put into definitions stated ` 
in the predicate calculus. ‘‘Space’’ 
for example, would be associated with 
“‘measurements made with a ruler’ 
“time” with “measurements made with a 
clock’’ and so on. 

It was even hoped that complex pre- 
dicates such as ‘‘soluble’’ and ‘‘hom- 
eostatic’? would succumb to this analysis. 
Cnce these terms were safely stated in the 
new symbolic logical system, they would 
become amenable to manipulation by 
logical operations and accepted mathe- 
matical functions. Theoretical terms would 
emerge from these operations. ‘'Velocity’’, 
for example, could be introduced as the 
“dividend” of ‘space divided by time’, and 
‘acceleration’? could then appear as a 
further dividend. In this stepwise process, 
all theoretical terms could be examined, 
analysed and ultimately rejected if they 
failed logical derivation of this sort. 

Carnap’s programme was quickly hailed 
as the first successful candidate to fulfill 
the philosophers’ millenial-old desire to 
apply their distinctive technique of 
deductive logical analysis directly to 
scientific thinking. But terrible problems 
immediately surfaced. For the most part, 
these were intrinsic to the positivist pro- 


gramme itself. 


has 


Cosmologist Brandon Carter 





recently noted one particularly prickly 


issue. Even given Poincaré’s conventional- 
ist interpretation, accepting the empiricist 
eriterion of meaning causes problems for 
those whose scientific activities most 
intimately involve mathematics, the 
theoretical physicists. In the first place, 
Carter notes, theoretical physicists are 
most uncomfortable with the notion that 
mathematical results might be meaningful 
(in a certain limited sense), but could not be 
candidates for falsity or truth. Moreover, 
he believes that most theoretical physicists 
would in nearly all cases feel much less 
confidence in assigning truth or falsity to 
sentences employing empirical observation 
terms than to mathematical sentences. As 
Carter remarks, he is much more comfort- 
able trying to decide whether a mathemat- 
ical sentence is true than he would be faced 
with such a decision regarding a statement 
about the physical world. 

‘The response of many philosophers to 
Carter’s view would be revealing. ‘‘Carter 
‘does not understand the nature either of 
truth or of mathematical systems’’, they 
would claim. Many would argue that his 
view is naive, indicating a need of 
education in modern philosophical theo- 
ries. Such a response is clear evidence of the 
breakdown in communication between 
philosophy and the scientists. Regardless 
of the correctness of either side, it is clear 
that neither is attending properly to the 
other. 


Reform 

Cne aspect of this situation is especially 
ironic. A philosophical reform movement 
instituted by a theoretical physicist 
specifically to cleanse his own discipline 
philosophically, has succeeded in 
alienating a sizeable proportion of the 
practitioners of that very craft from an 
interest in either philosophers or phil- 
osophical matters. 

Several further points must be 
mentioned. First, although some attempts 
have been made to extend positivist 
programmes beyond physics (one might 
think here of behaviourist psychology, 
which began life as a discipline specifically 
constructed a to the guidelines of 
positivism), for the most part, positivist 
philosophers have focused on physics. 
Sucha limited perspective on science has of 
course limited the range of relevance of 
recent philosophy of science. Given the 
developments in many sciences over the 
past sixty years, this restricted focus has 
isolated philosophers from a vast number 
of new and/or improved sciences. 

A second problem involves the positivist 
language itself. Modern symbolic logic has 
itself matured into a discipline with a highly 
deyeloped system of techniques and pro- 
éesses. In order even cursorily to follow 

¿relevent discussions by modern logically- 
inded philosophers, scientists must 
-become fluent in the symbolic language. 
: Since they.cannot be expected to do so, it 
becomes. incumbent upon philosophers 












themselves to initiate and maintain 
communication and interaction. But there 
is little evidence that this has happened. 

In fact, it appears that interest in logical 
analysis and other formal questions has 
quite isolated a sizeable segment of the 
philosophical community, keeping them 
from being concerned with issues that 
concern their scientific colleagues. As 
physicist James Cushing has noted, this 
sort of interest has introduced issues into 
the philosophy of science that do not occur 
in actual science. Thus, scientific questions 
which might once have been of interest no 
longer attract philosophers, in part because 
they lie outside current philosophical 
practice. 

Accordingly, if a scientific issue does not 
involve formalizable questions, then it 
does not concern logic-oriented philos- 
ophers. One example is the stance of 
philosophers with regard to the anthropic 
principle, a significant topic in cosmology 
for almost fifteen years. This principle 
raises both methodological and substantive 
questions in that it claims that the existence 
of human beings is not a neutral fact in 
the Universe but that ‘our existence, by 
itself alone, has implications for what may 
be observed — and theorized — in 
cosmology"’. Issues such as this should be 
of obvious interest both to philosophers 
generally engaged in traditional enquiry 
about deep human concerns and also to 
those whose focus is more narrowly on the 
analysis of scientific methodology, Yet 
little interest has surface about the first 
concern and essentially none about the 
second, 

Indeed, when I recently discussed the 
topic in print, almost all the letters and 
comments I received from philosophers 
were abusive!!. The comment ‘‘You have 
set philosophy back to the time of Coper- 
nicus” is typical. | was asked why I ‘‘even 
bothered to interest myself in such an 
issue’, My only reply, then as now, was to 
note that any scientific development as sig- 
nificant as the use of anthropic arguments 
represents not only a legitimate topic for 
philosophers, but also a topic that is 
important, given that so many excellent 
scientists occupy themselves with it. Not to 
take a professional interest represents, 
again, the growing isolation of philosophy 
from science. 

One final factor is perhaps the most 
important, given the growing professional- 
ization of philosophy and especially of the 
philosophy of science. As it turns out, the 
application of the logical calculus 
to scientific thinking contains its own 
insidious problems. Since in any general 
case, interpretive use‘of a theoretical 
system imparts into the resulting 
interpretation flaws endemic to the 
theoretical system itself, it is not odd that 
this kind of interpretive use of the logical 
calculus has often revealed weaknesses not 
of scientific thinking, but of logical theory. 
Thus, in attempts to interpret the methods 
by which scientists set about confirming, 


. result of the intricacies of the logical 











































































verifying or accepting hypotheses, formal 
problems intrinsic to the logic ‘of th 
conditional “if, then” operation, which: 
must be used in modelling scientific 
prediction, soon turned philosophers away 
from positive accounts of verification 
through prediction. Instead, falsification, 
à la Sir Kart Popper, was proffered as the. 
proper legitimate mode of assessing scien 
tific theory, for no other reason than that: 
its logic is much cleaner than that of predic 
tion'?. According to the falsificationis 
model, scientists’ ultimate task is to falsify 
and discard theories rather than to confirm 
and accept them. Regardless of whatever. 
other virtues there might be in the falsi 
fication programme, and Popper’s pro- 
gramme especially, such a conception of 
the ultimate scientific task is bound to seem 
odd to thinkers who believe their scienti 
lives to involve a search for truths about 
nature. 

But even more important is what has 
happened to professional philosophers as a. 


calculus they have adopted as an. instru- 
ment, In effect, philosophers have been: 
enticed away from the problems of inter- 
preting science in order to focus on 
problems internal to the means of interpre 
tation rather than the substance. A survey. 
of the philosophical literature during the. 
1940s, 1950s and 1960s reveals a prolifer- 
ation of articles devoted to complicated 
and technical questions of a logical natur 
which, although derivatively related to the: 
analysis of science, are most conspicuous 
for their primary concern for the details of 
the logical calculus, not the details of th 
science. These almost arcane discussion: 
verging on the scholastic, could hay 
interested only the smallest numberof 
practising scientists. 

Coinciding with this inward-turning of 
perspective, academic philosophy in both 
Britain and the United States experienced: 
the greatest period of growth in its history. 
Growth of philosophy faculties entailed 
expansion of graduate student: ranks, 
which naturally made it necessary to find 
tasks on which to engage the new phil- 
osophy candidates. Happily enough, the 
internal troubles of the logical model for 
science were severe enough to absorb even’ 
this new flood of workers. So the logical 
positivist theory became doctrine, with a 
vast new influx of defenders and prac- 
titioners. Among philosophers who now 
professionally interest themselves in 
science, a graduate student background in 
positivism predominates. And although it. 
would be unfair to say that the formailistic ' 
issues of the logical positivist programme 
still represent the doctrinal concern of.” 
philosophy of science in general, there 
persists a major thrust in that direction. 
Many philosophers would agree with the 
leading protagonist of this effort who 
recently told me that scientific thought is 
philosophically interesting only to the 
extent that it is formalizable. 

The upshot of all this is that, because < 
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ions: of philosophical concern with 
scientific thought have increasingly driven 
the philosophers away from their 
‘traditional interaction with seience in 
general, have restricted philosophical 
focus to a narrow range of physical theoriz- 
ing and, finally, have turned the gaze of 
-philosophers away from science itself and 
towards the internal deficiencies of the 
means of analysis, symbolic logic. This 
movement has had disastrous effects on 
communication between philosopher and 
scientist. Unfortunately, aiding and 
abetting these internal topical develop- 
ments in philosophy, there has been a series 
of developments in the academic politics of 
‘both philosophy and higher education in 
general which has exacerbated the crisis of 
divergence. 


The wider context 
Accompanying the growth of philosophy 
faculties in both Britain and the United 


-sionalization, especially noticable among 
the ranks of the philosophers of science. 
ndeed, it is not outrageously unfair to say 
hat philosophy ‘of science came into 
‘existence as a profession, separate from 
philosophy itself, during this period. 

¿ To a certain extent, this profes- 
sionalization of the philosophy of 
science required the emergence of an 
identifiable set of commitments and beliefs 
that could function as professionally uni- 
fying tenets. Logical positivism satisfied 
this function. Although not all philos- 
ophers of science identified themselves as 
positivists, positivism provided the 
‘standard against which to define them- 
selves, positively or negatively. And the 
positivist tenor of the times was inescap- 
able, even for those who foreswore the 
doctrine itself. 

All the institutional hallmarks of 
professionalism accompanied the doctrinal 
unification. Membership in professional 
societies grew and, in turn, the various 
vactivities typical of professional societies 
strengthened the profession. Conventions, 
professional colloquia, the publication of 
journals and the like cemented the mem- 
bership together, providing a sense of 
purpose and, in general, reaffirming the 
substantive movement of the times. The 
Itimate institutional outcome of this 
professionalization showed itself in two 
ways. “Philosophy of science” positions 
were provided in nearly all sufficiently 
large departments of philosophy while 
departments devoted solely to philosophy 
(and latterly, history) of science were insti- 
tuted at a number of important insti- 
tutions. But. contrary to what might have 
‘been expected, ingtitutionalization of the 
-profession raised problems for the philos- 
cophy/science connection. 

To keep an academic department 
healthy, especially one as specialized as in 
philosophy and history of science, acertain 
mass is necessary to ensure direct interac- 


States was a concomitant growth in profes- - 





department i is too onl healthy diversity 
of opinion, tolerance for other views and 
intradepartmental learning, seems never to 
arise. In short, departments fail to grow in 
perspective and knowledge, and one 


- particular viewpoint tends to dominate. 


Problems of critical mass have always 
plagued the specialized philosophy of 
science groups in Britain, which could 
certainly explain the apparently monolithic 
doctrinal nature of British philosophy of 
science. With budgets short, the prospects 
for improvement are not bright, 

A likely consequence of this unhealthy 
situation is stagnation in philosophical 
research, and an attendant inability to turn 
away from internal institutional problems 
towards interaction with scientists. With 
the stance of philosophy already directing 
energy from direct involvement with 
genuine scientific practice, the ultimate 
results are likely to be disastrous. 

A second quite different problem, con- 
cerns the internal politics of philosophy 
departments. In the recent past, most 
Anglo-American philosophy departments 
have taken on an analytic cast, with ‘‘Witt- 
gensteinian’’ departments (and there are 
many) representing the most extreme cases. 
Philosophers of science, even where special 
philosophy of science sections are inte- 
grated into the general departmental struc- 
ture, are always in the minority. They are 
thus subject to any consequence that may 


‘derive from the way in which the nature of 


their professional interest conflicts with the 
analytic nature of the greater department. 
To put it bluntly, conflict appears to be 
inevitable, 

Contemporary analytic philosophy 
often expresses a strong mistrust, indeed 
hostility, towards the empirical world and 
to those who even give the appearance of 
dealing with it. Views such as this are not 
new, but are familiar from the time of 
Plato. But in its modern guise, analytic 
philosophy has always emphasized the 
limitation of its interest to the conceptual 
aspects of human experience, eschewing 
concern for the empirical world of nature. 

The political repercussions of this stance 
were not long delayed in the newly- 
professionalized philosophy of science. 
Insofar as a person’s work exhibited 
elements that might be construed to be 
‘empirical’, his work was thereby held by 
the majority to be ‘‘non-philosophical’’. 
Moreover, contact with real practising 
scientists was at least questionable from the 
point of view of authentic philosophy. 
Since departmental political power 
typically rests in the hands of others than 
philosophers of science, conflicts such as 
this raise problems not only for phil- 
osophers of science in general but, partic- 
ularly for those who might have interests in 
close engagements with individual 
scientists or empirical scientific practice, 
both of which require of philosophers 
extensive immersion in the empirical 
content of the target scientific disciplines. 
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problems ¢ are all too familiar. in ¢ one case, 
for example, hostility from a strongly 
analytic department has recently forced a 
well-known empirically-minded phil- 
osopher of science to change institutions. 
In another case, a philosopher in a large 
British philosophy/philosophy of science 
department has been the target of hostility 
from the majority of other philosophers, 
simply because he has been congenial to 
members of the philosophy of science 
group. Cne need not even ask about the 
status, in this department, of the philos- 
ophers of science themselves. 

In other cases, philosophers of science 
who tackle empirical problems, who 
appear on programmes of scientific meet- 
ings or who publish in scientific journals 
have difficulty convincing their depart- 
ments, or the various academic review 
boards, that their work is proper 
“professional” philosophy. When compe- 
tition for salary, tenure and recognition is 
intense, such problems are of great 
practical importance. And even if these are 
isolated cases, and not withstanding this 
intradepartmental hostility in every kind of 
department, philosophy or other, it is clear 
from the style and tone of the cases which 
have arisen that there is specific animus 
mitigating strongly against contemporary 
philosophers of science who would initiate 
the first difficult moves to re-establish their 
part of the traditional link with the. 
community of scientists. 

‘ne idiosyncratic feature of the United 
States is that component of American 
mythology, which has it that the phil- 
osopher is the quintessential theorist, the 
paradigm of the deep thinker whose head- 
in-the-clouds activities render him irrele- 
vant to the practical world. Given this long- 
standing attitude, it is mystifying that US 
universities even bother to maintain 
departments of philosophy. But in the 
recent vigorous tailoring of US university 
education to the requirements of profes- 
sions and the workplace, perceptions of the 
relevance of philosophy have further 
diminished as courses have been dropped, 
programmes curtailed and the number of 
majors have plummeted. 

Naturally enough, phil ssophy of science 
is tarred with exactly the same brush, the 
internal divisions in philosophy depart- 
ments notwithstanding. The academic 
community’s growing perception of the 
irrelevance of the philosopher of science 
qua philosopher, when coupled with the 
restrictive concerns of the discipline itself, 
make it almost inevitable that con- 
temporary science students in the United 
States will not only develop in an 
environment where philosophy is taken to 
be irrelevant, but will have only a slim 
chance of encountering those who might 
demonstrate otherwise. So stands the sit- 
uation today. Fortunately, there are some 
signs that, at least in some areas, further 
divergence between philosophy and science . 
is not unavoidable. 





brighter future? 

Several recent developments suggest at 
least a hope of some improvement in the 
relationship between science and 
philosophy which involve, on the one 
hand, some of the newer sciences as well as 
theoretical biology and, on the other, 
doctrinal changes in philosophy of science 
itself. 

Clark Glymour has recently noted that 
newly emerging sciences tend to provide 
considerably more opportunity for 
relationships between philosophers and 
scientists. He pointed to computer science 
and, in particular, artificial intelligence, 
where there has been close collaboration 
between scientists and philosophers. 
Interestingly enough, this relationship 
extends even into substantive matters; one 
recent expert system, a medical diagnosis 
routine, was designed from the outset to 
embody a falsification testing strategy. H 

‘willbe more than slightly ironic if the 
‘logical formalization programme then 
turns out to provide an acceptable basis for 
artificial scientific intelligence when it has 
not been accepted as a basis for the more 
natural versions of scientific intelligence. 

Contemporary biology is another field 
of increasing interaction between scientists 
and. philosophers. Whereas twenty-five 
years ago, respectable biologists would 
have had little or no interest in philo- 
sophical issues, contemporary biologists 
and. philosophers are engaged in a sur- 
prisingly vigorous interaction with one 
‘another. Marjorie, Grene, whose philo- 
sophical encounters with biology bear wit- 
ness to the vast changes during this long 

` period, believes that two factors are invol- 
ved. First, biologists themselves have 
suffered such sweeping, indeed revo- 
lutionary, changes in both concepts and 
methodology that they are necessarily 
much more open to philosophical 
concerns. Moreover, perhaps more 
important, there is now a generation of 
biologically well-trained philosophers, 
whose strong grounding in the empirical 
details of the science commands the respect 
of biologists. It is interesting that, as 
Grene and Glymour note, many of those 
belonging: to. the vigorous core of 
contemporary philosophy. of biology were 
partly trained: in Harvard’s interdisciplin- 
ary programme. 

Others have noted that the philosophy of 
biology has never developed a strong 
doctrinal allegiance with logical positivism 
and, for this reason, has not been isolated 
from its subject as were the more physically 
oriented philosophers of science. 

Radical changes in the. substance of 
philosophy of science also offer some 
-hope. Everywhere in the English-speaking 
world, but especially in the United States, 

where the influence of falsificationist 








doctrine was never so monopolizing as in 
Britain, philosophy of science is under- 
going a radical shift of methodological 
orientation, away from the formal and 
logical towards the empirical and his- 
torical. This change has been brought 
about by the challenges to positivist 
doctrine embodied in the works of Thomas 
Kuhn”, Norwood Russell Hanson'* and 
others. 

Some of the issues raised by this revo- 
lution go directly to the foundations. of the 
philosophy of science. Thus several philo» 
sophers of science, most notably Giere'*, 
have challenged philosophers and philo- 
sophers of science alike with the idea that 
philosophy of science may itself be an 
empirical and essentially scientific activity, 
not the @ priori conceptual discipline 
exemplified in traditional departments. 
Consequentially, there have even been sug- 
gestions that this more historical/ 
empirical philosophy of science would be 
more aptly named ‘‘theory of science”. 

Developments such as these, unfor- 
tunately, can only exacerbate the hostility 
of many traditional philosophers, and that 
bodes ill, at least in the short run, for the 
philosophers of science, politically isolated 
as they already are in their academic de- 
partment of philosophy. But in the long 
run, the situation of the philosophers of 
science may be bettered from a surprising 
direction — the sciences themselves. A 
growing emphasis on historical and empir- 
ical components in philosophy of science 
would tend to bring about closer relations 
between scientists and philosophers, and 
this for several reasons. 

The shift away from the arcana of tech- 
nical logic towards the language of his- 
torical and empirical analysis will facilitate 
communication between the two disci- 
plines, when scientists most surely will 
regard philosophers as methodologically 
and linguistically less alien. Second, it is 
possible that the subject matter of an 
historical/empirical philosophy of science 
would be intrinsically more appealing to 
scientists; certainly, it is always more 
interesting to find one’s own behaviour 
and methods described rather than pre- 
scribed, as under the earlier positivist 
regime. 


Schism 

Finally, as philosophy of science more and 
more evolves into theary of science, certain 
very practical effects may compensate for 
the losses brought about by the schism 
between the new theorist and his erstwhile 
base in traditional philosophy. As Henry 
Frankel has remarked, under such con- 
ditions, many elements of the established 
reward structure in science would be open 
to the historical/empirical theorist of 
science. For example, Frankel notes, 
grants from the US National Science 


Foundation might become accessi li 
























































Kristen Shrader-Frechette has noted that 
administrators at US universities are 
especially appreciative of grant receivers, 
and doubly so if they are engaged in inter- 
disciplinary activities. ; 
Naturally, it is by no means certain tha’ 
the possibilities suggested by Giere and. 
others are likely to occur. But if it is 
considered desirable to establish an essen- 
tial interaction between two fields which 
by both nature and history, should. be: 
strongly interacting, fostering the : evo- 
lution of philosophy of science: towards 
theory of science would be one excellent 
strategy. a 
A quite fascinating speculation. arises 
from this possibility. The history. of 
modern science is the history of one field. 
after another moving out from under the. 
sheltering aegis of philosophy, in order to 
establish independent dominion over a di: 
tinguishable empirical territory. Thus 
emerged cosmology, physics, chemistry. 
biology and the rest. Were theory of 
science to emerge as suggested, would it not. 
be none other than the most recent emigr 
in this long succession? That questio: 
raises exciting issues reaching to th 
foundations of human knowledge, issues: 
that must needs be answered. It is time to 
begin. 
Some of the historical material herein 
was presented at an American Association 
for the Advancement of Science Symi- 
posium, 21 June 1983, at Logan, Utah. T 
have benefited immensely from con- 
versations and correspondence with many. 
people, including B. Carter, J. Cushing, H. 
Frankel, R. Giere, C. Glymour, M. Grene; 
R. Harré, M. Rees, G. Ross, K. Shrade 
Frechette, J. Urani, J. Worrall. The work 
was supported in part by a Weldon Spring 
Grant, and the University of Missouri — 
Kansas City. B: 
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retrovirus proteins 


Sir -— In recent correspondence to Nature, 
‘Cianciolo et al.' reported a region of 
similarity between the transmembrane 
protein pI5E of murine and feline 
leukaemia viruses and gp21 of the human 
T-cell leukaemia viruses types I and H 
“(HTLV-I and -ID. We agree that these 
proteins are indeed similar and draw 
attention to additional sequence 
“similarities and structural features 
common to the transmembrane proteins. 
The transmembrane proteins of Rous 
sarcoma virus (RSV), bovine leukaemia 
virus (BLV) and mouse mammary tumour 
“virus (MMTV) are included in the analysis. 
Figure 1 shows a schematic comparison 
of the transmembrane proteins and Fig. 2 
‘depicts three regions of amino acid sequ- 
ence similarity (regions IA, IB and IC). The 
following features are present in all of the 
transmembrane proteins considered: 
~The amino-terminal domain of the 
‘transmembrane proteins has a hydro- 
phobic character and contains region IA. 
This domain is followed by a strong polar 
egion. The position of the hydrophobic 
egion at the amino terminus of the 
transmembrane protein is reminiscent of 
e fusion sequence of other viral 
ransmembrane proteins such as the Sendai 
“and influenza viruses (see ref. 2 for review). 
or this reason, we speculate that this 
gion of the HTLV envelope may be 
ponsible for the fusion activity observed 
for HTLV virus’. The spacing of cysteine 
residues located. near the middle of the 
tansmembrane proteins is also conserved. 
Moreover, these residues occur in a highly 
conserved amino acid sequence context 
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Fig. 2 Alignment of three regions of sequence similarity among the transmembrane proteins of the 
retroviruses mentioned in Fig. 1. Conserved positions are boxed and conservative substitutions 
underlined. Although MMTV does not show significant similarity in regions 1A and IB, it was 


included because the general structural features described in the text also apply. 


(region IB), We postulate that this region 
is in direct contact with the exterior 
glycoprotein, and that disulphide bonds 
are formed between these two cysteine 
residues and the similarly spaced and con- 
served cysteine residues close to the middle 
of the external glycoproteins. Conser- 
vation of sequence in this region might be 
dictated by structural constraints required 
for protein-protein contact. Potential 
glycosylation sites are located near the 
carboxyl end of region IB in most of the 
viruses considered. Glycosylation can 
occur at these sites, as the transmembrane 
proteins of HTLV-I, HTLV-II, BLV and 
MMTV are glycoproteins. 

There is a hydrophobic region near the 
carboxyl terminus which includes a highly 
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also shown for HTLV-I. 
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‘ig. 1 Schematic comparison of the transmembrane proteins of: human T-cell leukaemia virus types 

ef. 7) and TI (ref. 8) (HTLV-I and -H), bovine leukaemia virus? (BLV), AKV4, 
y lo {FeLV}, Rous sarcoma virus '! (RSV) and mouse mammary tumour virus 7 (MMTV). The 
vdrophilicity pattern was obtained using the Intelligenetics PEP program. The hydrophobic 
‘regions discussed in the text are indicated by a thick bar beneath the line. Potential glycosylation sites 
care indicated by a square, cysteine residues by a Cand the position of a positively charged amino acid 
3 10 the transmembrane region is depicted by + . The position of regions TA, IB and IC from Fig. 2is 


feline leukaemia 





conserved sequence (region IC). This 
region has the correct length and position 
to traverse the cellular membrane. An 
a-helix is the most favoured configuration 
of this portion of the transmembrane: 
region*+*. Moreover, this hydrophobic 
domain terminates with a positively 
charged amino acid located three residues 
(except in RSV) carboxyl terminal to a 
conserved cysteine residue. 

A small, highly variable region is coded 
for by the extreme carboxyl terminus of the 
envelope gene precursor of retroviruses. 
This region, designated R, is cleaved from 
the envelope gene precursor late in 
maturation in murine viruses®. 

At present, there is no experimental 
evidence to discard the involvement of any 
of the regions of similarity or structural 
features reported in the immunosuppres- 
sive activity demonstrated for murine and 
feline p15E, : 

A more extensive analysis of similarities 
among the p15E as well as other retrovirus 
proteins is contained in our review of 
HTLV-I structure’. 
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Privacy and the peer-review system. 


There are disturbing signs that the peer-review system for unpublished manuscripts is no longer as | 
secure as it should be. Commercial competition is not the most serious a cause of trouble. 


Most complaints about the peer-review 
system say that it is unjust. But what about 
the possibility that it has become unwork- 
able? A week ago, a patent attorney wrote 
on behalf of an author, whose manuscript 
could not be published in Nature, asking 
whether referees are required to sign a 
“confidentiality agreement” in advance of 
being asked to look at authors’ manu- 
scripts. His letter went on to allege that the 
existence of his client’s manuscript, and 
perhaps even its content, had been 
‘disclosed to a graduate student at a 
university in the United States by a member 
of the faculty, who claimed to have been 
one of the referees (which is true). 

Coincidentally, a colleague of another 
author (whose manuscript has also been 
refused) telephoned to say that one of the 
audience at a recent meeting had chipped 
in, at the end of a brief formal presentation 
of the still unpublished work, with a 
detailed critique based on a sight of the 
unpublished manuscript, said to be ‘‘all 
„Over the scientific community’’. That claim 
‘is: probably exaggerated; probably the 
questioner meant “allover my laboratory” 
(where one of the referees also works), But 
whatever the truth, the tale is evidence that 
the peer-review system, whatever its other 
weaknesses, is not always the confidential 
‘means by which colleagues are consulted 
about the merits of each other’s work. 

To many people, the cynical and the 
embittered for obvious reasons, this dis- 
covery will not bea surprise. Why, they will 
say, should scientists who are good enough 
to help journals (usually without material 
reward) to decide what to publish also keep 
their own counsel about the manuscripts 
that pour endlessly across their desks? And 
now, when so much of academic science 
has an obvious commercial value, is it not 
inevitable that somebody who is actively 
working in a particular field will make the 
most of a scientific manuscript sent for 
review? 

There is no denying that access to an 
unpublished manuscript can often be of 
great value to a referee. There is a host of 
fields in which this is the case — the devel- 
Opment of semiconductor devices, solid- 
phase catalysts and photovoltaic devices 
driven by solar energy, for example. But 

the competition is especially fierce in the 
applications of molecular biology to 
technology where the knowledge of 
a short nucleotide sequence of a gene 
nay, for example; enable a competitor to 
ruct.the nucleotide probe with whose 


















help the intact gene may be fished out of a 
DNA library. That, legend has it, is why 
people speaking on these topics at meetings 
in advance of publication tend to show 
their slides of nucleotide sequences for only 
very brief intervals — and why there has 
emerged a group of auditors skilled at 
memorizing a whole string of nucleotides 
seen only for a few seconds. 

So the incentives for referees to break 
confidence are considerable. Authors are 
often painfully aware of the dangers, some- 
times to the point of seeming paranoid on 
the subject. An author’s recent claim that a 
recent piece of published work (which 
turned out to be mistaken) was being 
replicated at two other laboratories within 
a week or so of the submission of the 
original article was found, on invest- 
igation, to be only half-true; the work had 
been begun before, and was independent. 
The author had, however, guessed the 
geographical location of two of the three 
referees. 

These are not the only hazards of the 
peer-review process, as exemplified by a 
sad tale from earlier this year. A manu- 
script reporting part of an incomplete 
amino acid sequence was in part concerned 
with what seemed an interesting homology 
with another amino acid sequence, sent for 
review to one whose interests include the 
maintenance of a databank. In the event, 
the referee spotted a more complete and 
striking homology than the author had 
claimed. That information was conveyed 
to the author together with a tactless 
suggestion (which was misunderstood) that 
there should be some formal recognition of 
what the referee had done. The upshot was 
that the article was withdrawn (fortunately 
to be published elsewhere) and the 
offended author convinced, as he 
explained, that he “had been robbed of the 
joy of discovery”. 

So should referees also take care not to 
let their intellectual curiosity run riot over 
papers sent to them for review? Of course 
not. All journals know of papers that have 
been enormously improved by the contrib- 
utions made by referees. Sometimes, 
authors are ready to acknowledge this, 
although it must be rare that a referee’s 
contribution is so great that the interpret- 
ation of data is entirely transformed. But 
these, in any case, are not the occasions 
when authors most fear that their data will 
be misused before publication. 

The problems recently encountered with 
manuscripts whose content may have 





















































immediate practical value in, for example, 
biotechnology are much more taxing.. Th 
obvious danger is that improper commer- 
cial use will be made of data that are still 
confidential, which is why journals try to 
use their common sense and not send 
papers for review to people likely to have a 
commercial interest in them. But there are 
two circumstances that make this ideal 
general unattainable. First, and quite 
deliberately, the larger biotechnology 
companies have made a point of keeping 
close links with academic science, partly. 
because the step between discovery: and 
practical innovation is so short and partly 
because it helps in the recruitment of able 
people. Second, and much more serious, 
this is now one of many fields of science in 
which there are very few able academic. 
researchers who do not have links of some 
kind with some commercial organization, 
commonly undisclosed. 
So has the time come to recognize that 
the peer-review system has broken down? 
Again, the answer is flatly no. The interest 
of patent attorneys suggests that most 
authors are now keenly aware that the work 
they seek to report may have commercial 
value, and that they know what steps. must, 
be taken to protect it. Even where research: 
has no immediate application, journals’ 
such as this do their best not to send papers 
for review to groups known to be in- 
competition, or willingly follow an= 
author’s request that the referees should; 
not include people working in named. 
laboratories. (Nervous authors would be 
comforted to know how often referees. 
disqualify themselves on the grounds that. 
they have too direct an interest.) ae 
There is, however, unsystematic evid- 
ence, chiefly what seems to be a greater. 
volume of complaint, that some referees 
are now less than strictly bound by the 
request that they should deal confidentially 
not merely with the content of the manu- 
scripts they are sent but even with the fact’ 
that they exist. The damage done by such © 
transgressions is intangible but no less 
worrying on that account. The chief 
casualty is the civility of academic life. 
Authors are entitled to expect that their 
papers will be dealt with privately. Not 
merely their self-esteem but their public. 
reputation may easily be damaged unfairly 
by gossip, necessarily incomplete, about 
the ways in which their latest attempts.at™ 
publication have been handled.. Erring 
referees should reflect that they are usually 
authors as well. John Maddox 













































































from Lubert Stryer 


THE discovery of bacteriorhodopsin 
(BR), a light-driven proton pump found 
in halobacteria, revealed that the 
-photoisomerization of retinal has a 
significance extending beyond its role in 
vision in higher organisms', Two more 
light-activated retinal proteins have 
“recently been identified in halobacteria: 
-` halorhodopsin (HR), which serves as a 
chloride ion pump, and sensory rhodopsin 
ASR), which is the receptor for phototaxis. 
The genetics, chemistry, conformation, 
-.photoreactions and regulation of these 
halobacterial proteins were explored at at 
recent workshop*, Discussion of the 
- proteins was enriched by comparing them 
with rhodopsin, the photoreceptor protein 
in the rod cells of vertebrate retinas. 
“Reports of a phototaxis receptor in a 
eucaryotic green alga* and the three cone 
pigments mediating human colour vision 
‘contributed to the liveliness of the meeting. 
“>. The lateral position of the retinal group 
of bacteriorhodopsin has been investigated 
by neutron diffraction of membranes 
_ containing hydrogenated or specifically 
` deuterated retinal (N. A. Dencher, Berlin). 
Peaks in neutron difference maps fit nicely 
_ with the proposed position of the 
C-terminal helix, which contains lysine 
216, the residue joined to retinal by 
a protonated Schiff base linkage (R. 
© Henderson, MRC Cambridge). X-ray and 
“electron diffraction patterns of M412, the 
deprotonated species in the proton- 
pumping photocycle, are very similar to 
those of protonated BR. The extent of 
Structural change corresponds to a 
movement of one or two amino acid 
residues by a distance of about 4 A. A 
“rotation or tilting of an entire helix is 
“excluded by these data. 
The configurations of key bonds in the 
retinal group. of bacteriorhodopsin at- 
_ “tracted much interest. Resonance Raman 
spectroscopy and solid-state C-NMR 
have provided a wealth of information 
concerning the precise structural changes 
-öf the chromophore during the photo- 
< cycle% Theoretical calculations indicate 
that rotation about the C14-C15 single 
bond is severely hindered in the protonated 
state. This single bond is thought to be 
essentially free in the unprotonated state, 
‘as well as in a protonated state, with a 
oegative counter-ion near the Schiff base 
nitrogen (K. Schulten, Munich). Rotation 
„about the C14—C15 bond may be an 
important gating mechanism in proton 
pumping by bacteriorhodopsin. Fourier 
transform infra-red spectroscopy has 
shown that several carboxylates undergo 
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Light-activated retinal proteins 


changes in the photocycle (F. Siebert, 
Freiburg). lt seems likely that the pathway 
of proton pumping will be known in atomic 
detail before long. 

Halorhodopsin, discovered several years 
after bacteriorhodopsin*, pumps chloride 
ions into halobacteria®. Three different 
classes of chloride binding sites have 
recently been identified (B. Schobert, 
University of California, Irvine; T. 
Yoshizawa, Kyoto). Because it is highly 
specific for halide ions, site H is probably 
directly involved in transport. Moreover, 
occupancy of this site leads to a large 
spectral shift of the retinal chromophore. 
Site I affects the pK of the retinal Schiff 
base, whereas site IH is less specific and has 
lower affinity for chloride. The photocycle 
of halorhodopsin resembles that of 
bacteriorhodopsin apart from the absence 
of a deprotonated intermediate. Instead, 
the most blue-shifted species is thought to 
arise from the interaction of the trans- 
ported chloride ion with the protonated 
Schiff base nitrogen (D. Oesterhelt, MPI 
Martinsried). Halorhodopsin probably 
transports chloride into the cell by a 
mechanism very similar to that employed 
by bacteriorhodopsin to pump proton out 
of the cell. 


Phototaxis 


Halobacterium halobium is attracted to 
long-wavelength visible light (the red 
response) and repelled by short-wavelength 
light (the blue response)’. Halobacteria 
reverse their swimming direction when they 
encounter an increase in blue light intensity 
or a decrease in red light intensity, The 
isolation of a mutant devoid of BR and HR 
has led to the discovery of a third light- 
activated retinal protein in halobacteria®. 
This pigment has a photocycle akin to that 
of BR and HR, but it occurs on a slower 
time scale, and so was initially called slow- 
cycling rhodopsin (SR)°. Later studies of 
SR revealed it to mediate the attractant red 
response (P8565). Hence, SR now stands 
for sensory rhodopsin. 

What about the receptor for the repellent 
blue response? The surprise is that SR does 
double duty, serving as both the attractant 
and repellent receptor (J. L. Spudich, Al- 
bert Einstein, College of Medicine !®; R. A. 
Bogomolni, University of California, San 
Francisco). Absorption of a red photon by 
the dark-adapted state of SR (SR587) 
converts it into a form (SR373) that 
absorbs maximally at 373 nm and leads to 
an attractant signal. Absorption of a blue 
photon by SR373 then gives rise to a 
repellent signal. The repellent response is 
much more sensitive that the attractant 
response. Indeed, excitation of a single 
molecule of SR373 appears to be sufficient 








the dual role of SR is that the repellent 
response to blue light is dependent on the 
presence of red background illumination. 
An alternative view, espoused by some. 
afficionados of halobacteria phototaxis, is” 
that different receptor proteins trigger the 
attractant and repellent responses''. After 
a spirited evening discussion, it was agreed 
that a mutant lacking SR is needed to settle 
the issue. The effects of blue and red 
flashes separated by different intervals 
should also be highly informative. My feel- 
ing is that the photochromic mechanism is 
basically correct, and that halobacteria 
have exploited the convertibility of retinal 
isomers to get primitive colour-sensing 
from a single retinal protein. 

Image-forming eyes are present in four 
phyla — molluscs, annelids, arthropods, 
and vertebrates. The action of photo- 
excited rhodopsin (R*) is best understood 
in vertebrates, where it triggers a cascade 
that leads to the hydrolysis of cyclic GMP 
(L. Stryer, Stanford University; M. 
Chabre, University of Grenoble). In the 
first stage, a single molecule of R* catalyzes... 
the exchange of GTP for GDP bound to 
hundreds of molecules of transducin (T), 
a multisubunit peripheral membrane 
protein '?, Ta-GTP then activates a cyclic 
GMP phosphodiesterase. Hydrolysis of 
bound GTP brings transducin back to the 
dark state. This cycle is driven by the 
phosphoryl potential of GTP, which is 
nicely partitioned between the activation of 
transducin and the subsequent hydrolysis 
of its bound GTP. The restoration of the 
dark state also requires that R* be deacti- 
vated, which is accomplished by the 
phosphorylation of multiple serines and 
threonines in its carboxy-terminal domain 
(H. Kühn, KFA, Jülich). Phosphorylated 
rhodopsin is then capped by a 48K protein, 
which probably prevents it from inter- 
acting with transducin. Infra-red light- 
scattering studies of magnetically-oriented 
rod outer segments have shown that a 
molecule of R* activates a molecule of 
transducin in 1 msec, which is sufficiently 
rapid to enable transducin to participate in 
visual excitation'?. The activation of 
transducin and the consequent hydrolysis 
of cyclic GMP are only part of the story. 
The challenge now is to delineate the links 
between this cascade and the closure of 
sodium channels in the plasma membrane. 
Calcium, is almost certainly involved, but 
its relationship to the cyclic GMP cascade is 
still an enigma. 

The amino acid sequence of bovine 
rhodopsin and of the y--subunit of trans- 
ducin have been determined (Y. Ovchin- 
nikov, Shemyakin Institute, Moscow). The 
sequences of bovine rhodopsin is not 
similar to that of bacteriorhodopsin, 
although there are similarities in their 
architecture'*. Furthermore, vertebrate 
rhodopsin is like bacteriorhodopsin in the. 
first few-picoseconds of its photo: 
















































chemistry. Thereafter, the 

excited rhodopsin isto trigger an enzymatic 
cascade, whereas that of bacteriorhodop- 
sin.is to pump a proton and recycle rapidly. 
It will be interesting to see whether the rho- 
dopsins of molluscs and arthropods are like 
those of vertebrates, as hinted at by the 
finding that squid rhodopsin can activate 
vertebrate transducin (H. Saibil, Uni- 
versity of Oxford). 

The genes for the three visual pigments 
mediating colour vision in humans have 
been isolated (J. Nathans, Stanford Uni- 
versity) by a tour de force that began with 
the isolation of the gene for bovine rhod- 
opsin'*, which was then used as a 
hybridization probe to isolate the human 
rhodopsin gene'® and has now been 
similarly used to isolate the three genes for 
the colour pigments: two (probably the red 
and green absorbing pigments) are on the 
X-chromosome and the other (probably 
the blue absorbing pigment) is on an 
autosome. 

Sequence analysis of the bovine and 
human rhodopsin genes had shown that 
they have the same intron-exon arrange- 
ment and that the two proteins have the 
same number and a 94 per cent match 
of amino acids. Moreover, the retinal 
attachment site, the two glycosylation 
sites, all but one of the phosphorylation 
sites and, most strikingly, the three loops 
on the cytoplasmic face of bovine 
rhodopsin are perfectly conserved; these 
loops almost certainly form the binding 
sites for transducin and other proteins that 
interact with photoexcited rhodopsin, such 
as rhodopsin kinase and the 48K protein. 
The intron-exon arrangements of the 
colour vision genes are like those of 
rhodopsin but the amino acid sequences 
have diverged considerably. Because the 
colour pigments have not yet been purified 
and sequenced the complete nucleotide 
sequences of their genes are eagerly 
awaited. Thomas Young, who in 1802 pro- 
posed that colour vision is mediated by 
three distinct receptors, would no doubt 
have derived enjoyment and satisfaction 
from knowing that their genes are now in 
hand. a 
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Spanish reflections and Cajal 


from A, Claudio Cuello and Alan Cowey 


Ir IS no exaggeration to say that Don 
Santiago Ramon Y Cajal laid the found- 
ations of modern neurobiology. Certainly 
he has been the most important scientist 
ever produced by Spain and his name still 
possesses some magical appeal, fifty years 
after his death. To mark that anniversary, 
the Cajal Institute of Madrid organized a 
meeting of neuroscientists in the elegant 
setting of the Consejo Superior de Invest- 
igaciones Cientificas, Madrid, from Sep- 
tember 17-20 1984. 

Neuronal connectivity, which could be 
described as having been discovered by 
Cajal, was given pride of place in a session 
that showed with extraordinary clarity how 
much modern techniques of labelled axo- 
plasmic transport and immunocytochemis- 
try, combined with the Golgi methods used 
by Cajal himself, are revealing about 
specific connexions and their develop- 
ment. Regeneration in the central nervous 
system, another of Cajal’s abiding 
interests, was discussed in relation to new 
surgical techniques, to models of how 
appropriate connexions are formed, and to 
the exciting new evidence that intracerebral 
grafts may not only survive, but function. 
A session on synaptic transmission 
provided clear evidence of the extent to 
which synaptic events are now explained in 
terms of the molecular structure of 
receptors, and the development of nerve 
cells can now be attributed to electrical 
oscillation and resonance. Even Cajal 
could not have foreseen the final sym- 
posium on genetic engineering in neuro- 
biology in which several examples were 
presented of how it is now possible to 
identify genes whose expresssion is limited 
to identified neurones, and how a given 
gene product can influence the physiology 
of a cell. 

It was refreshing to see so many young 
Spaniards eagerly following these accounts 
of recent developments in the neuro- 
sciences, during which there were repeated 
references to the outstanding contributions 
made by ‘Don Santiago’ and his followers, 
a measure of the permanence of his school 
in contemporary neurobiology. So it is 
ironic that Spaniards now have to look 
abroad to enable themselves to keep pace 
with developments in this field. The exodus 
of eminent neuroscientists from Spain 
started early this century and was 
aggravated by the Civil War. Pio del Rio 
Hortega left for Oxford and then moved to 
Argentina where he generated great 
interest in neurohistology. Lorento di No 
emigrated to the United States, where he 
continued his timeless work on neuronal 
structure. Among countless other Spanish 
neuroscientists distributed among their 
adopted countries are J. Palacios in Switz- 





erland, C. Sotelo in France, M. Marin- 
Padilla, A. DeBlas and M. Nieto 
Sampedro in the United States, and F.“ 
Cervero in Britain. 

Will any of these distinguished scientists 
ever return to the homeland and contribute 
to the development of neurosciences inthe 
land of Cajal? Probably. not. The most 
realistic possibility for Spain to :regain:a 
proper international place in neurobiology 
would be for young neurobiologists to: be 
offered good possibilities to carry out” 
advanced research projects at home. A 
good number of Spanish scientists are cur-.” 
rently trained abroad and some of Spain's 
more mature scientists are making trem- 
endous efforts to expose themselves to new 
ideas and techniques. For all this to prosper” 
there is a need for a firm intention to con- 
solidate these gains, together with a’ 
sustained effort to finance the. fresh 
demands these investigators will make. If’ 
the sometimes passionate words of the” 
President of the Consejo Superior de 
Investigaciones Cientificas and the Mini- 
sters of Education and Health expressed on ` 
the occasion of Cajal’s anniversary are. 
taken literally, then we can expect a revival 
of the Cajal legend to have a positive. 
impact on Spanish neuroscience. But ‘a 
sincere intention will need to be behind the 
rhetoric. Cajal’s gigantic figure should’: 
serve Spain as a source of continuou 
inspiration and not just simply a glori 
cation of the past. 





A, Claudio Cuello is in the Department. of. 
Pharmacology and Alan Cowey is in the 
Department of Experimental Psychology, © 
University of Oxford, South Parks Road, 
Oxford OX1 3QT, UK 


100 years ago 
A METEOR VISIBLE IN THE DAYTIME 


AY Waterpark, just below Waterford City, 
about 4 p.m. on October 15, my attention was 
attracted by a flash of increased light. Looking 
up, I saw in the south-south-west, about. half 
way between the horizon and the zenith, a bright 
meteor slowly sailing nearly due west, its 
apparent size about half of the full moon, 
intensely white in colour at the centre, passing 
into blue at the circumference. It described alow 
arc, and was in sight for several seconds, leaving: 
a trail of indigo blue with lighter luminou: 
edges. The meteor disappeared behind som 
clouds which concealed the sun at a considerabil 
altitude above the horizon. 
From Nature 31, 102, 4 December, 1884. 






First results 




























-From Y. Okado. 


A VERY extensive high-quality digital net- 
work for micro-earthquake and ground-tilt 
observation has recently been completed in 
“the south Kanto-Tokai area surrounding 
Tokyo. The first scientific results are now 
appearing and allow, among other things, a 
“remarkable three-dimensional picture of 
the earthquake hypocentre distribution to 
be produced. The distribution maps out the 
boundaries of the three plates that meet 
under this region of Japan'. 

The new network — perhaps the most 
extensive in the world — has been built 
primarily to aid the prediction of earth- 
quakes in an area that contains a large 
raction of Japan’s industry and pop- 
ulation. Construction began in 1978 aided 
‘by. the passage of the Large Scale Earth- 
quake, Countermeasures Act which pro- 
~vides for the preparation of specific 
measures to be taken when an earthquake 
of magnitude 8 or more is predicted to be 
imminent.’ The network will also provide 
` many data of great scientific interest be- 
Cause it is monitoring seismic activity in the 
unique triple junction of the Eurasian, 
Phillipine and Pacific Plates. It is at the 
boundaries between these plates that great 
earthquakes have repeatedly occurred in 
the past. It is thought that an interplate 


from Japanese 
network for earthquake prediction 


earthquake with a magnitude of 8 or more 
will occur in the Tokai region in the near 
future and a long-term prediction has 
already been issued to the general public. 

The network, which has the National 
Research Centre for Disaster Prevention 
(NRCDP) in Tsukuba Science City at its 
hub, consists of 71 stations (Fig.1) includ- 
ing three deep borehole observatories, 48 
borehole stations approximately 100 m 
deep and 20 surface stations covering an 
area of approximately 350 x 150 km? with 
an average distance of 25 km between ad- 
jacent stations. Among them, three deep 
borehole observatories which reach the 
basement rock at depths of 3,510m, 2,330m 
and 2,710m, were completed in 1980 in and 
around Tokyo to overcome the artificial 
noises at the surface in the capital area. 
Most of the stations are equipped with a 
three-component set of velocity-type seis- 
mographs with a natural frequency of I 
Hz. Atwo-component borehole tiltmeter is 
sited at 23 stations, some of which are also 
equipped with special instruments such as 
three-component borehole strainmeters, 
acoustic emission sensors, ground-water- 
level meters and geochemical sensors. 

All the observed data are digitized and 
transmitted with the pulse code modu- 
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Fig.l National Research Centre for Disaster Prevention network for microearthquake and ground 
Lilt observation (the southernmost station HCJ at latitude 33.1°N is omitted}. 











NRCDP. The telemetry system. uses v. 
ious modern techniques such as automatic 
network timing (ANT) and wide dynamic 
range quantization (78 dB for 80 Hz 
sampling seismic. data and 96 dB for 1 Hz. 
sampling tilt data), and provides a density < 
of transmission — 9,600 bits per second — 
that has never before been achieved by a 
conventional telemetry system. ANT uses a 
set of subclocks which generate echo-back 
signals to monitor continuously the 
turnaround times of each station and 
automatically adjust their midpoints to 
coincide with a master clock. By this 
method; the data sampling at all stations. 
can be synchronized with an error of less 
than a few milliseconds and the problem of 
telemetry delay-time can be solved. 

At the centre in Tsukuba, the outputs of 
all vertical seismograph and tilt data are 
continuously monitored on long-term” 
chart recorders, while other components of 
the seismograph are recorded on different 
charts by the trigger method. Stress is put 
on quick and reliable data processing in 
order to allow short-term prediction. One 
computer system, directly connected with 
the telemetry system, carries out the filing 








Fig.2 Distribution of earthquakes in the Kanto- 
Tokai region located by NRCDP in the 5 years 
from 1 July 1979 to 30 June 1984, The plot 
shows about 28,000 earthquakes, most less than 
3 in magnitude. (Latitude and longitude as on 
Fig. 1). 
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Fig.3 East-west cross section of hypocentres of 
1,515 earthquakes detected in the period 1 
November 1982 to 31 October 1983 within 25 km 
on either side of the 36.25°N line. The Pacific 
plate is plunging underneath the Eurasian plate, 
while the Phillipine Sea plate is being subducted 
from the south and collides with the Pacific 
plate at a-depth of about 60 km making an: 
‘earthquake nest’ under the Kanto region. 





activity on a real-time basis. Further data- 
processing. steps, including hypocentre 
determination by rationalized semi-auto- 
matic methods, are executed by a second 
computer system. 

Routine work for hypocentre deter- 
mination began as soon as the first parts of 
the system were completed in July 1979. 
Every day around twenty earthquakes are 
located, most of them micro-earthquakes 
with magnitude around two. Figure 2 
shows the hypocentres in the Kanto-Tokai 
area which have been detected by our net- 
work in the past 5 years and figure 3 shows 
the hypocentres in a vertical section 
through 36, 25° N (ref.3).” The vertical 
section clearly shows the Pacific Plate 





diving down underneath the Eurasian Plate | Disaster Prevention, Tennodai 3-1, Sakura- 

upon which the main Japanese island | mura, 305 Japan. 
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Evaluating hydrological 
and geochemical anomalies 


from Chi-Yu King 


Trt 27th International Geological 
Congress was held in Moscow from 4-14 
August 1984 and, like many other recent 
geoscientific meetings, included earth- 
quake prediction as a theme. Among the 
papers presented were five based on hydro- 
logic and geochemical studies by Soviet 
scientists, providing some current views of 
the Soviet effort in this relatively new field 
of study. While some scientists consider the 
hydrochemical and geochemical methods 
highly effective for short-term prediction, 
others remain sceptical. 

Substantial efforts to predict the time, 
location and magnitude of earthquakes 
with reasonable precision began about two 
decades ago in the Soviet Union, Japan, 
China and the United States. The Soviet 
studies were triggered by the destructive 
Khait carthquake of 1949 in the Garm 
region of Tajikistan. Hydrochemical and 
geochemical methods began to draw atten- 
tion when the 1966 Tashkent earthquake 
was found to have been preceded by 
anomalous radon changes in groundwater. 
Currently, a total of 240 wells are being 
monitored at 83 stations in practically all 
USSR seismic regions. About 40 para- 
meters are being measured, including water 
level (or flow rate), temperature, electric 
conductivity, ion content, isotopic ratios 
(such as D/H, *O/''©),.and the presence 
of gases (such as Rn, He, H. and Hg 
vapour) either dissolved in groundwater or 
emanating from the ground. Many 
anomalies have been recorded before large 
earthquakes as far away as several hundred 

ilometres. The amplitude, duration and 
l extent of the anomalies are gener- 








data and monitors the crustal | stands. 








The precise study of three- 
dimensional hypocentral distribution and 
focal mechanisms based on a large amount 
of accurate data leads us to an excellent 
image of the plate configuration in this 
complex region*. Also we have been able to 
measure a precursory tilt change in the 18 
days preceding an earthquake that was of 
magnitude : six and thirty one km away from 
the station”. ml 
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claimed to have been predicted on the basis 
of hydrochemical geochemical and other 
data, but insufficient data were shown to 
permit a critical assessment of such claims. 

Are the hydrochemical and geochemical 
changes produced by earthquake-related 
fluid movements in the earth — such as 
increased upward flow of deep-seated 
water and gas, flow of water from one 
aquifer to another through tectonically 
developed cracks in the barrier between 
them or movement of pore fluid squeezed 
out of surrounding rocks into well waters? 
It is conceivable. But these changes may 
also be the result of other environmental 
factors, such as rainfall, barometric 
pressure and groundwater pumping. 
Consequently, it is difficult to distinguish 
true earthquake-related anomalies from 
noise. Identification of anomalies is com- 
plicated further by the local geology of the 
monitoring sites, the lack of detailed 
understanding of fluid movement in the 
ground and data contamination by errors 
introduced in sampling and measurement. 
Most researchers in the Soviet Union and 
elsewhere agree that, to pursue earthquake 
prediction properly, it is necessary to use 
data recorded over a number of years with 
a variety of different instruments. 

China initiated a massive earthquake- 
prediction program shortly after the 1966 
Xingtai earthquake, which was the first of 
nine large earthquakes (magnitude > 7.0) 
that devastated many areas on the main- 
land between 1966-76. The Chinese effort 
has mobilized tens of thousands of people, 
both professional and amateur, and has 
used many different methods, both 
modern and traditional. About 4,000 wells 
have been used for hydrochemical and geo- 
chemical monitoring, but only a few per 





; in Haicheng in 1975 and Songpan in 1976. 


Hydrochemical and geochemical obser- 






















































cent of them have been found. u 
Because of the timeliness of the effort, a 
large number of scientific data and eyewit- 
ness accounts have been collected, many of 

which describe hydrochemical and. geo-". 
chemical changes. Asin the Soviet Union, . 
numerous pre-earthquake anomalies have 
been recorded at epicentral distances of up © 
to several hundred kilometres in China and 
some of the data in combination. with. 
macroscopic phenomena and other kinds 
of data have been used successfully to” 
predict several earthquakes including those 


However, because of the aforementioned 
difficulties, it will not be possible to assess 
critically the relation of many of th 
reported anomalies to subsequent eart 
quakes until more data are published. 

The Japanese earthquake-predictio 
program was implemented shortly after the 
destructive 1964 Niigata earthquake. 


vations began in 1973 and are carried. out 
mostly in the Tokai region by the Geo- 
logical Survey of Japan and several univer- 
sities, with the help of some amateur. 
groups. Anomalous changes have be 
reported in association with some earth- 
quakes including that in Izu-Oshima-. 
Kinkai in 1978, l 
In the United States, research on. 
earthquake prediction has intensified since 
the Alaskan earthquake of 1964.. A» 
national program was implemented in 
1977, with field effort concentrated in geo- 
physical (especially, seismic and geodetic-. 
strain) measurements along the San 
Andreas fault system in California. US 
hydrochemical and geochemical ‘studies 
have been relatively few and have mostly 
involved simple inexpensive techniques. 
and about 70 existing wells and springs, 
which may not always be suitable for earth- 
quake prediction. There have been some 
moderate earthquakes in California in the 
past years, but few reliable hydrochemical 
geochemical or geophysical anomalies: 
were recorded. Some attribute this to the 
tectonic environment: the San Andreas” 
fault system is characterized by ‘simple 
shear movement with little stress 
concentration, whereas seismic regions i 
in the Soviet Union and China are- 
characterized by complex continental 
structure in a highly compressed state and 
earthquake-related anomalies may occur at 
the structurally singular points where 
stresses concentrate. Most of the earlier US 
results were published in the Journal of 
Geophysical Research in June 1980 and 
Geophysical Research Letters in May 1981.” 
Approximately 30 papers on earthquake 
hydrology and chemistry, including some 
presented at the 27th International Geo- 
logical Congress, will be published in early 
1985 in a special issue of Pure and Applied : 
Geophysics. ; 
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Immunology 


from Frederick W. Alt 


ON PAGE 517 of this issue, Ritchie, Brinster 
and Storb describe an elegant experiment! 
that provides strong support for one 
¿mechanism of the phenomenon known as 
allelic exclusion, which has traditionally 
been as puzzling an aspect of immuno- 
- globulin genes as has their ability to specify 
a limitless diversity of antibodies. 
< Allelic exclusion, which is unique to im- 
«munoglobulin and related genes, means 
simply the expression of only one of the 
pair of genes that have the potential to 
specify a given chain of the im- 
munoglobulin molecule??. Although the 
function of allelic exclusion is still 
debated*, the simplest view is that the 
generation of mono-specific B-lympho- 
cytes is an important pre-requisite to an im- 
mune system whose specificity is based on 
‘clonal selection, and that a mechanism has 
evolved to ensure such specificity. 
From the molecular analysis of the im- 
munoglobulin genes, it at first seemed that 
the explanation of both the generation of 
‘antibody diversity and allelic exclusion 
might lie in the fact that the variable( V) 
region of the antibody molecule is encoded 
in separate segments of DNA that are 
brought together in different combinations 
by rearrangement in the course of B-cell 
differentation. This process accounts for 
much of the diversity of antibodies and, be- 
ing error-prone, can be shown to result in 
the assembly of a non-functional gene. 
Thus it was conceivable that the prob- 
ability of a functional rearrangement is low 
enough to make it very unlikely that two 
- functional alleles would be generated. This 
explanation of the phenomenon of allelic 
exclusion is known as the stochastic model. 
There were, however, always problems 
with the simplest form of this model; Rit- 
chie et al. now provide definitive evidence 
for an alternative model, known as the 
regulated model. By transfecting early 
mouse embryos with an already rearranged 
gene for the kappa (x) light chain ~ one of 
he immunoglobulin chains - they have 
-produced transgenic mice that express 
„these genes in their B lymphocytes. To 
“understand the implications of these new 
_ data, some background is necessary. 
` Each B lymphocyte displays on its sur- 
face an immunoglobulin molecule of a 
igle specificity which is composed of a 
complex of two identical heavy chains and 
and two identical light chains, the amino 
termini of which interact to generate the 
pecific antigen binding pocket. The 
variable region of éach light chain is encod- 
oed by a variable (V) gene segment and a 
_- joining (J) segment which are separate in 
“the germ line DNA but are assembled 
somatically to form the complete variable 
region gene. There are two families of light- 





Exclusive immunoglobulin genes 


chain genes, kappa and lambda, only one 
of which is expressed in any one cell. Im- 
munoglobulin heavy-chain variable genes 
are also assembled from separate segments 
but in this case, there are three: the V, D 
(diversity), and J segments; the Dto Jcom- 
plex is formed first and a V segment is add- 
ed later to form the complete gene. (for 
review of V gene assembly see ref. 5). Dur- 
ing B-cell differentation, heavy chain gene 
assembly and expression generally 
precedes that of light-chain genes®. 

Early speculation on the mechanism of 
allelic exclusion favoured a model in which 
only the ‘allele’ would be rearranged in a 
given B-cell clone, the other ‘allele’ remain- 
ing in germline configuration. But it quick- 
ly became apparent that within a populat- 
ion of normal immunoglobulin producing 
B-lymphocytes, significantly more than 
half of the x light-chain alleles and nearly 
all of the endogenous heavy-chain alleles 
were rearranged at the J locus**. Further 
analysis, however, revealed that one of the 
rearrangements was usually non-funct- 
ional; for example, because of flexiblity in 
the exact point of joining, the different 
segments sometimes end up in different 
translational reading frames. This led to 
so-called stochastic models for allelic ex- 
clusion, which postulated that because of 
the preponderance of non-functional rear- 
rangements over function rearrangements, 
the probability of achieving two functional 
rearrangements in one cell was very low. 


Regulated model 


Such models, however, do not easily ex- 
plain either why a significant percentage of 
the ‘second’ alleles in x-producing cells are 
in the germ line configuration or why allelic 
exclusion is almost always observed. 
Moreover, in x light chain-producing cells 
with dual V/ rearrangements, both rear- 
ranged genes may be transcribed, and in 
several characterized cases both transcripts 
have been shown to be translated. Yet only 
one transcript in each case encodes a light 
chain that combines with the cellular heavy 
chain to produce the immumonglobulin 
molecule’’. This led to an alternative 
hypothesis; namely that allelic exclusion is 
effected by a ‘signal’ that is produced when 
rearrangement generates a light chain 
capable of combining with the pre-existing 
cellular heavy chain to form a functional 
immunoglobulin molecule. Such a signal 
would feed back and prevent further rear- 
rangement. According to this model, if the 
first rearrangement were ‘functional’, a se- 
cond rearrangement would be prevented — 
leading to a cell with one unrearranged x 
allele. Were the first rearrangement to be 
‘nonfunctional’, then a second could oc- 
cur, — yielding a-cell in which both alleles 


“are n 





model seems to account for the various pat 
terns of immunoglobulin gene rearrange- 
ment or expression that have been observed 
in tumour cells or normal cell populations, 
until now direct evidence has been lacking. 

The transgenic mouse system provides 
an ideal experimental test of the predic: 
tions of such a model. In order to analyze’ 
the x chains and the rearrangment of their 
genes, Storb and her colleagues made 
hybridomas from individual B lym- 
phocytes obtained from the spleens of the 
transgenic mice. The regulated model 
predicts that expression of a transgenic x 
chain in association with heavy chains in 
the B-cells *(repesented by individual 
hybridomas) of the transgenic mice, would 
prevent rearrangment of the endogenous x 
genes. This is precisely consistent with the 
data from the hybridomas. Likewise, the 
regulated model predicts that if cells secrete 
an endogenous x chain in the form of com- 
plete immunoglobulin, then the introduced 
gene will either not be expressed or will not 
associate with the endogenous heavy chain; 
several examples of the former pheno- 
menon were observed. Most significantly, 
Ritchie et al. have not found any hybrid- 
oma that secretes the inserted x-gene pro- 
duct in complete immunoglobulin and 
which has rearranged its endogenous x 
genes. This is totally.consistent with a regu- 
lated model of light-chain allelic exclusion. 

A variety of evidence suggests that 
heavy-chain allelic exclusion is also 
mediated by acessation of Vassembly once 
a functional VDJ gene is assembled and ex- 
pressed; among the evidence is the large 
percentage of frozen DJ intermediates at. 
the ‘non-functional’ heavy-chain allele in 
populations of normal immunoglobulin- 
producing B-cells''. Complete and active 
heavy chains have also been introduced in- 
to the germline of transgenic mice and 
shown to be expressed only in the approp- 
riate lymphoid tissues"; in experiments. 
designed to investigate the effect of the ex- 
pression of the introduced gene on en- 
dogenous heavy chain gene rearrangement, 
pre-B lymphoid cell lines established from 
the bone marrow of the mice by transform- 
ing the cells with the Abelson murine 
leukaemia virus. Such cell lines, when 
generated from normal mice, almost 
always have dual rearrangements of both J 
alleles'®, However, D. Weaver and D. 
Baltimore (personal communication) find 
that in cells from mice which express the: 
heavy chain of the introduced gene, a 
substantial proportion of the heavy-chain 
alleles remains in the germline configura- 
tion. Although this striking finding is most 
easily interpreted as supporting a regulated 
model of heavy-chain allelic exclusion, 
other explanations — such as a difference 
in the populations of potential viral targets 
in the transgenic and normal mice — have 
not been excluded. 

Thus the use of mice harbouring in- 
troduced. genes has provided strong: 
evidence for the concept that heavy-chain, 





ind. light-chain allelic exclusion is very | 


strictly regulated and not simply a by- 
product of error-prone rearrangement. 
Although the existing evidence implicates 
the complete heavy chain and the complete 
immunoglobulin molecule, respectively, as 
the primary signals for heavy-chain and 
light-chain allelic exclusion, we are still far 
from understanding the molecular 
mechanism by which such signals are 
transmitted. Further insight may come 
from the observation that there are no con- 
sistent differences between the recom- 
bination/recognition sequences that flank 
the various heavy-chain and light-chain 
gene segments that are assembled at dif- 
ferent points in B-cell ontogeny*. These 
findings suggest that all recombination 
events may be mediated by the same 
‘recombinase system’. If so, both allelic ex- 





clusion and ordered rearrangement may be 
mediated by the accessiblity of the sub- 
strate gene segments to a common recom- 
binase rather than modulation of the acti- 


vity of segment-specific recombinases. C] 
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‘Tumour development 


Oncogenes in transgenic mice 


from Douglas Hanahan 


THE study of oncogenes is increasingly 
directed toward identifying the functions 
of their products and the molecular basis 
for the transformations they effect. One 
approach is to insert cloned (and some- 
times deliberately altered) oncogenes into 
the germ line of an organism to establish 
their effect in that context. Two groups 
have recently illustrated how this approach 
can provide information on oncogene 
function and the development of cancers, 
whilst a third has demonstrated that a 
proto-oncogene can induce embryonal 
cells to differentiate. 

In the October issue of Cell, Stewart, 
Pattengale and Leder! describe the occur- 
rence of mammary tumours in transgenic 
mice which developed from one-cell em- 
bryos injected with hybrid oncogenes. The 
fusion genes comprised the long terminal 
repeat (LTR) sequence of mouse mammary 
tumour virus (MMTV) linked to various 
portions of the mouse c-myc proto- 
oncogene. The LTR carries transcriptional 
control sequences, including a tran- 
scriptional enhancer element and sequen- 
ces which mediate induction of trans- 
cription by glucocortocoid hormones??. 
The c-myc gene is the cellular homologue 
of the oncogene carried by MC29, an avian 
retrovirus’, and is itself activated to 
participate in oncogenesis by retroviral 
insertion’ and by chromosomal trans- 
location into the immunoglobulin locus**. 
The c-myc gene productis a nuclear protein 
which binds DNA in vitro; its expression is 
apparently cell-cycle regulated, being 
strongly induced during the transition 
fromthe G, tothe G, stage’. 
co Twelve of the thirteen transgenic mice 
brained by Stewart ef al. express the 
ion gene in their salivary glands, several 
produce fusion gene transcripts in a few 
er tissues, and: one shows constitutive 
















expression in all tissues. Each of the three 
females examined expressed the transgene 
in mammary tissue. The product of the 
fusion gene is the authentic mouse myc 
protein, which means it is difficult to 
distinguish from the product of the endo- 
genous c-myc gene, but which allows the 
effects of quantitative differences in the 
normal protein to be examined. 

Two of the original transgenic females 
developed spontaneous mammary adeno- 
carcinomas while they were lactating. The 
tumours arose in one of the ten mammary 
glands of each mouse. There was no ob- 
vious DNA amplification or rearrange- 
ment in the tumour tissue. Fusion gene 
transcripts were abundant in the tumour 
relative to other tissues, as well as to tran- 
scripts from the endogenous c-myc gene. 
The development of mammary tumours 
was heritable from one of the two females, 
whose three transgenic female progency 
developed similar mammary tumours dur- 
ing pregnancy. It is notable that the fusion 
gene produced tumours only in the tissue 
that is the primary target for MMTV. How- 
ever, its penetrance is obviously in- 
complete, since the development of the 
cancer occurs only during pregnancy, does 
not arise in every mammary gland, and 
occurs in only a fraction of the independent 
strains harbouring the fusion gene. This 
implies that hormonal balance is in some 
way important and furthermore, that 
secondary events are necessary to elicit 
transformation. There were no discernable 
consequences of transgene expression on 
salivary glands of any of the twelve founder 
mice, nor on any other tissues found to be 
expressing the fusion gene. 

In a somewhat analagous set of experi- 
ments, Brinster ef al.è have previously 
reported the transfer to the germ line of 
mice of the simian virus (SV) 40 T-antigen 


















































































‘oncogene’ (in the form of the early: 
of the viral genome in plasmids that also 
included either thymidine kinase or growth 
hormone genes®'”, in both cases: fused 
with, and so under the control of, the. 
promoter of the mouse metallothionein. 
gene). Transgenic mice were produced at 
frequencies comparable with those. 
obtained with the fusion genes alone, 
which indicates that the presence of the = 
SV40. T-antigen ‘oncogene’ is not. 
necessarily deleterious to prenatal. 
development. About 25 per cent of the 
transgenic mice develop tumours of the 
choroid plexus, a layer of epithelial cells 
which lines the brain and forms the blood- 
brain barrier. And virtually. all of the. 
original transgenic mice died prematurely. 
This phenotype is heritable, and is’ 
transmitted along with the T-antigen gene; 
which includes the. normal 5v40 
transcriptional control regions. 

The expression of the acquired transgene 
has several notable characteristics. The 
choroid plexus tumours, and cell lines 
derived from them, contain significant 
levels of SV40 T antigen and its co 
responding message. However, no expres 
sion was detected in total brain tissue prior’ 
to tumorigenesis, although the presence of 
small quantities in the choroid plexus: 
cannot be excluded. Furthermore, the 
metallothionein fusion genes are rarely. 
expressed in most of these mice, which isi 
marked contrast to their frequent expr 
sion in transgenic mice that lack the accom 
panying SV40 early region’? 

Taken together these results suggest that 
the injected DNA (T-antigen gene plu 
metallothionein fusion gene) is inactivated. 
early in development in some stable bu 
reversible manner. There is a precedent for: 
the stable inactivation and subsequent re- 
activation of the SV40 early region in 
cultured cells: a cell line carrying 25-50. 
copies of the intact SV40 early. region,” 
which produced no detectable T antige 
following initial cloning and continued. 
passage, subsequently expressed T antigen 
in an occasional cell, and when such cells. 
were subcloned they were found to produc 
T antigen in a clonally stable manner'!. 
Several of the ¢horoid plexus tumours and: ` 
cell lines derived from them seem to con- ; 
tain amplified SV40 sequences, which sug 
gests that amplification (and rearrange 
ment) may be one mechanism for SV40 
gene activation. The concepts of stable: 
germ-line inactivation and subsequent.: 
somatic reactivation have been well’ 
documented in mouse strains harbouring. 
genetically transmitted proviruses of 
murine leukaemia virus"?:5), In the case of : 
transgenic mice, the inactivation affects. . 
not only the SV40 early region but also the 
normally active metallothionein. fusion 
gene to which it is linked. The fact that only 
the choroid plexus is transformed may be 
accounted for by the tissue spenticity of the > 
SV40 transcriptional enhancer clement. 

In the studies of both Stewart etal: and 
Brinster ef al. , the presence of an oncogene- 






































































a simple dominant phenotype. Rather, 
additional rare changes seem to be required 
for the oncogene to produce tumours. This 
has similarities to the evolving view of 
-naturally-occurring cancers''!'*, where 
‘multiple events are most probably necess- 
ary to create the dominance that converts a 
normal cell into a tumour cell, and to 
explain the slow onset of transformation. 
“The production of transgenic mice har- 
bouring new oncogenes requires that such 
: genes do not perturb prenatal develop- 
ment. The work of Miller and Wagner!” 
nicely suggests that not all oncogenes do 
affect differentiation. They have trans- 
ferred the fos proto-oncogene into F9 em- 
bryonal carcinoma cells, where it induces 
characteristic terminal differentiation. 
= F9 cells were originally established from 
a teratocarcinoma and have many qualities 
in common with cells of the early mouse 
embryo, as demonstrated by their ability to 
form aggregation chimaeras with normal 
embryo cells and their representation in so- 
simatic tissues of mice that develop from the 
chimaera. F9 cells can be induced by the 
combination of retinoic acid and dibutyryl 
cyclic AMP to undergo a series of alter- 
ations, resulting in epithelial-like cells that 
cease to divide and show many charac- 
< teristics of authentic endoderm tissue!’ . 
The c-fos gene, the cellular homologue 
“of an oncogene (v-fos) found in several 
„acute transforming viruses, produces a 
“nuclear phosphoprotein'* that is expressed 
at very high levels in extra-embryonic 
“tissues, especially amnion and visceral yolk 
~sac!”, When F9 cells are cotransfected with 
«c-fos and an unlinked neomycin gene, 
“which confers resistance to the drug G418, 
two classes of drug-resistant colonies arise. 
One consists of proliferating cells with 
normal F9 morphology. The other com- 
prises enlarged, flat cells that assume an 
epithelial morphology and cease to proli- 
‘Terate. The flat cell colonies contain high 
levels of c-fos DNA, mRNA and protein. 
The morphologically-altered cells 
~. develop an ordered array of intermediate 
filaments that carry several antigens char- 
acteristic of endoderm tissue. However, 
“these cells do not produce either laminin or 
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a-fetoprotein, which are found associated 
with parietal and visceral endoderm, res- 
pectively. Fibronectin and type ÍV collagen 
are both detected in these cells — collagen 
is normally present in endoderm, while 
fibronectin is not. In contrast, retinoic acid 
induces the production of the intermediate 
filament network and type IV collagen, as 
well as either laminin or a-fetoprotein, but 
not fibronectin. Thus, the introduction 
and expression of the c-fos gene results in 
specific changes that are distinguishable 





induction: The ability to induce eve 

characteristic of differentiation: through 
the expression of a single transferred gene 
provides new opportunities for studying 
the role of gene expression (and its regu- 
lation) in some of the specific changes that 
are involved in complex this differentiation 
pathway. a 
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Surface chemistry 


Removing the black magic 


from J.B. Pendry 


MUCH of our chemical industry would not 
be economic without the presence of a 
catalyst, acting to short circuit energy 
barriers to the desired transmutation of 
one species of organic molecule into 
another and to discriminate against 
unwanted products. Frequently, the 
organic reactants are adsorbed on the 
surface of finely divided particles of a 
catalytic transition metal, the complex 
electronic structure of which offers a 
variety of possibilities for bonding, thus 
facilitating rearrangement of the reacting 
species. The key to understanding the cata- 
lyst’s function lies in the configuration of 
the reactant molecules at the surface —- 
that is in their crystallography. So thin and 
delicate is the monolayer of reactants that it 
is far from trivial to determine their crystal- 
lographic structure. It has only been in the 
last decade that surface crystallography 
can be said to have existed. At the 
International Conference on the Structure 
of Surfaces, 13-16 August, in Berkeley, 
California, Roland Koestner, Michel Van 
Hove and Gabor Somorjai of the univer- 
sity there, reported a major advance in 
crystallographic sophistication. 

Apart from the detailed location of the 
hydrogen atoms, the Berkeley group was 
able to solve the complete crystallographic 
structure of hydrocarbon monolayers on 
platinum and rhodium surfaces formed by 
the adsorption of C,H,,, where n varies 
from 2 to 4. A great variety of structures 
form under different conditions. For 
example, it is possible to persuade one of 
the terminal carbon atoms to discard its 
hydrogen atoms in favour of bonding to 
the metal surface, settling into a three-fold 
hollow site available on the (IH) single 
crystal surface used in the experiment. 
Some of the hydrogens are claimed by the 
unsaturated bonds further down the chain, 
forming the alkylidyne species M,C- 
(CH,),,.:-H, which stands as close to 
vertical to the surface as the crooked C-C-C 
bond angle will allow (M, represents the 
three surface atoms to which the terminal 
carbon bonds). 

For propylidyne and butylidyne species, 
a further wrinkle to the structure was 





untangled. The crooked bond angles mean 
that C-CH,-CH, adopts a configuration 
in which the C-CH, bond is perpendicular 
to the surface, whilst the CH >-CH, bond 
points in some direction away from the 
surface. At low coverages and high tem- 
peratures this arm swings around in a 
random manner, but at higher coverages 
and lower temperatures free rotation is 
prevented by interaction with neighbours 
and an ordered structure results with the 
arms neatly folded into an ordered structure. 
How was the Berkeley group able to 
make such precise statements about the 
surface crystallography? As with most 
surface experiments, several techniques 
were employed to cross check conclusions, 
but the most. important was low energy 
electron diffraction. Electrons with ener- 
gies around 150 eV have a wavelength of 
around I A, like X rays. Unlike X rays, they 
interact strongly with matter giving good 
surface sensitivity. To obtain structural 
information from their diffraction pat- 
terns, a sophisticated theoretical interpre- 
tation is necessitated but the Berkeley 
group has achieved a level of sophistication - 
that had been thought impossible. For 
butylidyne on platinum, with a (2 V3 x2 
3) R30° unit surface cell, the coordinates 
of about 50 atoms had to be correctly 
included to an accuracy of about 0.1 
Just as the journey from the original 
application of X rays to the structure of 
DNA was a long and difficult one, so there 
is a great contrast between the early 
determinations of coordinates for single 
atoms at surfaces, and the present work, 
although even butylidene on platinum falls 
short of the complexity of DNA. New 
possibilities for studying complex systems 
are opened. In particular we are brought 
closer to an atomistic understanding of 
how reactions proceed at surfaces, which 
help to make the evolution of new higher 
yielding catalysts more a matter of the 
science of design than the black magic of 
trial and error. cI 
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Measurements of longitudinal variations in the brightness and the latitude of the Solar System dust bands observed by the — 
Infrared Astronomical Satellite determine the orbital elements of the particles involved. They may also allow discriminatio, 
between cometary and asteroidal models of the origin of these bands and even perhaps the zodiacal dust complex. 









ZODIACAL light is observed as a faint glow in the west after 
sunset and in the east before sunrise. Conventionally, the debris 
of short- period comets is thought to give rise to the zodiacal 
cloud, the grains of which are responsible for zodiacal light. 
The sizes of particles emitted by comets ? are similar to those 
thought to scatter the zodiacal light?*, while the association of 
meteor streams with known comets”* demonstrates that comets 
inject some grains of diameter =1 ym into the interplanetary 
‘complex. In addition, the orbital elements of short-period 
comets generally”??? , but not completely’, match what is known 
about the trajectories of interplanetary dust. A large fraction of 
interplanetary dust grains have low densities and airy structures 
similar to those expected for volatile-rich cometary particles 
which form in a low-gravity environment”!':!? 

This hypothesis is, however, inconsistent with data showing 
that. short-period comets are an inadequate source of 
debris'*'*'*, delivering only a few per cent of the mass needed 
to replenish that lost from the zodiacal complex through self- 
collisions and by orbital collapse due to Poynting- Robertson 
drag. To avoid this conflict, it has been proposed that 
asteroids'®!> rather than comets primarily supply the cloud. 
Alternatively, the zodiacal cloud may be episodic, being supplied 
‘intermittently by the capture of an abnormally large comet into 
a short-period orbit'®"?, A further explanation is that the current 
cometary mass input has been seriously underestimated because 
comets eject most mass in the size range of pebbles or boulders, 
which are difficult to detect. Infrared Astronomical Satellite 
(IRAS)'®!” and radar observations’? of macroscopic cometary 
debris support this possibility. IRAS observations of the zodiacal 
cloud may help decide between the above explanations. In 
particular, we demonstrate here that the Solar System dust 
bands, which IRAS showed to be superposed on top of the 
much stronger zodiacal signal, may be due to asteroid families; 
asteroidal dust could thus be a significant contributor to the 
remainder of the zodiacal signal. Unfortunately, the IRAS dust 
bands can also be interpreted as indicative of episodic cometary 
injection, where the latitudes of the bands would correspond to 
the inclination of the comet at the time of injection. 

We show here that distinctive longitudinal variations in ther- 
mal flux and mean latitude can be used to determine the typical 
orbits of the grains comprising the Solar System bands. In 
particular, we predict how the bands should vary if they are 
debris associated with the three principal asteroid families. 
Based on these ideas, IRAS observations (after substantially 
more data analysis) may allow discrimination between asteroidal 
and cometary origins of the dust bands and, perhaps, of the 
entire zodiacal cloud. 


‘tricity e’ and proper inclination I’), are also considered to. be 


Dust bands and asteroid families 


































IRAS discovered three comparatively narrow bands of fa 
infrared emission superposed on the spatially broad zodiacal 
background'**°, The most prominent band lies in or near the 
ecliptic and is flanked by two other bands ~10° above and below 
it (see Fig. 1). These bands of dust have colour temperatures of 
165-200 K. The derived ‘distances of 2-3 AU suggest that. they 
are approximately at the distance of the main asteroid belt and 
may be the results of collisions between asteroids!’ 

Hirayama’s asteroid families?', defined on the basis of cluster 
ing in orbital parameter space (semimajor axis a, proper ecce 


collision products. We show first that the latitude distributions — 
of the asteroids in the three most prominent Hirayama families 
(Koronis, Eos and Themis) match the structure of the IRAS 
Solar System dust bands. The distribution of the main belt 
asteroids in the a -sin I’ plane is shown in Fig. 2. The Koronis, 
Eos and Themis families are prominent in this plane and are 
equally well-clustered in the a~e’ plane (see Table 1). There are 
no other families, except perhaps the multiple Flora families at 
2.2 AU, that are both as well-populated and as tightly bunched 
in orbital parameter space as these. The ages of the families are 
unknown, but because the longitudes of the proper nodes, 0’, 
are randomly distributed and there are no correlations between 
Q' and the nodal rates, Ò’, their ages are certainly >T 
2/501’ = 10° yr, where 501’ is the observed dispersion in 0! (see: 
Table 1). If the families are the products of chance collisions 
and if asteroidal orbits are stable over the lifetime of the Solar. 
System, then the presence of only three or four prominent 
families indicates that their ages are ~10° yr. We can make no 
definitive statements about the long-term stability of Solar Sys- 
tem orbits: planetary perturbations may disperse the orbital: : 
elements of family members in a time short compared with the 
age of the Solar System, in which case the families could be 
quite young. This would also be the case if comminution of. 
intermediate-size asteroids were important. 

The distribution in latitude (integrated over all longitudes) 
of particles associated with the prominent families shown in 
Fig. 3, was obtained by distributing 50 test particles uniformly. 
in time (or mean anomaly) on the orbits of each of the N 
members of each family. The central double spike in the com- 
posite distribution is due to the low-inclination families, Koronis: 
and Themis, and has a total width (FWHM) of ~4° The 
wings of the distribution at +10° are due to the Eos family, 
and arise because asteroids in inclined orbits spend a. 
disproportionate amount of time at the extremes of their vertical 





Table 1 Proper elements of Hirayama families 








a e E a 
(au) (deg) (ares yr7') 
2.875 +0.018 0.049 + 0.006 2.12 +0.08 —66.7 + 1.4 
3.015 + 0.006 0.071 + 0.008 10.20 + 0.28 —73.2+0.6 
3.136 + 0.025 0.152 + 0.009 1.42 + 0.22 —~104.443.7 








rmonic oscillations. Hence, a set of orbits v 
inclination and randomly distributed nodes will give rise to two 
‘apparent bands of particles symmetrically disposed above and 
elow the mean plane of the system’. There is some evidence 
‘that the central spike in Fig. I is a double spike; confirmation 
-of this would demonstrate that this feature is associated with 
particle orbits with non-zero mean inclination and would rule 
ut the alternative possibility that it is associated with dust 
which has settled to the invariable plane of the Solar System. 
























































Size-frequency distributions 


If the IRAS dust bands are located at ~3 AU, then from their 
optical depth ~10°* (ref. 19), we calculate that their total 
- apparent area is ~2 x 10'° cm”. The present population of small 
‘asteroids is probably the product of catastrophic collisions of 
larger asteroids’*"*. The size-frequency distribution of these 
collision products can be described by a cumulative power law 


of the form 
l I 3q~t) 
3(q-1) 3 


where N(r) is the number of asteroids with radii >r and ry is 
a constant. The theoretical equilibrium solution?’* has a popu- 
- lation index q= 1.837, a value which is supported by the 
observed distributions of small asteroids in both the McDonald 
nd the Palomar-Leiden surveys” 7. 

Since 5/3 < q <2, the total area, A, is dominated by contribu- 
tions from the smallest particles of radii ~fmin, Where Fmin iS 
‘the lower cutoff of the size distribution, whereas the total volume, 
V, is dominated by contributions from the larger asteroids. If 
we write V = (4/3)¢R3, then 


me TP in ( Yo a 
(34-5) min 


ro a 
Fmax 


where fmax is the radius of the largest asteroid in the population. 

The albedos of ~40% of the asteroids in the prominent 
Hirayama families are known”, and we have used them to 
_ determine the mean albedo peculiar to each family. By assigning 
this mean value to those asteroids without measured albedos, 
we have calculated the total volume of each family (and hence 
R.) from the absolute magnitudes” of the asteroids in that 
family. The values of ro calculated from the observed volumes 
«are shown in Table 2, and the resulting power-law distributions 
[equation (1)] are compared with the observed cumulative distri- 

butions in Fig. 4. 
<o The size distribution of asteroidal particles cannot be extrapo- 
lated to arbitrarily small sizes, as very small particles are 
destroyed by fast-moving particles associated with the cometary 
flux’. Dohnanyi'> estimates that asteroidal particles dominate 
the population of small particles only for r>1 mm. If rain = 
Imm, then we calculate that the total area A of the prominent 
Hirayama families is ~10'° cm? (Table 2). This is in satisfactory 
agreement with the estimated area of the dust bands. As we 
argue that the prominent asteroid families may provide the 
emitting area observed by IRAS, then the area of the entire 
asteroid belt might be expected to dominate the IRAS zodiacal 
ignal. Our calculation. of cross-sectional area; however, may 
not be applicable to the entire asteroid belt. Because the large 
steroids are probably gravitationally-bound “‘rubble-piles”’*, 
they. do not contribute to the population of small collision 
‘products. Accordingly, although the total volume of the promi- 
nent Hirayama families is only a few per cent of the total volume 
of the asteroid belt, the debris derived from the original catas- 
“trophic breakup of the parent asteroids or from the gradual 
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Fig. 1 IRAS data at a wavelength of 60 um taken from scans 


across the ecliptic plane. The data are spatially averaged over 0.5° 

and the much stronger but smoother zodiacal contribution has 

been removed. Three major dust bands are found in, and on either 
side of, the ecliptic. From ref. 20. 
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Fig. 2 The sine of the proper inclination and the semimajor axis 

of all asteroids listed in the TRIAD file, after ref. 34. The three 

most prominent families, Koronis (K), Eos (E) and Themis (Th) 
are identified. 





Table 2 Size distributions of Hirayama asteroid families 





Albedo 





Family Re Fmax "o A* At 
(km) (km) (km) (cm?) (cm?) 
Koronis (0.17 + 0.05 43 23 37 20x10 6x107 
Eos 0.09 + 0.04 90 53 78 1.2«K10 4x10"8 
Themis 0.0720.03 124 99 98 2.3x10% 7x10? 
Total 4x10’? 1x19? 
* rain = 100 pm. 


+ Pin =] mm, 























Latitude on mean plone (deg) 


Fig.3 The latitudinal distribution (integrated over all longitudes) 
of test particles spread uniformly in mean anomaly (or time) on 
the orbits of the known family members. 50 test particles were 
distributed along the orbits of each of the 42 Koronis family 

-< members, the 62 Themis family members, and the 74 Eos family 
“members. The sum of the three distributions is shown. The latitudes 
are measured with respect to the mean plane of the Eos family, 
“the orientation of which with respect to the ecliptic is determined 
by I, and (l, (see Table 3}. Because the three families have similar 
semimajor axes, the orientations of their mean planes are approxi- 

mately the same. 


comminution of the resultant family members may be much 
more prominent in the smaller size ranges that dominate the 
total cross-sectional area of the belt. 

We consider that the latitudinal distribution of the prominent 
‘Hirayama families and their estimated total area make these 
asteroidal collision products the most likely candidate for the 
source of the Solar System dust bands observed by IRAS. We 
now describe further measurements that could be made to test 
this hypothesis. 


Forced eccentricities and inclinations 


Perturbations by Jupiter and, to a lesser extent, Saturn and the 
other planets result in periodi¢ variations in the eccentricities 
and the inclinations of asteroidal orbits. The eccentricity vector 
of each orbit can be described as the vectorial sum of a free 
component of constant magnitude e' (the proper eccentricity) 
and a forced component of constant magnitude es as follows: 


e cos = e' cos (a) + wt) + er COS Wy (4) 
e sin © = e’ sin (h+ a't) +e, sin dy (5) 


Here, & is the orbit’s longitude of perihelion, &' is the secular 
apsidal precession rate due to planetary perturbations and œp 
is the (slowly varying) forced longitude of perihelion. The con- 
stant @ reflects initial conditions. The inclination vector can 
be described analogously in terms of a proper inclination I’, 

and a forced inclination and nodal longitude, I; and Q; To, a 
good approximation, the secular nodal precession rate 2’ = ~ a’, 

Table 3 lists the values of e;, wr, Ip and 0, for the three asteroid 
families discussed above. These quantities were calculated using 
the theory of Brouwer and van Woerkom*®"! including the 
effects of all the planets except Pluto, but in which terms smaller 
than e° and T° in the disturbing function are ignored. The errors 
produced by this truncation are less than 5% (J. G. Williams, 

personal communication). Greater. accuracy could be achieved 
by using the higher-order of Williams”. In the low-order theory, 
erced eccentricities and inclinations are independent of 
_free eccentricities and inclinations (assuming that these 
ies are small) and depend only on the semimajor axis; 
e orbit. Hence, measurements of the distortions of the 
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Fig.4  Size-frequency distributions of the three prominent Hiray- 
ama families. N is the cumulative number of asteroids with radii 
>r. The intercepts of the theoretical straight-line fits are derived. 
from the total volumes of the asteroids in each family. The slopes 

are ~3(q~1), where q = 1.837. 


dust bands associated with the forced orbital elements may: 
enable the distances of the bands to be deduced. 

Geometrically, the forced inclination implies that all orbit 
with a particular value of semimajor axis precess about a com- 
mon mean plane, whose inclination and ascending node. ar 
given by J; and Qs, respectively. (This mean plane is close to 
but not coincident with, the Solar System's invariable plane: 
The peaks in the latitudinal distribution of an asteroid famil 
(see Fig. 3) are symmetrically disposed with respect to this mear 
plane and, in a Sun-centred coordinate system, form two parallel: 
bands around the sky separated by 2J’. Variations in the apparent. 
latitudinal separation of the bands as seen from the Earth 





Table 3 Orientation of forced eccentricities and inclinations with 
respect to the ecliptic 





Family ej Or I LQ 


f f 

(deg) (deg) (deg) 
Koronis 0.0371 6.2 1.16 96.1 
Eos 0.0373 7.6 1.19 97.1 
Themis 


0.0379 8.7 1.22 97.8 





corresponding to changes in telescope pointing, also give a. 
method of determining the distances of the bands”, In this- 
method, however, allowance must be made for the variation 
associated with the forced eccentricity, discussed below. ; 
The orientation of the mean plane with respect to some 
reference plane (the forced inclination, 1) and the longitude of we 
the ascending node (,) are diagnostic of the semimajor axis. 
a. Measured with respect to the Earth ecliptic and the equinox 
of 1950.0 (for observational purposes, a more convenient refer- 
ence than the invariable plane), J; increases from a minimum 
of 0.60° at 2.185 AU to 1,23° at 3.2 AU, while 0; increases from ; 
315.2° at 2.0. AU to 98.0° at 3.2 AU (ref. 30). The appearance of: 
the putative Themis band in a Sun-centred ecliptic coordinate 
system is shown in Fig. 5A. The sinusoidal variation of mean 
latitude with longitude has an amplitude of I; and the phase of- 
the variation. is determined by Q;. A 
The effects of a forced eccentricity on the spatial distribution 
of an asteroid family or a dust band are analogous to those 
produced by a-forced inclination and are illustrated for the 
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Themis band in Fig. 5B. The band is elliptical with an eccentricity 
e; and a longitude of pericentre œ; its radial width is 2ae’. To 
first order in er, the inner and outer envelopes of the band are 
circles centred on a point C, displaced from the Sun by an 
“amount ae; in a direction opposite to that of œ, The angular 
© number density of the dust particles varies as 


(6) 


-where A is the ecliptic longitude, whereas the mean distance of 
the band from the Sun varies as 


1 — 2e; cos (A ~ @;) 


1 ~ ep cos (A — a) (7) 


Thus, the number density of particles is a minimum in the 
direction of ©, but at A = æ the particles are both closer to the 
- Earth’s orbit and hotter. These effects more than compensate 
“for the lower particle number density, so that the dust band is 
“predicted to be brightest at pericentre. 

. . Figure 6 shows the expected variation with ecliptic longitude 
of the thermal flux at the four wavelengths that correspond to 
the IRAS. windows. This particular calculation applies to the 
Themis band, but calculations for Eos and Koronis give almost 
identical results. For this heuristic model, we have assumed (1) 
that the dust particles have an emissivity of 0.9, a geometric 
albedo of 0.1 and a phase integral of 0.6; (2) that the Earth’s 
~ orbit is circular; and (3) that the pointing direction of the IRAS 
telescope is always tangential to the Earth’s orbit. The mean 
. temperature of dust particles associated with the Themis family 
is 160 K. At this temperature, the Planck function peaks at a 
avelength of A = 18 pm. At shorter wavelengths, the modest 
emperature. change between aphelion and perihelion (~25 K) 
produces a comparatively large change in thermal flux and thus 
¢ longitudinal variation in flux is predicted to be strongest in 
3 12-um window. 

The phase-of the longitudinal variation in brightness is deter- 
mined by ©; and is, therefore, diagnostic of a. The variations 
r and @, with a are complex due to the existence of secular 
resonances at 2.03 AU (the S resonance) and at 2.64 AU (the 
o resonance)**. Ignoring the very large changes that occur 
close to. these resonant locations, however, we conclude that 
“between 2.2 and 3.2 Au, ep generally decreases from ~0.054 to 
~0.035 and then gradually increases to ~0.038, whereas œr 
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Fig. 5 Two views of the putative Themis dust band. The latitudinal width of the band in A, in a Sun-centred coordinate system, is 2/’ at all 
longitudes. The inner and outer envelopes of the particle orbits in B are circularly symmetric about a point C which is displaced from the 
Sun S, by a distance de, in a direction opposite. to that of the longitude of perihelion of the forced eccentricity, @,. The radial width of the 
circular dust band is 2ae’. The solid circle within the dust band is centred on S and has a radius equal to the mean semimajor axis, A, of the 
Themis family. The inner solid circle denotes the orbit of the Earth E. The striations in A are an artefact of the few points used in the plot 
and disappear as the number of points increases. 
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Fig. 6 Expected variation with Sun-centred ecliptic longitude of 

the thermal radiation from dust particles associated with the 

Themis family at wavelengths of 12,25, 60 and 100 um. The arrow 

marks the longitude of perihelion of the forced eccentricity, œp 

The longitude refers to the heliocentric longitude of the dust 

particles, rather than to the observed geocentric longitude, although 
the flux is that observed at the Earth. 


increases from 333.8° to 9.2°. The amplitude of the brightness. 
variation is largely determined by e; and is thus also diagnostic: 
of a. The radial width of the dust band is determined by e’, and 
will affect both the apparent, that is, the flux-weighted, mean 
radius of the band and the mean colour temperature derived 
from brightness measurements in the four IRAS wavelength 
channels. 


Conclusions 


A detailed analysis of the IRAS data should yield information 
on all the orbital elements of the dust particles and hence should 
disclose the origin of the dust bands. We have shown here that 
the orientation of the mean plane of a band (or pair of bands) 
is determined by the forced inclination and nodal longitude of | 
the particles’ orbits, whereas the forced eccentricity and peri- 








ng 
ations. Each of these four quantities depends in turn on the 
< semimajor axis, as long as e and J remain small. The angular 
separation of a pair of bands, as viewed from the Sun, provides 
a direct measurement of the proper inclination, I'. The remain- 
ing orbital element of interest, the proper eccentricity, e’, may 
be derivable from a careful study of the apparent mean radius 
and/or colour temperature of a band. These results are appli- 
cable to, and provide a means of testing, any specific dynamical 
model of the dust bands. Apart from the asteroid family model 
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A photosensitive protein resembling the visual pigments of invertebrates enables phototactic archaebacteria to distinguish’ 
colour. This protein exists in two spectrally-distinct forms, one of which is a transient photoproduct of the other and each 
of which undergoes photochemical reactions controlling the cell's swimming behaviour. Activation of a single pigment. 
molecule in the cell is sufficient to signal the flagellar motor. This signal-transduction mechanism makes evident a 
colour-sensing capability inherent in the retinal/protein chromophore. 










MANY bacterial species alter their swimming behaviour in 
response to environmental stimuli. Chemotactic bacteria, for 
example, sense particular nutritive and noxious substances and 
respond to them as attractants and repellents, respectively’. 
Halobacterium halobium, a flagellated archaebacterium which 
grows in saturated brine, exhibits chemotaxis and is also photo- 
tactic; the cells are attracted to long wavelength visible light 
(the ‘red’ light response) and repelled by shorter wavelength 
light (the ‘blue’ light response)*. The first quantitative studies 
of these responses? revealed both sensitivities present simul- 
taneously. In the absence of photostimuli, the cells move in a 
three-dimensional random walk, swimming short stretches in 
an approximately straight line and periodically reversing direc- 
tion through roughly 180°. Light intensity gradients bias the 
random walk by modulating the frequency of reversals’. 
Increases in blue or decreases in red light intensity are inter- 
preted by the cell as movement in an unfavourable direction 
causing reversal of swimming direction. The opposite intensity 
“changes. suppress reversals. As in the case of bacterial 
_chemotaxis, the flagellar motor responses are transient: the cells 
adapt to the new light intensity and resume their prestimulus 
reversal frequency’. 

Nitamin A aldehyde (retinal) forms the chromophore of visual 

































pigments and is required also for photosensory reception. in 
halobacterial phototaxis**. Two retinal-containing pigments, 
bacteriorhodopsin and halorhodopsin, function as light-driven. 
ion transporters in H. halobium®. These pigments may be attrac- 
tant receptors and their short wavelength photointermediates 
repellent receptors’. Mutants lacking both bacteriorhodopsin 
and halorhodopsin exhibit normal colour-discriminating photo- 
taxis®, indicating that at least one additional retinal pigment | 
must exist in this organism. 
We have detected this third photoreactive retinal-containing.. 
membrane protein in H. halobium’. Like bacteriorhodopsin and. 
halorhodopsin, photoexcitation of the third pigment is followed. 
by a sequence of thermal steps returning the molecule to its 
original state. This cyclic process (or photocycle) has a half-time 
of ~0.8 s at 23 °C, in contrast to the faster (~ 10 ms) photocycles 
of bacteriorhodopsin and halorhodopsin. The slow-cyclin 
rhodopsin does not appear to mediate active ion transport®” 
and is the only spectroscopically detected retinal pigment in 
phototactic strains which lack bacteriorhodopsin and. halor-: 
hodopsin”'°. Addition of retinal to a mutant blocked in retina 
synthesis generates both slow-cycling rhodopsin and phototaxis. 
with similar kinetics and retinal concentration dependence", 
These properties and its absorbance in the region of attractant 
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Fig. 1 Dependence of near ultraviolet repellent response on vis- 
ible background light. The figure shows the % of cells reversing 
within 2 s of the near UV stimulus as a function of red background 
intensity. Points are average values + extreme values of 2 separate 
determinations, each based on >40 cells. The inset shows the 
transmittance spectra of the filter combinations used for stimulus 
and visible background irradiation. The stimulus and observation 
light from a 150 W mercury (Hg) lamp and 50 W tungsten Zeiss 
microscope illuminator, respectively, were combined through a 
‘glass beam splitter which allowed passage of 30% of the infrared 
observation light (Kodak 87A filter) and 30% of the Hg lamp 
 Fadiation. The combined beam illuminated the cells through the 
microscope phase condensor. The red background light was pro- 
vided by an optically collimated 50 W tungsten light source reflec- 

“ted by a quartz beam-splitter mounted below the condenser. Light 
= fluxes at the sample were measured with a Kettering 65 Radiometer 
and intensities calculated using irradiation areas measured with a 
calibrated ocular Zeiss micrometer. Light intensity was varied with 
Kodak neutral density filters. Stimulus light intensity, 
1,400 ergcm™*s"'. Maximum red background intensity (imax), 

72x 10° erg cm”? s~!, Infrared radiation, >750 nm. 


(red) sensitivity’ make this protein a likely candidate for the 
attractant photoreceptor. The repellent photoreceptor, however, 
“poses. a problem because no separate pigment active in the 
region of repellent (blue) sensitivity is detectable by sensitive 
flash photolysis analysis (detection limit 50 molecules per cell, 
unpublished data). The work we report here shows that a sol- 
“ution to this dilemma can be found within the slow-cycling 
rhodopsin photoreactions. The repellent receptor is expected to 
absorb maximally near 370 nm according to phototaxis action 
spectra’*; photoexcitation. generates an intermediate species 
¿with maximal absorbance at 373 nm (S3,;) within a few micro- 
seconds’ which, in addition to its slow thermal relaxation, can 
more rapidly reconvert to the red-absorbing form of the molecule 
-(8Rsg7) by absorption of a second photon’. 

We considered ‘that slow-cycling rhodopsin in its $3,, form 
„might mediate the repellent responses. If this is correct, no 
repellent responses should occur in the absence of S,;, and 
repellent sensitivity should appear when S,,, is generated by 
Humination of sRss7. The work presented here shows these 
predictions are borne out and reveal a mechanism for colour- 
“sensing based on the dual role of slow-cycling rhodopsin as 
attractant and repellent photosensory receptor. 

Swimming behaviour 

“The absorption spectrum of sRss, is so broad that any visible 
light will. generate Sa: Thus all published measurements of 
“repellent responses have been made in the presence of S;,, 
generated by the light used to observe the bacteria. To avoid 
exciting SRs¢7, we here observe the cells with light of wavelenths 
> 750 nm using an infrared-sensitive camera and track the cells 
on a video monitor. This light is beyond the absorption range 
of sRss, and therefore no S,,; is generated. Under these condi- 
tions, strong UV light which has been found previously” to be 
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Fig. 2 a, Absorbance changes of sensory rhodopsin (sR) at 375 
and 580 nm induced by red background light. The sample was a 
suspension of FIx3R vesicles, prepared vesicles, prepared and 
regenerated in a 3x3 mm quartz cuvette clear on four sides with 
all-trans retinal as described’. The regeneration of sensory 
rhodopsin was monitored as described'®, use of the regenerated 
system permitting precise quantitation of the sensory rhodopsin 
content. Flx3 vesicles containing native sensory rhodopsin gave 
the same phototransients as the regenerated protein in FIx3R shown 
here. Flash-induced absorbance changes were measured as 
described’, Background excitation was provided by a tungsten 
halogen lamp beam passed through a long pass Corning 2-61 
(cutoff 610 nm) and Ditric Optics 700 nm short pass filter combina- 
tion and applied to the sample at 90° with respect to the measuring 
beam. The maximum red light intensity (Imax) was 425 
10° erg cm? s*'. The inset shows the light intensity-dependence 
of the absorbance changes at 375 nm (AAj,<). b, Spectrum of 53,5 
and sR;,;. The latter is the spectrum obtained by regeneration of 
sensory rhodopsin apoprotein with all-trans retinal? and the former 
was calculated by adding the sRsg, spectrum to the light-induced 
difference spectrum obtained using the system described in a. The 
extinction coefficients are based on our measurements”! and have 
absolute uncertainty of +15%. 


strongly repellent, causes no change in reversal probability ( Fig.’ 
1). Furthermore, addition of red background light which gener- 
ates S,,, sensitizes the cells to the repellent stimulus, causing 
nearly every cell to reverse swimming direction within 2 s (Fig. 
1). We attribute this sensitization to the generation of a photo- 
stationary state containing the repellent receptor (S373) by red 
light. 

One might argue that the adaptation to the red stimulus 
lowered the threshold sensitivity to blue light because the back- 
ground red light generated a transient attractant response when 
it was turned on. This possibility is ruled out because we show 
here that red light sensitizes the blue response even if it is’ 
delivered simultaneously with the blue stimulus. 


Photochemical reactions 


Because of its fast rise and slow decay, S37 accumulates in 
significant amounts in natural light absorbed by sRsg7, producing 
a photostationary state mixture of the two species sRsg, and 
S173. The absorption spectra of these species, calculated from 
the photostationary state difference spectrum, are shown in Fig. 
2. The spectra are sufficiently broad to permit laser photoexcita- 
tion of both species at 406 nm so that flash-induced absorbance 
changes at their regions of maximum absorption could be 
monitored with minimal interference from the intense actinic. 
flash. 








sh-induced absor- 
bance c anges of Sy n 
sel, transient absorption 
changes of the sample 
shown in Fig. 2 in the 
absence {a) and in the pres- 
ence (b-d) of 100% Tmar 
red background illumina- 
tion at three selected 
wavelengths. Actinic laser 
flash: 406 nm, 10 ns, 0.4 mJ. 
Main figure from traces 
shown in the inset and at 
other wavelengths the 
difference in the amplitude 
‘of absorbance change 
between 0 and 100 ys (©) 
and between 200 ms and 
100 ps (@) were calculated 
and plotted as functions of 
wavelength. Note that at 
580 nm the ratio of the for- 
ward to back reaction 
absorbance change ampli- 
tude is the same as the ratio 
of absolute absorbances of 
oo 8Rsg7 and S473 at 406 am 
(Fig. 2). This indicates that 
the photochemical quantum 
yields of the two reactions 
are nearly equal. 
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In the absence of background illumination, excitation at 
406 nm causes a transient depletion of sRsg, (Fig. 3a). This is 
due to the sRsg7 to S37; photoconversion as shown previously’. 
In the presence of saturating background illumination, which 
depletes the sample of sR, (Fig. 2a), excitation causes a 
transient regeneration of sRsg7 from S373 (Fig. 3b, d). Absorbance 
changes measured at 500 nm (Fig. 3c) reveal an intermediate 
state in the S,,, to sRsg7 reaction which forms in less than 50 ws. 
Further analysis of flash kinetic data at other wavelengths (Fig. 
3) shows that this intermediate state absorbs maximally near 
510.nm and decays into sRsg, with a half-time of about 80 ms. 
Absorption of red background light by sRss, regenerates S373 
(Fig, 3d). Note that this establishes a cyclic reaction containing 
two photon absorption steps (Fig. 4). 


Colour-sensing mechanism 


‘Spectral discrimination by slow-cycling rhodopsin can be under- 
stood as an interplay between the two-photon cycle discussed 
above and the one-photon cycle generated by photoexcitation 
Of sRsg, and its subsequent thermal steps (Fig. 4). We propose 
that the one-photon reaction generates an attractant signal, 
transmitted to the flagellar motor by an attractant signal trans- 
duction pathway. Increases (decreases) in this signal suppress 
(induce) flagellar reversals. These effects occur in the absence 
of any background illumination. In contrast, the two-photon 
cycle generates a repellent signal, transmitted and amplified 
separately from the attractant signal, but integrated eventually 
before or at the site of action on the flagellar motor’. Increases 
(decreases) inthis signal induce (suppress) flagellar reversals. 


Test of the mechanism 


Previous studies have shown that the cells are at least an order 
of magnitude more sensitive to repellent (blue) light than to 
attractant (red) light intensity changes”*. According to our inter- 
pretation this sensitivity difference must be conferred by amplifi- 
cation step(s) beyond the photoreceptor, because there can never 
be more repellent receptor molecules (S,,, than the maximum 
number of molecules available for attractant reception (sRsg7) 
and their photochemical quantum yields are nearly equal (see 
legend). Therefore the repellent signal from the two- 
n cycle must be at least an order of magnitude more 
n inducing reversals than the one-photon cycle is in 
suppressing them. This leads to a seemingly paradoxical predic- 
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tion which is a strong test-of the mechanism: we should be able 
to construct conditions in which an increase in red light wi 
generate a repellent rather than the usual attractant respo 
According to the proposed mechanism (Fig. 4), the repelle 
signal produced by S37; photoexcitation should be generated b 
any of three illumination patterns. First, photoexciting S373 
previously generated by background red light (as in Fig. 1). This 
is the usual stimulus which makes blue light a repellent unde: 
natural illumination. 
Second, imposing an intense background of blue illumination 
which, in the absence of red light, will not influence the cells’ 
swimming behaviour because slow-cycling rhodopsin is almost 
completely in the sR.g; form, followed by stimulation with red 
light. The S,,, thereby generated will undergo the two-photon 
cycle, which should cause the repellent rather than the attractant. 
response. This condition is realized in Fig. 5 where a given: 
increase in red light was delivered in the absence and in the 
presence of blue background illumination. A clear suppression 
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Fig.4 Mechanism of colour discrimination in H. halobium photo- ~: 
taxis. Photon absorption by sRss7, the dark-adapted form of sensory 
rhodopsin, generates a short-lived species Sgn which rapidly 
decays to S473. The S47, form can return to the sRsg7 form by either 
of two paths: a purely thermal relaxation or a photoinduced. path. 
If S373 does not absorb a photon, it relaxes thermally to sRsg7 
completing the ‘one-photon’ photocycle. During its transit through 
the one-photon cycle, the sensory rhodopsin molecule generates 
an attractant signal to the flagellar motor. If $3 absorbs a photon, 
it generates the intermediate S2,o. The relaxation of S219 to SReg7 
completes a cycle containing two photon absorption steps. After 
absorption of the second photon in the ‘two-photon’ cycle, sensory 
rhodopsin generates a repellent signal to the flagellar motor. The 
attractant and repellent signals are integrated prior to or:at their. 

site of action on the flagellar motor’, 
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Fig. 5 Effect of near ultraviolet background light on cell 
- behavioural response to red light. Experimental conditions as 
described in Fig. 1 except that the response was assayed as the % 
reversals within 3 s of a red light stimulus. The range of spontaneous 
reversal frequencies of populations used in these studies was 14% + 
7% reversing within 2s. All effects of background illumination on 
behaviour reported here and in Figs 2 and 6 have been confirmed 
in populations with both high and low spontaneous reversal 
frequencies. 


‘of spontaneous reversals occurs in the absence of background 
blue as expected from the one-photon cycle attractant signal. 
The dramatic result is that the same red light stimulus elicits a 
-repellent (reversal-inducing) response in the presence of the 
highest blue light intensity. 

_ Third, delivering both red and blue lights simultaneously at 
the same intensities as Fig. 5. Again the repellent response should 
result since it makes no difference whether the blue light was 
present prior to the generation of S373. 

All the permutations of blue and red light stimuli are shown 
in Fig. 6. Our results can be interpreted in terms of the proposed 
model. Figure 6a gives the spontaneous reversal frequency of 
22%, which is not affected significantly by blue alone. Figure 
6b shows 16%. reversals, because there is essentially no S373 
(some S37, will be generated by the weak sR;,, absorption in 
the blue, but calculations show the amount of 837, formed is so 
little that no two-photon cycling will occur in the time of the 
measurement). The three illumination patterns discussed above 
are shown by Fig. 6c, e and f respectively, all inducing an almost 
complete reversal response. Red light alone significantly sup- 
presses reversals (Fig. 6d). 


Conclusions 
<The experiments we reported previously strongly implicated 
slow-cycling rhodopsin as the attractant receptor for H. halobium 
- phototaxis”’°. The evidence presented here implicates this pro- 
tein as the repellent receptor as well. We prove here that, like 
S373, the repellent receptor is a photoproduct of a.slow-cycling, 
red-absorbing, retinal pigment with the properties of sRsg7. 
From these experiments we propose a mechanism in which 
slow-cycling rhodopsin has two signal transducing forms, one 
= transmitting an attractant signal and the other a repellent signal 
to the flagellar motor (Fig. 4). Increases in the repellent signal 
‘or decreases in the attractant signal induce flagellar reversals. 
Conversely, decreases in the repellent signal or increases in the 
ttractant signal suppress flagellar reversals. Both induction and 
‘suppression. of reversals are transient responses, demonstrating 
adaptation of the cell to the signals. The net effect is that the 
motility apparatus of the cell responds to changes in the numbers 
of slow-cycling rhodopsin molecules undergoing the one-photon 
and two-photon cycles. In view of these results, we suggest the 
original name’ ‘slow-cycling rhodopsinlike pigment’ be changed 





ARBAT CS 
BEHAVIOUR 
a _ NONE I i 22 


97 


95 


90 





Fig. 6 Behavioural response under various permutations of 
stimulus and background light. Values are averages of duplicate 
measurements which vary by less than 15%. Experimental condi- 
tions as. described in Fig. 1 except that reversals were assayed 
within 3 s of the stimulus, blue and red light were delivered using 
a tungsten light source and wavelengths were selected by adding 
or removing filters from the single beam. The Hg light source was 
blocked in this experiment. ‘Blue’, 380-433 nm (Optics Technology 
433 short pass filter+ 2mm Plexiglass+two 1-75 Corning infra- 
red absorbing glass), intensity 3.310‘ erg cm? s". ‘Red’, 
530-700 nm (Corning 3-68+two Corning . 1-75), intensity 
1.0x10° erg cm™* s™', ‘Red+Blue’, The tungsten beam filtered © 
through two Corning 1-75 +2 mm Plexiglass, intensity 1.5 x 10° erg 
cm’ s 


to ‘sensory rhodopsin’ of H. halobium, reflecting more clearly 
the physiological function of the molecule. 

The absorption spectrum of S}, matches closely the ~370 nm 
action spectrum peak reported for phototaxis repulsion”*. 
However, the absorption spectrum of sRss, matches some but. 
not all of the published action spectra for phototaxis attraction. 
The attractant response. was reported to have a single peak at 
~565 nm in wild-type?" and two peaks, one at ~565 nm and 
the other at ~590 nm, near the sRsg, absorption maximum in a 
bacteriorhodopsin-deficient strain’. The disagreement may be 
caused by the presence of bacteriorhodopsin and -halorhodopsin 
which may influence the motility response directly or indirectly. 

Dencher'? and Hildebrand and Schimz'* have proposed that 
two distinct receptors mediate the attractant and repellent 
sensitivities. Our data prove that the retinal-dependent repellent 
receptor is a photoproduct of a red absorbing pigment. Therefore 
their proposal requires the existence of at least one additional 
hypothetical red-absorbing retinal pigment. Our model requires 
only the single identified slow-cycling rhodopsin and, moreover, 
makes several specific quantitative predictions: (1) a delayed 
blue flash following a red flash will change from an attractant 
to a repellent stimulus with delay time predicted by the 20 us 
rise time of S373; (2) mutants deficient in slow-cycling rhodopsin, 
would be predicted to lose both attractant and repellent photo- 
sensitivities, and reversion to normal phototaxis behaviour 
should be accompanied by return of the pigment. 

A remarkable finding from our measurements is that photoex- 
citation of a single molecule of S;,, appears to be sufficient.to 
generate a reversal-inducing repellent signal to the. flagellar 
motor. From the measured intensity (3.6 x 10° erg em™ s~') 
and spectrum of the background ‘red’ illumination (Fig. 1), the 
sRsg7 and S73 molar extinction spectra (Fig. 2b) and the para- 
meters of the photocycle (Fig. 4), we calculate 2% of the sensory 
rhodopsin molecules will be in the S47, form in the photostation- 
ary state at 50% maximal intensity for red background (Fig. 1). 
From the regeneration. of sensory rhodopsin absorption by 
retinal (see Fig. 2 legend) and the sensory rhodopsin extinction 
(54,000 M~'cm™') at that wavelength; we measure 5x10 








mo therefore will be in “the 
$37 form. “From the quantum flux of blue light used for the 
stimulus (Fig. 1) and the measured S,,, extinction in the stimulus 
spectral range (Fig. 2b), we calculate the S,,, population in the 
average cell will absorb only about two photons in the 2-s 
period over which reversals were assessed. Taking the quantum 
efficiency for photochemical reaction to be 0.5+0.2, covering 
the range of all known retinal pigments, only ~0.7-~1.4 S373 
molecules per cell on average would be activated photochemi- 
cally by a stimulus which causes over 50% of the cells to respond. 
Therefore photoexcitation of a single S,,, molecule appears to 
be sufficient to alter the cell’s swimming behaviour. 

The cell is at least an order of magnitude less sensitive to 
attractant than repellent light*”. In our interpretation this means 
the amplification of the S373 signal by the signal transduction 
machinery (Fig. 4) is at least 10 greater than that of sRsg7. The 
relative amplification in the two signalling pathways may depend 
on the specific conditions and stage of cell culture growth 
(unpublished observations). 

The colour-sensing mechanism described here depends on 
the existence of two spectrally-distinct signalling forms of the 
same receptor. This could be a unique property of the sensory 
rhodopsin of halobacteria. Alternatively, the sensory rhodopsin 
mechanism may reflect an inherent potential of retinal/ protein 
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the retinal/opsin chromophore—important to the evolution of 
the rhodopsin family as photosensory receptors. Even retina 
pigment photoproducts which are too short-lived to accumulate. 
under physiological conditions (such as the K, L and M inter- 
mediates formed from bacteriorhodopsin® and the early photo- 
products formed from mammalian rod rhodopsin'*) are photo 
reversible. Invertebrate rhodopsins, like sensory rhodopsin and. 
the non-retinal plant chromoprotein phytochrome, are photo- 
chromic; that is, they have photoreactions with thermal relaxa 
tion sufficiently slow to cause significant photostationary state 
accumulation of their photoreversible conformations'®. The 
sensory rhodopsin mechanism, preserved in the archaebac-. 
terium H. halobium, may have provided a primitive colour- 
sensing capability. In the evolution of visual systems, this. 
mechanism may have been maintained in some organisms but. 
replaced in others by multiple receptor mechanisms with 
increased colour resolution. 
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A series of rat neuro/glioblastomas all contain the same transforming gene (neu) which induces synthesis of a tumour. 
antigen of relative molecular mass (M,) 185,000 (p185). The neu oncogene bears homology to erb-B and the tumour _ 
antigen, p185, is serologically related to the epidermal growth factor (EGF) receptor. The two proteins, EGF receptor and. 
p185 appear to be distinct, as they coexist in nontransformed Rat-1 cells. 









GENE transfer (transfection) has revealed the presence of 
oncogenes in the-genomes of a variety of spontaneous and 
chemically induced tumours. Many of these oncogenes are allelic 
versions of one of the three genes belonging to the ras gene 
family. In several cases, the functional differences between these 
oncogenes and their cognate proto-oncogenes derive from single 
nucleotide changes, mutations which apparently have occurred 
in the target tissue as one of the steps of carcinogenesis (reviewed 
in refs 1, 2). 

_ We have been investigating a family of transforming genes in 
‘the genomes of several rat neuro/ glioblastoma cell lines derived 
from tumours- induced by ethylnitrosourea (ENUY. Injection 








of pregnant BDIX rats with this carcinogen during day 15 of: - 


gestatie n results in the appearance of neuro/glioblastomas in 
















the offspring. DNA prepared from four neuro/ glioblastoma. cell 
lines transforms NIH 3T3 cells when introduced by transfec- 
tion*, but Southern blot analysis of the genomes of the trans- 
formed cells gave no indication of the presence of acquired ras. 
oncogenes (A.L.S. and L.V., unpublished results), suggesting 
that a ras gene was not involved in the transforming activity. 
The four independently activated neuro/glioblastoma 
oncogenes exhibited a common pattern of sensitivity or resist- 
ance to inactivation by restriction enzyme cleavage (C. Shih and 
R.A.W., unpublished data), suggesting that all are allelic ver- 
sions of a common antecedent gene. We have applied the term 
‘neu’ to this group of apparently related genes. 
These neuro/glioblastoma oncogenes are associated with. 
the expression of a common tumour antigen’. NIH 3T3 -cells 
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young mice, the sera from which precipitated a Poraa 
f relative molecular mass ( M,) 185,000 (185K) from lysates of 
all NIH 3T3 lines that carry the neuro/ glioblastoma oncogenes. 
This protein, designated p185, was detected neither in untrans- 
formed NIH 373 cells nor in NIH cells transformed by various 
ras oncogenes. Furthermore, when ras-transformed NIH 3T3 
ells were used to seed tumours in mice, no serum reactivity to 
pi85 was induced. Thus, synthesis of p185 is strongly associated 
with the presence of the neuro/glioblastoma oncogenes’. 

. Results from several laboratories have shown that the cellular 
homologues of certain oncogenes first identified in retroviral 
genomes are also important in the genesis of spontaneous and 
“chemically induced tumours (reviewed in refs 1, 2). One of these 
retrovirus-associated oncogenes is erb-B, which was recently 
shown to be homologous with the cellular gene encoding the 
epidermal growth factor (EGF) receptor®. The EGF receptor 
and p185 have similar molecular weights, and they are both 
phosphorylated cell-surface glycoproteins (refs 7-11 and A.L.S., 
D.F.S. and R. Negrin, unpublished data). Thus, we suspected 
a possible relationship between erb-B and the neu oncogenes. 
We report here on the homology of the new and erb-B genes 
and on the relationship of p185 to an erb-B gene product, the 
EGF receptor. 


‘Homology with erb-B 


‘assible homology between erb-B and neu was tested by 
Southern blot hybridization. DNA was prepared from a panel 
of NIH 3T3 cells, each of which had been transformed by DNA 
from one of the rat neuro/glioblastoma cell lines. The DNAs 
were digested with endonuclease EcoRI before electrophoresis. 
Figure 1c-p shows that NIH 3T3 cells that have been trans- 
formed by the neuro/ glioblastoma DNA carry an EcoRI frag- 
ment that reacts with an erb-B-specific sequence probe. The 
variability in size of the new EcoRI fragments probably results 
from rearrangements in sequences flanking the transforming 
gene which occur during transfection. Such variability has been 
‘observed previously in cells transfected with the EJ bladder 
carcinoma oncogene’? An erb-B-homologous fragment of 
“similar size is present in , much smaller amounts in untransfected 
NIH 3T3 cells (Fig. 1q). 

_ To distinguish between the rat and mouse erb-B homologues 
‘and to ensure that the large EcoRI segments shown in Fig. |ce-p 
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Fig. 1 Southern blot analysis of erb-B-related sequences in 
NIH 3T3 cells transformed with rat neuro/ glioblastoma DNAs; 
EcoRI digestion. The DNAs analysed were obtained from the 
following: a, BDIX rat liver; b, B104; c, d, primary transfectants 
of B104 (B104-1 and B104-3); e, f, secondary transfectants of B104 
(B104-1-1l and B104-1-2); g, h, primary transfectants of B103 (B103- 
5 and B103-1); i, j, secondary transfectants of B103 (B103-1-1 and 
B103-1-2); k, B50-1, a primary transfectant of B50; I, m, secondary 
transfectants of B50 (B50 6a-2 and B50 6a-3); n, o, primary trans- 
fectants of B82 (B82-1 and B82-3); p, B82-3-2, a secondary transfec- 
tant of B82; q, NIH 3T3. M, standards comprising A phage HindIII 
restriction fragments are shown on the left. 

Methods: High-molecular weight DNA (10 ug) was digested with 
endonuclease EcoRI, fractionated by electrophoresis in 0.9% 
agarose gels, and transferred to nitrocellulose paper. The filters 
were hybridized at low stringency (30% formamide, 5 xSSCPE, 
42°C) for 36h with an erb specific probe (a Saci-Poull 1.8-kb 
subclone of avian erythroblastosis virus?) nick-translated with 
*p.dCTP. The filters were then washed three times at 20°C for 
10 min and for Sh at 50°C in 2xSSCPE. The filters were exposed 

to Kodak X-Omat AR for 3 days at -70 °C. 


are of donor rat origin, we treated the DNA of the transfected 
cells with endonucleases EcoRI and BamHI before Southern 
blot analysis. This analysis confirmed that the transfected cells 
carry an acquired 4.4-kilobase(kb) BAM/RIDNA segment 
which has no counterpart in the genome of the recipient mouse 
cells (Fig. 2), Thus, 14 independently transfected cell lines shown 
to express high levels of p185 have acquired a DNA segment 
exhibiting some homology with the erb-B probe. Because these 













Human cervical carcinoma line 
Human prostate carcinoma line 
Human breast carcinoma line 
Human bladder carcinoma line 
Human colon carcinoma line 
Human melanoma line 


Table 1 Immunofluorescent staining of rat and human cell lines by antibody 7.16.4 
Cell lines Description Immunofluorescence 

B104 neu* rat neuroblastoma . + 
B82 neu” rat neuroblastoma | neu detected by transfection + 
B50 neu* rat neuroblastoma + 
B15 neu” rat EEA neu not detected by transfection EEF 
B65 neu” rat neuroblastoma ++ 
B104-1-1 NIH 3T3 transfectant of neu* DNA +++ 
NIH 373 Mouse fibroblast cell line - 
Rat{B104)-2 Rat-1 transfectant of neu* DNA ttt 
Rat(B104)-3 Rat-1 transfectant of neu* DNA +++ 
Rat(B104)-4 Rat-1 transfectant of neu* DNA +++ 

Rat fibroblast cell line + 

Rous sarcoma virus-induced rat neuroblastoma Fp 













-4 Celt lines were prepared for FACS analysis on a Coulter Epics V Cell Sorter as described in ref. 11. Immunofluorescence was quantified by 
“subtracting the median fluorescence channel of populations stained with FITC-conjugated rabbit anti-mouse immunoglobulin alone (negative 
--gontrel) from the median fluorescence channel of populations stained with monoclonal antibody 7.16.4 followed by FITC-conjugated rabbit 
“anti-mouse (positive staining). The resulting net fluorescence channel was expressed according to the following scale: ~, less than two channels; 
ob, S-10 channels; ++, 11-15 channels; +++, 16-20 channels; ++++, >20 channels. 




















































ral independent transfections of four 
nt néuro/ glioblastoma tumour DNAs, we concluded, as 
we had speculated, that a common oncogene is present in the 
genomes of the four donor neuro/glioblastomas. 

The erb-B oncogene probe reacts with at least two fragments 
produced by EcoRI cleavage of rat DNA (Fig. la, b) which are 
respectively 7 and 34 kb long (M-C. Hung and A.L.S., unpub- 
lished results). The 34-kb fragment is of identical size to the rat 
DNA segment found in transfected NIH 3T3 cells and must 
represent the normal counterpart to the DNA segment bearing 
the neu oncogenes. Because EcoRI does not inactivate the neu 
oncogene (C. Shih and R.A.W., unpublished results), we con- 
clude that this oncogene lies entirely within the 34-kb EcoRI 
fragment. The 7-kb erb-B-related DNA segment may represent 
a distinct but related gene. The Southern blot analysis does not 
indicate which of these erb-B-homologous segments encodes 
the EGF receptor, so that we could not confirm whether the neu 
gene is identical with, or only related to, the gene encoding the 
EGF receptor. 





p185 and EGF receptor are related 


The homology between erb-B and neu suggested that the EGF 
receptor, a known erb-B gene product, might be related to p185, 
the protein induced in cells transfected with neu. Two different 
antibody preparations were used to examine this possibility. 
Monoclonal antibody 7.16.4 was derived from mice immunized 
with B104-1-1 cells (a cell line derived by two serial passages 
of the neu oncogene through NIH 3T3 cells; ref. 4). The reac- 
tivities of the 7.16.4 antibody are indicated by the immuno- 
fluoresence data shown in Table 1. The antibody recognizes a 
cell-surface determinant displayed by rat neuro/glioblastomas, 
by a variety of normal and transformed rat cell lines and by 
NIH 3T3 cells transformed by the rat oncogene; it does not 
react with normal NIH 373 cells or with a variety of human 
tumour cell types, including the A431 cells known’** to display 
large amounts of EGF receptor. The 7.16.4 antibody appears to 
react with a rat-specific determinant of p185. Further characteriz- 
ation of this antibody is reported elsewhere’. The second source 
of antibody was polyclonal anti-EGF receptor serum raised 
against EGF receptor purified from human A431 cells; this 
serum reacts with human and rodent EGF receptor’. 

We used these sera to elucidate the relationship between the 
EGF receptor and p185. Lysates of B104-1-1 cells, metabolically 
labelled with *°S-cysteine, were incubated with normal mouse 
serum, serum 7.16.4 or anti-EGF receptor serum; p185 was 
precipitated by the 7.16.4 serum (Fig. 3h), but not by the control 
serum (Fig. 3g). Incubation with anti-EGF receptor serum (Fig. 
3i) yielded a protein that co-migrated with p185. This suggested 
that the p185 induced by the rat neu oncogene shares antigenic 
determinants with the human EGF receptor. 

To confirm that the two immune sera recognize the same 
protein in B104-1-1 cells, labelled lysates cleared by incubation 
with one antibody were subsequently reacted with the other. 
For example, the supernatant remaining after incubation with 
antibody 7.16.4 was then reacted with the anti-EGF receptor 
serum, which did not precipitate a 185K protein from the lysate 
(Fig. 31). However, anti-EGF receptor did precipitate the 185K 
protein from a lysate cleared with normal serum (Fig. 3k). 
Similarly, p185 could be precipitated by 7.16.4 serum from a 
lysate that had been cleared with normal serum (Fig. 3m), but 
not from a lysate that.had been cleared with anti-EGF receptor 
serum (Fig. 3n). (The decreased intensity of specific and non- 
specific bands in lanes k to n of Fig. 3 compared with lanes g 
to j indicates that nonspecific losses occurred during the second 
round of immunoprecipitation.) These results confirm that an 
anti-EGF receptor serum reacts with p185. Thus, we conclude 
that. p185 and EGF receptor have antigenic determinants in 
common. 
though p185. and EGF receptor are serologically related, 
they have different electrophoretic mobilities. The rat EGF 
receptor has an apparent M, of ~170,000, while p185 is some- 














Fig.2 Southern blot analysis of erb-B-related sequences; EcoRI 
plus BamHI digestion. The DNAs analysed were: a, BDIX rat 
liver; b, B104; c, B104-1; d, NIH 313. High-molecular weight DNA 
(10 pg) was digested with restriction endonucleases EcoRI and 

BamHI and analysed as described in Fig. | legend. 
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Fig. 3 > Immunoprecipitation of pl85S and EGF receptor. 
Lysates of **S-cysteine-labelled cells were incubated with antibody 
and subsequently precipitated. Lane a, NIH 3T3 cells incubated 
with normal mouse serum (NMS); b, NIH 3T3 cells incubated 
with antibody 7.16.4; c NIH 3T3 cells incubated with anti EGF 
receptor antiserum; d, Rat-1 cells incubated with NMS; e, Rat-1 
incubated with antibody 7.16.4; f, Rat-1 incubated with antisEGF 
receptor serum. g-n, B104-1-1 incubated with the following: g, 
NMS; h, antibody 7.16.4; i, anti-EGF receptor serum; j, NMS; k, 
supernatant from g, incubated with anti-EGF receptor; l, super- 
natant from h, incubated with anti-EGF receptor; m, supernatant 
from j, incubated with antibody 7.16.4; n, supernatant from i, 
incubated with antibody. 7.16.4. 
Methods: 3 x 10° cells (B104-1-1) or 3 x10% cells (NIH 3T3 and 
Rat-1) were seeded in 60-mm culture dishes and labelled for 18h 
in 0.8 ml of Hank’s minimal essential medium containing 0.1 the 
usual amount of cysteine, 2% dialysed fetal calf serum, and 250 pCi 
5§-cysteine (977 Ci mmol”'; NEN) per ml. Cells were lysed in 
phosphate-buffered RIPA buffer containing | mM ATP, 
2mM EDTA and 20 mM sodium fluoride and immunoprecipitates 
prepared and washed as described elsewhere**. Portions of the 
lysates were incubated with NMS (1 yl), antibody 7.16.4 (concen- 
trated, | wl) or 3 pl anti-EGF receptor antiserum for 60 min, then 
with 1 wl of sheep anti-mouse immunoglobulin (Cappel). Incuba- 
tion was continued for 30 min, after which immunoprecipitates 
were collected using fixed Staphylococcus aureus. Precipitates were 
prepared from 300,000 cells (lanes af), 60,000 cells (g, h, k and 
1) or 30,000 cells (i, j, m and n). (Samples in g — n were all derived 
from the same original lysate.) Precipitates in lanes k and | were 
prepared from supernatants remaining after precipitation of the 
lysates shown in lanes g and h. Precipitates in lanes m and n were 
prepared from lysates first precipitated to yield the samples shown 
in lanes j and i, respectively. The samples were analysed by SDS- 
polyacrylamide gel electrophoresis in a 7.5% acrylamide- 0.17% 
bisacrylamide gel. The gel was fluorographed** and exposed to 

preflashed film for 7 days at —70 °C. 





























































at larger; this di 
possible that the mutation(s) leading to activation of the neu 
oncogene grossly affect the structure of the encoded protein so 
that a gene normally encoding an EGF receptor-sized protein 
might, after oncogenic activation, encode a protein the size of 
pigs. Alternatively, the neu oncogenes might derive from a 
distinct proto-oncogene that normally encodes a 185K protein. 
To distinguish between these possibilities, we examined two 
nontransformed fibroblast cell lines, hoping to identify possible 
normal protein homologues of p185. We have not yet been able 
to identify large proteins specifically precipitated from NIH 3T3 
celis by either antibody 7.16.4 or anti-EGF receptor serum (Fig. 
3a~c). However, these antibodies do recognize proteins present 
at low levels in untransformed Rat-1 cells. The anti-EGF recep- 

tor preferentially precipitates a protein of 170K (Fig. 3f) which 
has a slightly greater mobility than the EGF receptor precipitated 
from A431 cells (D.F.S., unpublished results) and is probably 
“the rat EGF receptor. In contrast, antibody 7.16.4 precipitates 
a protein (Fig. 3e) that migrates slightly more rapidly than p185 
“(lanes h, i), but this antibody does not precipitate the putative 
EGF receptor. These data indicate that the two sera recognize 
distinct proteins in Rat-1 cells, and support the notion that p185, 
induced by the neu oncogene, stems from a protein of similar 
‘size present in normal cells. The normal protein may be distinct 
‘from the EGF receptor. 


Implications 

The neu gene was found to be activated in cell lines derived 
from four of six independent rat neuro/glioblastomas, the DNAs 
of which were tested by transfection*. Thus, neu activation is a 
‘frequent occurrence when the ENU pulse carcinogenesis pro- 
tocol is used to induce neuroectodermal tumours in rats. Induc- 
tion of tumours in rodents by defined chemical or radiological 
egimes has, in other instances, resulted in reproducible activa- 
tion of particular oncogenes'®'’, but, hitherto, only ras gene 
activation has been reported. 

The activation of the neu oncogenes in ENU-treated rats is 
f special interest because this experimental model of car- 
‘cinogenesis has been characterized in great detail. These 
neuro/glioblastomas are induced by exposure to ENU during 
a well-defined window of time in late fetal and early postnatal 
development. Studies by Rajewsky and co-workers indicate that 
proliferation of target blast cells and the absence of a DNA 
- repair system in embryonic rat brain cells strongly influence the 
inetics of tumour induction'*, Moreover, these investigators 
have developed an in vitro culture system in which brain cells 
are explanted from fetal rats following transplacental 
mutagenesis with ENU. These cultures undergo a series of 
changes and ultimately yield tumorigenic clones with the same 
-lag period as that required for induction of tumours in vivo!” 
‘By using this culture system, it may be possible to determine 
whether neu activation is an early or late event in tumorigenesis, 
and whether early identification of premalignant cells is possible 
using p185-specific antibodies. 

We have found that there is nucleic acid sequence homology 
between neu and erb-B oncogenes, and that the EGF receptor, 
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srence could arise from two sources. It is 


neu-associated tumour antigen, ‘piss. These “results stron 
suggest that p185 is a product of the neu oncogene. 

The erb-B probe recognizes at least two DNA fragments in. 
the rat genome, one of which encompasses a biologically active 
neu oncogene. This raises the possibility that there may be more 
than one functional erb-B-related gene in the rat genome, and- 
that the gene which specifies EGF receptor is partially or com- 
pletely separate from the neu proto-oncogene. : 

The data of Fig. 2 indicate that the anti-EGF receptor and 
7.16.4 antibodies recognize distinct proteins that coexist in non- 
transformed Rat-! cells. This suggests that the differences 
between the EGF receptor and a p185-like protein can be 
observed in cells that have not undergone oncogenic transforma- 
tion. We consider it possible that the two proteins, while related 
to one another in structure, are made on distinct templates within 
the same cell and derive, at least in part, from distinct sequences 
in the DNA. Further structural characterization of the two 
proteins is under way. 

Whether neu is an allele of the gene that encodes EGF receptor 
or a second related gene, the similarities between p185 and EGF 
receptor suggest that the normal neu gene product is a growth 
factor receptor. We speculate that the neu transforming protein 
functions by delivering a mitogenic signal to the interior of the 
cell, even in the absence of appropriate stimulation by the 
cognate growth factor-—this would be analogous to the finding 
that the v-erb-B gene product lacks the EGF-binding domain 
of the receptor and must therefore be insensitive to the presence 
of EGF*. 

The role of growth factor receptors in spontaneous 
tumorigenesis was previously inferred from the findings that a 
human vulval carcinoma cell line (A431) +, human squamous 
cell carcinomas” and human glial tumours”! have large numbers 
of surface EGF receptors. Taken together with our findings, 
these results indicate that activation of growth factor receptors 
may be a frequent occurrence in tumorigenesis. Unlike the ras 
gene product, polypeptide growth factor receptors possess 
extracellular domains. It is possible that altered growth factor 
receptors bear novel tumour-specific antigens that can be iden- 
tified by monospecific antisera. In contrast to most tumour- 
associated surface antigens, which are probably incidental to 
the transformation of a cell, the expression of p185 and 
analogous proteins seems to be intrinsic to the establishment 
and maintenance of the transformed state. This may make it 
possible specifically to alter the growth properties of these cells 
with immunological reagents that recognize determinants 
expressed on their surface. 
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Hybridomas were produced from spleen cells of x transgenic mice to investigate expression of the transgenic x gene, its 
_effect on allelic exclusion and its effect on the control of light-chain gene rearrangement and expression. Our. results sh 
_ that the transgene is expressed normally and that the production of a complete immunoglobulin molecule turns off light-che 
gene rearrangement. 














B LYMPHOCYTES must correctly juxtapose three heavy-chain Hybridoma immunoglobulin 
ne segments’ Va, Dy and JyCy, and two light-chain gene 
egments” V,, and Jy C, it order to produce the two identical Hybridomas were produced from the spleens of three different 
polypeptides and two identical light chains that assemble transgenic mice. We first tested hybridomas for pBR322 DNA | 
a complete immunoglobulin molecule. B lymphocytes (included on the microinjected «DNA-to serve asa marker for 
exhibit allelic and isotypic exclusion—out of two possible heavy- the presence of the injected gene)(data not shown) and selected 
‘chain alleles and eight possible light-chain alleles (two « and for further analysis 24 clones retaining the microinjected gene 
ix A), a single B cell expresses only one heavy chain together and two clones that had lost the chromosome bearing the micr 
with one light chain”. We seek here to distinguish between two injected gene. Based on secreted « chains, three types’ of 
suggested mechanisms for allelic exclusion. A stochastic model hybridoma are demonstrated (Fig. 1): cells which secrete the 
assumes that the chance of two functional rearrangements of a transgenic « chain, cells which secrete an endogenous « chain 
heavy- or light-chain gene in the same B cell may be so low that and cells which secrete no x chain. Of 20 secreting hybridomas, 
the outcome is exclusion of the other alleles and isotypes in the none was found which secretes both transgenic and endogenow: 
“Majority of B cells, because rearrangement is highly error- x chains. The transgenic x secretors (Fig. 1, lanes 17- 20) secrete 
prone"? Another postulated mechanism involves a direct feed- the transgenic « chain and have only this « chain in thei 
“from a functionally rearranged gene or its protein product cytoplasm. The endogenous x secretors secrete x chains havin 
“which shuts off ‘further immunoglobulin gene rearrange- isoelectric points different from the MOPC21 « chain and from 
s'*6 Details of the possible mechanisms for allelic each other (lanes 9-16); they can be divided further into two 
exclusion have been widely discussed*'*""’. groups on the basis of the presence (lanes 14 and 16) or absenc 
` "To determine whether a functionally rearranged light-chain (lanes 10 and 12) of the transgenic « chain in the cytoplasm. 
gene influences other immunoglobulin gene rearrangements, we The non-secretors (four hybridomas) secrete no « chains ‘bu 
‘have microinjected a functional « gene (cloned from the have traces of transgenic x chains in the cytoplasm (lanes 5-8) 
myeloma MOPC-21) into fertilized mouse eggs and produced Because the samples in Fig. 1 were reduced, we could not 
K transgenic mice'®'?. A functionally rearranged x gene is eliminate the possibility that the hybridomas are secreting free 
herefore present in all B cells of these mice before any light chains. The primary structure of immunoglobulin light. 

endogenous immunoglobulin genes. begin to rearrange. In the chains controls their secretion”. Indeed, a single amino acid 
present work we made hybridomas from spleen cells of these substitution in the variable region can prevent secretion of free: 
transgenic mice to investigate the expresssion of the «-transgene light chain?', We have used a property of the MOPC-21 light | 
ona single cell level, its:effect on allelic exclusion and its effect chain which is not secreted’ as free light chain but is. readily” 
on the control of light-chain gene rearrangement. secreted in association with heavy chains*’. When the proteins 











































































Table 1 





Summary of hybridomas 

































No. 
Hybridoma Cytoplasmic Secreted Endogenous Heavy chain Heavy chain tested for 
sample « chains « chains pBR322 K genes mRNA protein heavy-chain 
Type size T E T E DNA rearranged H Y H Yy protein Total 
Transgenic 1 fram mouse 48 + ~ + = + = 4 7 4 6 10/11 fl 
Ky secretors 3 from’ 54 
7 from $5 
Endogenous | from 48 ~ + ~ + + + 2 0 2 0 
Ky secretors I from 55 
Endogenous 2 from 48 + + ~ + + + 5 2 _ — 
free x 4 from 54 
sectetors 1 from 55 
Nonsecretors 1 from 54 Pon = ~ S + 2+ 2 2 = E 


3 from 55 2+ 


1 from 48 $ $ = ~ = + 1 i = ~- 
1 from 54 





the different kinds and numbers of r aybadoma. analysed from x ‘transgenic mice, Cytoplasmic and secreted K chains were analysed as described i i 
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Fig. 1 Isoelectric focusing protein blot of cytoplasmic and 
secreted x chains from transgenic hybridomas. Each box of four 
lanes contains secreted and cytoplasmic «x chains from two 
hybridomas that represent a particular type. Even-numbered lanes 
are cytoplasmic proteins; odd-numbered lanes are hybridoma 
supernantants (S). Lanes P3, 21 and 22 contain the P-3 cell line, 
_a derivative of MOPC-21 that expresses the V,M.21 light chains. 
Lanes 1, 2, fusing line SP2/0, producing no x chain; lanes 3, 4, a 
control hybridoma that lost the microinjected gene and secretes 
no x chains; lanes 5-8, two non-secretors; lanes 9-12, two 
endogenous « secretors having no cytoplasmic transgenic « chains; 
lanes 13-16, two endogenous «x secretors that have cytoplasmic 
transgenic « chains (1) but no secreted transgenic « chains; lanes 
17-20, two transgenic « secretors. 

Methods: Because we needed to use hybridoma technology to 
: isolate a representative B-cell population from the spleens of 
transgenic mice, three different transgenic mice (numbers 48, 54 
and 55; refs 18, 19) were immunized with the polyclonal activators 
lipopolysaccharide, LPS (5.0 pg) or sheep red blood cells (0.2 mi 
of 30% suspension). Mice were given a booster 1 week later, killed 
3 days thereafter and spleen cells prepared, fused with the fusing 
line SP2/0-Agl4 (ref. 29) and hybridomas selected in hypoxan- 
thine-aminopterin-thymidine medium (ref. 34 and S. Settle and 
J. Brown, personal communication). To analyse cytoplasmic pro- 
teins, hybridoma cells were washed twice in phosphate-buffered 
saline, PBS (0.01 M sodium phosphate, 0.15 M NaCl, pH 7.2), 
pelleted, resuspended in 20 ul PBS and lysed with 100 ul of Non- 
idet P-40 (NP40) lysis buffer (0.5% NP40, 50mM Tris, pH 8.0, 
150mM NaCl, 5mMEDTA, 50M phenylmethyisulphonyl 
fluoride). After 30 min on ice, nuclei and debris were pelleted. 
15 ul of hybridoma supernatant and 5 yl of cytoplasmic protein 
were reduced with 15 yl isoelectric focusing (IEF) sample buffer 
(8M urea, 1.5 M 2-mercaptoethanol, 0.1 M potassium phosphate, 
pH 8.0) and loaded onto a horizontal polyacrylamide isoelectric 
focusing gel (5% acrylamide, 4 M urea, 1.6% ampholines, pH 3.5- 
10, 0.4% ampholines pH 4-6, 1% Triton X-100, 0.014% 
ammonium persulphate, 0.1% N,N, N’, N’-tetramethylethyl- 
enediamine (TEMED)) and focused to equilibrium on an LKB 
Multiphor apparatus. After focusing, the proteins were electroblot- 
ted onto nitrocellulose in 0.7% acetic acid. Protein blots were 
blocked with 1% bovine serum albumin, 1% gelatin, probed with 
a rabbit anti-mouse Cy, antiserum, followed by a goat anti-rabbit 
horseradish peroxidase conjugate and developed with HRP Colour 
Development Reagent and H,Q, according to a procedure from 

BioRad. 


are analysed without reduction of S-S bonds, we find that in 
both secreted and cytoplasmic proteins of transgenic k secretors, 
the transgenic « chain is associated with a heavy chain ( or y) 
(Fig. 2, lanes 1-4). All hybridomas of this type tested secrete 
-the transgenic « chain in association with heavy chain and do 
fot secrete free light chains. Endogenous « secretors that also 
‘have cytoplasmic transgenic « chains do not have associated 
heavy chains (Fig. 2, lanes 5-8). We conclude that the 
endogenous « chains are secreted as free light chains, whereas 
the transgenic x chain alone is retained in the cytoplasm. These 
secretors.of free endogenous « have heavy-chain mRNA (Table 
1) but.a protein blot of reduced secreted and cytoplasmic protein 
_oprobed with rabbit anti-mouse u-, y- or a-chain failed to detect 
any heavy chains in any hybridomas of this type (data not 
shown). Endogenous « secretors that have no cytoplasmic trans- 
_-genic:« chains secrete their endogenous x chains in association 
‘with u heavy chain (Fig. 2, lanes 9-12). Two non-secreting 
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Fig. 2 Protein blot of unreduced hybridoma supernatants and 
cytoplasmic proteins. Each box of four lanes contains secreted and 
cytoplasmic proteins from two hybridomas of a particular type. 
Even-numbered lanes are cytoplasmic proteins; odd-numbered 
lanes are supernantants. Lane A, P-3 supernatant plus MOPC-41 
free light chain (Litton Bionetics). Lanes !-4, two representative 
transgenic « secretors; lanes 5-8, two endogenous free light-chain 
secretors having cytoplasmic transgenic « chains; lanes 9-12, two . 
endogenous « secretors having no cytoplasmic transgenic x chains: 
lanes 13-16, two non-secretors (the amount of transgenic « in the 
cytoplasm is insufficient to be detected in this gel system, probably 
because the light chains migrate over a wide range, and are not 
concentrated into a tight band as in IEF gels); lanes 17, 18, a 
hybridoma that has lost the transgenic « gene: lanes 19, 20, fusing 
line SP2/0. MM, IgM monomer; «2, «-chain dimer; x, « monomer. 
Methods: Supernatants and cytoplasmic proteins were prepared 
as described in Fig. 1 legend. 20 ul of supernatant and 15 yl of 
cytoplasmic proteins were run unreduced on a 1% agarose, 2.5% 
acrylamide gel (containing 0.2M potassium phosphate, pH 7.2, 
0.1% SDS, 0.5 M urea, with a running buffer of 0.075 M sodium 
potassium phosphate, pH 7.2, 0.1% SDS and 0.5 M urea). The 
proteins were electroblotted in 25 mM Tris base, 192 mM glycine, 
20% methanol towards the anode, probed and developed as in 
Fig. 1. The rabbit anti-mouse « antiserum does not cross-react with 
any other heavy or light chains (data not shown). 


hybridomas do not produce heavy chains (Fig. 2, lanes 13-16). 
No « or heavy-chain protein is observed in a hybridoma that 
has lost the transgenic gene (Fig. 2, lanes 17, 18) and no « or 
heavy chain is detected in the fusing line (Fig. 2, lanes 19, 20). 


Hybridoma transcription 


In order to determine which « genes are transcribed, we hybrid- 

ized total RNA from each hybridoma on Northern blots with 

cDNA probes for x, A and three Cy genes (u, y2b and a){data 

not shown). The fusing line SP2/0 contributes C, transcripts, 

a V, M.21 homologous transcript and a AI transcript; transcripts: 
from endogenous light-chain genes therefore cannot be distin- 
guished. However, the fusing line did not produce u or y mRNA. 
All hybridomas produced at least one type of C,,-containing 
transcript (Table 1). In those hybridomas which produce heavy 

chains, the heavy-chain transcripts are consistent with the pro- 
tein detected. Those hybridomas that have no heavy-chain pro- 

teins and secrete free endogenous « chain do have full-sized u 
or y mRNA. Probably, these heavy-chain mRNAs are derived 

from faulty heavy-chain gene rearrangements and are apparently. 
not translated into. recognizable heavy chains. 
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Fig. 3 Southern blot analysis of DNA from transgenic 
hybridomas. Left, DNA from seven different endogenous x 
secretors; right, from seven different transgenic « secretors. The 
SP2/0 lane indicates C, genes contributed by the fusing line, not 
all of which are maintained in the hybridomas. Kidney DNA from 
a heterozygous transgenic mouse indicates bands from the SJL 
allele (lower E), C57BL/6 allele (upper E) and the integrated « 
gene (T). The hybridomas shown either were derived from a spleen 
¿cell donor homozygous for the C57BL/6 allele, or have lost the 
chromosome bearing the SJL « gene. All transgenic DNAs have 
the 5.2-kilobase Bam fragment from the functionally rearranged 
transgenic « gene. Note that this fragment is absent from SP2/0. 
“Endogenous rearranged « genes. DNA was prepared from 
hybridoma cell lines as described previously’, digested with restric- 
tion endonuclease BamHI, electrophoresed at 20 ug DNA per lane 
in a 0.9% agarose gel, blotted onto nitrocellulose and probed with 
C, sequence (M13-CK)'®. 


Characterization of hybridoma light-chain genes 


It was important to determine directly whether the microinjected 
« gene had an effect on endogenous immunoglobulin gene 
rearrangement. DNA from all hybridomas was digested with 
several restriction endonucleases and analysed on Southern 
blots. We found rearranged endogenous C, genes among the 
“endogenous « secretors (Fig. 3). Among the transgenic « chain 
secreting hybridomas, we have detected no endogenous « gene 
rearrangements on testing with BamHI (Fig. 3), EcoRI and 
Pvull (not shown) restriction enzymes. All DNAs were also 
restricted with the enzymes HindIH and Sacl and probed with 
a DNA sequence corresponding to the 5’ half of the J,- C, intron 
(data not shown). Again, no rearrangement of endogenous x 
genes was seen in transgenic secretors, whereas hybridomas 
producing endogenous x chains did show x gene rearrange- 
ments. No rearrangement of endogenous A light genes in any 
hybridomas have been detected using Southern blot analysis of 
A light-chain genes with restriction endonucleases BamHI and 
Xbal, and using a V, probe (data not shown). Finally, Southern 
blots probed with a Ją probe indicate that the different transgenic 


Fig. 4 Various types of transgenic hybridomas 
within the context of normal B-cell development. 
Functionality is defined by the ability to be part of 
a complete immunoglobulin molecule. H, Heavy 
chain; T, transgenic « chain. The T~ symbol’ does 
not mean that the transgenic x genes rearrange, but 
represents the chance occurrence that a particular B 
cell inactivates the transgenic x gene by some event. 
E, Endogenous light-chain genes. During the normal 
programme of B-cell development, a transgenic B 
cell undergoes three major events: rearrange a heavy- 
chain gene; activate or, by chance, inactivate the 
transgenic gene; and finally, rearrange (or not re- 
arrange) endogenous light-chain genes. Options at 
each of these events produce the various types of B 

cells on the right. Allelic and isotypic exclusion is 
-the result of forming a complete antibody molecule. 
Unrearranged; *, functionally rearranged; ~, non- 
<<. functionally rearranged gene (nomenclature of ref. 

ae kd + Cell types found; +, cell types not found, that 

; . 4s; rearrangement stops. 
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K Secretors have rearranged different VDJ, genes (data not 

















shown). : 
The analysis of the various types of hybridomas (Table i 
can now be summarized: in transgenic x secretors, heavy chains 
are made which then associate with transgenic x chains andthe 
complete immunoglobulin molecule is secreted; no endogenous 
light chains are detected and no endogenous light chain genes 
are rearranged. In endogenous « secretors that secrete free light- 
chain, no heavy chains are made, the transgenic « chain ‘is: 
present in the cytoplasm but not secreted and endogenous. « 
genes are rearranged. In endogenous x secretors that secret 
whole immunoglobulin, heavy-chain proteins are made, the 
transgenic gene is present but not expressed into protein and 
endogenous « genes are rearranged, expressed and assembled 
into a complete immunoglobulin molecule. In non-secreting 
hybridomas, heavy chains have not been detected, the transgeni 
« is present in the cytoplasm but not secreted, no endogenou: 
« chains are found in the cytoplasm but endogenous «. gene 
are present in either a germ-line or rearranged context. Thes 
data are consistent with. the hypothesis’*"'® that a complete 
functional immunoglobulin (not just a functional light chai 
has a role in turning off rearrangement. Cell types that have not . 
been detected are first, transgenic « secretors with cytoplasmic 
endogenous « chains, suggesting that in cells where the microi 
jected gene is completely functional, endogenous x chains-are | 
not produced; second, hybridomas that secrete both transgenic. 
and endogenous « chains, that is, allelic exclusion is observed 
and third, hybridomas that secrete A light chains. It is knowr 
that x transgenic mice have normal amounts of A mRNA: in: 
their spleen and A chains in their serum (S. Ogden, K.A.R. and: 
U.S., unpublished observations), but a A-secreting hybridoma 
has not been found, perhaps because too few hybridomas have 
been characterized. 
















































Conclusions 


The isolation of B-cell hybridomas that express the’ micro. 
injected x gene described here confirms previous findings tha 
the gene is expressed in B cells'*'®. We assume that the 
hybridomas represent a random sampling of B cells present in 
the transgenic mice; particularly that the transgenic « secretors 
represent mature B cells and not pre-B cells immortalized by 
cell fusion before they had rearranged endogenous « genes. 
First, preliminary data from Abelson virus-transformed, trans 
genic bone marrow cells demonstrate that pre-B cells exist which 
have u mRNA but no transgenic « transcripts (O. Witte, 
K. Dennis, J. St Claire, R.L.B, and U.S., unpublished. results) 
Second, endogenous « genes rearrange in hybridomas having 
no heavy chain but two different x chains, whereas transgenic 
« secretors have neither endogenous « gene rearrangements no 

cytoplasmic endogenous « chains. Third, several of the trans- 
genic x secretors produce y mRNA and protein, which indicate 
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and ‘T cells in transgenic spleens!” and the nonoa histology of 
: spleen and lymph nodes (K. Gollahon and U.S., unpublished 
observations) reveals no gross abnormalities in lymphocyte 
- development. 
‘We donot know exactly when the transgenic x gene becomes 
_ transcriptionally active relative to normal immunoglobulin gene 
; expression (Fig. 4). The findings with transgenic Abelson pre-B- 
cell lines (see above) and with normal pre-B-cell hybridomas” 
Suggest that u rearrangement and transcription precedes «x tran- 
scription in immature B cells. In mature B cells, unrearranged 
light-chain genes are known to be transcribed”**, undermethy- 
lated” and DNase-1 sensitive”, If the transgenic x chain is to 
have an effect, « transcription must precede rearrangement. 
Transgenic « gene transcriptional activation is shown to occur 
-When normal germ-line x genes are presumably activated—after 
_# rearrangement and before endogenous « gene rearrangement 
in the scheme in Fig. 4. The isolation of H*T*E? cells (H, heavy 
chain gene; T, transgenic x chain gene; E, endogenous light 
‘chain gene) but the lack of H*T*E* and HTE” cell types 
indicates that when a functional heavy chain is provided, the 
transgenic « gene prevents endogenous light-chain gene rear- 
‘rangement, The presence of HYTTE” type cells shows that when 
_ the transgenic gene is inactivated by chance, endogenous genes 
can indeed rearrange. Finally, H>T*E* and H T*E” cell types 
show that without a heavy chain, the presence of the functional 
‘ansgenic «x chain alone is insufficient to prevent endogenous 
immunoglobulin gene rearrangement. The results strongly sup- 
‘port the hypothesis'*’® that the presence of a complete 
immunoglobulin molecule turns off rearrangement and thus 
establishes allelic exclusion of immunoglobulin genes. Our data 
do not address the regulation of A or heavy-chain gene rear- 
angement. It seems likely, however, that A- and heavy-chain 
gene rearrangements also stop when a complete immunoglobulin 
is made. 
As the history of the hybridomas, or of the B-cells from which 
hey are derived, is unknown, it is possible that the H~T*E* 
E”) cells were derived from H* cells. In that case a cell which 
originally was H*T*E? would have reinitiated rearrangement of 
endogenous « genes after the loss of the H* chain. This cannot 
at present be ruled out. It seems likely, however, that the rear- 
rangement machinery becomes permanently inactivated by 
differentiation into a B cell after the appearance of a complete 
‘immunoglobulin molecule. Defining the molecular basis of the 
feedback inhibition of immunoglobulin gene rearrangement will 
probably answer this question. If indeed the shutoff of rearrange- 
“ment is permanent (and if T* is a functional protein) then the 
existence of H”T*E*(E”) cells suggests that they have never 
been H” and consequently that the presence of heavy-chain 
protein may not be a prerequisite for light-chain gene rear- 
“rangement. 
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i 
hate the potential’ t to stop further immunoglobulin gene 1 
arrangement, a distinction must be made between preferential 
and random association. (Clearly, specific light- and heavy-chain 
combinations are seen in immune responses td antigens like 
phosphorylcholine. This kind of preferential association, 
however, is a function of the ability of a pair of heavy and light 
chains to bind antigen, not of the intrinsic ability of the heavy 
and light chains to assemble. Several lines of evidence support 
random pairing of heavy and light chains”, Preferential 
association of homologous heavy and light chains has been 
demonstrated only in competitive situations” **. Discovery of 
two full-size x chains in the myeloma $107 and the association 
of only one of those with heavy chain indicates that preferential 
association may have a role in allelic exclusion'®'*, In $107, 
however, the non-secreted « chain has a deletion of two amino 
acids including residue 96 (refs 15, 16), which has been found 
to be critical for association with heavy chains”. As postu- 
lated'*:'®, myeloma S107 does not exemplify preferential associ- 
ation, but shows that a « rearrangement and polypeptide can 
be nonfunctional in its inability to associate with heavy chain. 
Apparently, any heavy-light-chain association can shut off 
immunoglobulin gene rearrangement, as all heavy chains of 
trangenic secretors are different (data not shown) and we have 
found no case of a H*T*E* hybridoma. 

Although no myelomas have been described which produce 
more than one functional « chain, theoretically such cells might 
exist. First, it is conceivable that two « alleles may functionally 
rearrange and become transcribed at. exactly the same time. 
Second, it is also possible that a particular x gene, although > 
rearranged, could be transcribed at too low a rate to produce 
enough « protein to achieve a threshold level of the heavy-light 
chain complex required for feedback. 

Analysis of these hybridomas provides the first direct evidence 
for the hypothesis'*'® that a complete immunoglobulin 
molecule turns off the process of rearrangement. The mechanism 
for this shutoff is now being investigated. Our results support 
the idea that any light chain can associate with any heavy chain, 
and confirm that the significant mechanism for allelic exclusion 
is the feedback-mediated shutdown of rearrangement. 
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T lymphocytes can produce mRNAs from the first or second constant region of the T-cell antigen receptor B-chain. 
1.3-kilobase (kb) transcript encoding the mature protein contains V, J and one of the two C region sequences, but doe: 
not always contain D sequences. A 1.0-kb mRNA, found mainly in immature T cells, does not contain V sequences and 
can result from transcription that initiates upstream from an unrearranged J element. 












B AND T lymphocytes identify and eliminate a large variety of 
foreign antigens. Understanding the mechanisms of antigen 
recognition and subsequent activation of these cells is central 
to our investigation of the immune response. One clear difference 
between antigen recognition by B and T lymphocytes is that the 
former can bind antigens by themselves, whereas T cells recog- 
ize foreign antigens in conjunction with the major histocom- 
patibility complex (MHC) gene products, a phenomenon known 
as MHC restriction”. Although the immunoglobulin proteins 
and genes involved in the recognition of antigens by B cells are 
well characterized**, the T-cell antigen receptor, responsible for 
the binding of antigens by T cells, has only lately been amenable 
to study. 

Human’ and murine® T-cell-specific cDNA clones that specify 
the B-chain’ of the T-cell antigen receptor have been isolated. 
The genes are similar in organization to the immunoglobulin 
genes with separate variable ( V), diversity (D), joining (J) and 
constant (C) region segments*”'', rearranging in T cells'*'* to 
produce immunoglobulin-like proteins**. There are two closely 
linked groups. of J and C regions in the murine germ-line 
genome, arranged 5' Jg,~Cgi-Jg2-Cy2 3’ (refs 10, 11). A similar 
organization is found in the human genome (B. Toyonaga, 
personal communication). Each J region is a cluster of indepen- 
dent J segments*”'' with a closely associated D element on the 
5’ side'*"!*, The distance from the germ-line V genes to the J-C 
region is unknown!’. We seek here to characterize the transcrip- 
tion products of the rearranged genes of T-cell lines and popula- 
tions of T cells. 


Two constant regions in human -chain 


Analysis of -chain protein and DNA rearrangement data sug- 
gest that there is variability between different T-cell receptor 
B-chains. To characterize the different transcripts produced from 
the B-chain. region, we constructed cDNA libraries from poly- 
adenylated RNA extracted from the T-cell lines Jurkat or HPB- 
ALL. Jurkat was of particular interest because of the existence 
of monoclonal antibodies which recognize both its a- and B- 
chains (A, Weiss and J. Stobo, personal communication), and 
because genomic Southern blots show the same pattern of rear- 
rangement as the T-cell line MOLT-3 (ref. 12), from which the 
original 8-chain CDNA clone YT35 was derived’. Twelve cDNA 
clones that hybridized to YT35 were isolated from the Jurkat 
library and their restriction enzyme sites mapped. These clones 
fall into two groups: seven that are indistinguishable from YT35, 
such as JUR-B1, and two which are slightly different (Fig. 1). 
When compared with JUR-B1 and YT35, JUR-82 has an extra 
BglII! site and lacks an EcoRV site. In addition, it is only 0.85 
_ kilobases (kb) long, compared with the full-length size of 1.3 kb 
for JUR-B1. 
Nuéleotide. sequencing of JUR-81 and JUR-B2 clones 
demonstrates that JUR-£ 1 is identical to YT35 (data not shown). 
This surprising finding indicates that these two different T-cell 









lines use the same V, D, J and C region sequences, and explains | 
why Southern analysis shows the same pattern of rearrangement. - 
The sequences of JUR-81 and JUR-£2, together with the protein. 
sequence deduced from their only long open reading frame, are. 
compared directly in Fig. 2. JUR-82 extends only a few nucleo- 
tides 5' of J. There is some homology between the J segments 
of the two clones and almost perfect homology in the C protein 
coding region. The JUR-82 J segment has a very similar neucleo-. 
tide sequence to the murine Jgz3 element (Fig. 2). In the C 
region, there are 17 nucleotide differences, only six of which 
lead to amino acid substitutions. Perhaps the most significant _ 
is the transversion at position 992 in JUR-81 that converts the ` 
termination codon TGA to a serine codon AGA,.producing.a 
protein two amino acids longer. Although the difference: 
between these two C region sequences may reflect polymorp! 
isms between two human chromosomes, it is more likely tha 
they represent transcripts from different pre-existing constant 
regions in the genome because the 3’-untranslated sequen 
show no similarities. These two Jurkat transcripts probably: 
correspond to the two distinct but highly homogous C-region 
segments about 7 kb apart in the human germ-line DNA (B. 
Toyonaga et al., in preparation). JUR-81 and YT35 are trans» 
cribed from the 5’ Cg, whereas JUR-§2 is transcribed Caz ` 
Polyadenylation in JUR-62 occurs at a guanosine residue 20. 
bases from the polyadenylation signal (marked in Fig. 2). Poly- 
adenylation of the murine B-chain mRNA also occurs at 
guanosine residues''. 





















































Optional D segments 


The T-cell line, HPB-ALL'®, shows a different pattern of rear- ` 
rangement from MOLT-3 and Jurkat (unpublished data), Com- 
parison of the sequence of a YT35 hybridizing clone, HPB-£2, 
from the HPB-ALL cDNA library’? with that of JUR-82 indi- 
cates that the former is transcribed from the Ca gene, but there 
are two silent mutations in the C region and a frameshift in the 
3'-untranslated sequences (these positions are marked in Fig. 
3). We suggest that these changes result from polymorphisms 
in the human population. A comparison of the nucleotide and 
deduced protein sequences of HPB-82 with JUR-B1 is shown 
in Fig. 3. The homology between the C coding regions is very 
high, but there is only random homology in the untranslated 
region, as is the case between the Cg, and Cz, regions of JUR-B1 
and JUR-82. The homology in the J segment (45% overall) is 
strongest in the middle, which is the most highly conserved 
region in the murine J segments at both the nucleotide and 
amino acid level. The J region has 74% identity (35/47) with 
the murine Jz,; element!®. The V regions are different, but 
clearly related. The regions of highest homology are clustered 
around the 3’ end, where there is a cysteine residue in the protein 
sequence, and around position 305 in JUR-81. To align the. V 
regions properly, a gap of 15 nucleotides (five codons) must be 
introduced into HPB-82 between the J and V sequences; this. 
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Fig. 1 Restriction enzyme maps of two representative cDNA 
clones of the T-cell receptor 8-chain from the T-cell line Jurkat. 
Polyadenylated RNA was selected, double-stranded cDNA was 
generated, tailed with deoxycytidine and inserted into the deoxy- 
guanosine-tailed Pst] site of pBR322, as described previously’. 
Colonies that contained cDNA clones to the B-chain were selected 
by filter hybridization to a nick-translated YT35 probe. The clones 
were mapped with Xbal (X), Neol (N), Poull (P), Belll (B), 
Msili (M) and EcoRV (E) using standard tecniques. The restriction 
enzyme map of YT35 is included for comparison. Asterisks mark 
the restriction sites that differ between JUR-B1 and JUR-82. 


gap corresponds exactly with the D segment from JUR-B1 and 
“YT35. It seems that the HPB-ALL mRNA does not include a 
D element. 


mRNA expression 
o determine the relative frequency of expression of the mRNA 
“from the two C gene segments and whether mRNAs from both 
| are transcribed often in a single cell (as we found with Jurkat 
by sequencing cDNA clones), we performed Northern gel analy- 
sis. RNAs from thymocytes, peripheral blood T cells and the 
T-cell lines Jurkat, MOLT-3 and CEM were hybridized with V 
and C coding-region probes and untranslated 3'-region probes 
of Cz, and Cg. (Fig. 4). As expected, none of the probes 
hybridized to B-cell RNA. Figure 4a shows that two bands can 
be detected in T cells with the constant-region probe—a strong 
‘one at 1.3 kb and a weaker one at 1.0 kb. In mature peripheral 
T lymphocytes, there is only about 10-20% as much expression 
f the 8-chain as in immature thymocytes. The 1.0-kb transcript 
does not hybridize to the V probe (Fig. 4b), so only the 1.3 kb 
transcript containing V-region sequences corresponds to the 
mature mRNA comprising V, (D), J and C segments. Peripheral 
T lymphocytes and the leukaemic T-cell line CEM do not have 
this 1.0-kb mRNA (Fig. 4a, c, d). Hybridization of the V-region 
probe to the 1.3-kb band (Fig. 4b) is strong for MOLT-3 and 
Jurkat RNA, which we expected, as they are identical to the 
probe. The CEM RNA hybridizes only slightly, indicating that 
“there is limited homology between Vem3.2 (from YT35) and 
Vacemi, as there is between Vays. and Vauppi (from HPB-B2; 
Fig. 3). Thymocytes and peripheral T cells are a heterogeneous 
mixture of cells having different antigen specificities; thus each 
expresses a different V region and hybridization of their RNAs 
_ to the YT35 V-region probe is weak. 
‘The 3' probes from the untranslated regions allow us to 
_ distinguish transcription from the two C,-region genes (Fig. 3c, 
d). Both the 1.3- and 1.0-kb mRNAs from MOLT-3 are tran- 
scribed from the C,, region. In contrast, the 1.3-kb mRNA from 
rkat is transcribed from Cp, while the 1.0-kb message is 
“transcribed from Cg, and the 1.3-kb mRNA from CEM is 
transcribed from Caz. Of the cell lines tested, only Jurkat tran- 
scribes from both C-region genes. Surpsingly, thymocytes show 
preponderance of transcription of Cg, for both sizes of tran- 
cripts, but the distribution in the mature peripheral T cells is 
nearly equal. 


JUR-B2 sequences 


The Jurkat 1.3-kb transcript is from Cg; and the 1.0-kb transcript 
from Cy, (Fig. 4). Apparently, JUR-82, which is transcribed 
from Cg), is a cDNA clone of the 1.0-kb transcript. Figure 2 
compares the J region from JUR-82 with the murine germ-line 
Jaza segment. Within the coding region of Jara there is 80% 








aces GEE : 
CysSeraladantyeGlytyc the Ser arg: $ Val aney: 
405: COTG PC GOT ACT GGET CACC: C TEC G ACTA C re s 
ti AGGCTGTGAGCACAGATACGCAGTATTTTGGCCCAGGCACCGGGOTCACAGTGCTCGAGGACCTOARAAA 





$ Splice site 
G 7 
71: CGORGTPCCCACCCGAGETCGCTGTGTTTGAGCCATCAGAAGCAGAGA TCTCCUACACCCAAAAGGCCACA 
ValPheProProGluValAlaVal PheGiuProSerGluAlsaGlul LeSerhisTarGinLysaAlathe 
Phe 


o 
141: CTGGTGTGCCTGGCCACAGGCTTOTACCCCGACCACGTOGAGCTGAGCTOGTGGOTGAATGGGAAGGAGG 
LeuValCysLeuAlaThcGlyPheTyrcProAspRisValGluLeuSerTrptrpvalaAsnG lyLysGluval 


G 
Zli: TGCACAGTGGGGTCAGCACAGACCCACAGCCCCTCAAGGAGCAGCCEGCCCTCAATGACTCCAGATACTG 
HisSerGlyValSerThrAspProGlnProLeuLysGluGlnProAlaLeuAsnAaspSerArgTyrCys 


281: CCTGAGCAGCCGCCTGAGGGTEOTCGGCCACCTTCOTGGCAGAACCCCCGCAACCACTTCCGCTGTCAAGTC 
LeuSerSerArgLeuArgValSerAlaThrPheTrpGlInAsnProArgAsnRisPheArgCysGinVa! 


E 
351: CAGTTCTACGGGCTCTCGGAGAATGACGAGTGGACCCAGGATAGGGCCAAACCTOTCACCCAGATCOTCA 
GlnPheTyrG lyLeuSerG luAsnAspG luTrpThrG lnAspArga LaLysProValThrGinilevalSer 


Val 
B25: T GT € 


421: GCGCCGCAGGCCTGGGGTAGAGCAGACTGTGGCTTCACCTCCGAGTCTTACCAGCAAGGGGTCCTGTOTGC 
AlaGluAlatTrpGlyArgA LaAgpCysGlyPheThrserGluSertyrGinGlnGlyValLeuSerAla 


A c Cc T ic T T 
491: CACCATCOTCTATGAGATCTTGCTAGGGAAGGCCACCTIGTATGCCGTGCTGSTCAGTGCCCTCGTGCTG 
TheileLeuTyrGlul leLeuLeuGtylysAlaThrLeuTyrAlavalLeuValSerAlalLeuVatleu 


Phesee 

965: PT AGC C TGG GTGGAGTTA GAGC TC A C GTC 

561: ATGGCCATGOTCAAGAGAAAGGATTCCAGAGGCTAGCTCCAAAACCATCCCAGGTCATTETTCATCCTCA 
MetAlaMetValLysArgLysAspSerArgGlytse 


1035: ATGGTTCAATA ACA T T CT TTGCCAGC CT CTGA G GC C CTCAC CTGCA CCAATA 
E31: COCAGGATTCTCCTGTACCTGCTCCCAATCTGTGTICCTARAAGTGATTOTCACTOTOCTTOTOA TOTO’ 


ry 
1105: G TA C CCOT GTGCA GCACACC G ACAC A G CT AATET CT AGG GGAC 
TOL: TACTTACATGAATACTTCTCTCTPITTTCTGTTTCCCTGAAGA PIGAGCTCCAACCCCAAGTACGAAATA 


771: GGCTAAACCAATAAAAAATTGTGTGTIGGGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
Poly adenylation 
Signal 
Fig. 2 The nucleotide and deduced amino acid sequence of clone 
JUR-82, and comparison with JUR-81. The DNA sequence was 
determined using the dideoxy chain-termination method”. The 
insert was released from the pBR322 vector, isolated by preparative 
agarose gel electrophoresis, then digested with one of several 
four-cutter restriction enzymes and cloned into the single-stranded 
phage vector M13mp9. The sequence of JUR-82 is shown in full 
with its deduced protein sequence beneath; the sequence above 
JUR-B2 indicates positions at which JUR-@1 is different. The open 
arrows indicates the 3’ limit of our sequence of JUR-B1. Diversity 
(D), joining (J) and constant (C) régions, as determined for YT35 
(ref. 8) (identical to JUR-81), are shown. The polyadenylation 
signal of JUR-82 is underlined. Also shown is a comparison of 
the J region of JUR-82 with the murine Jez; element'®: the 
nucleotides that are the same as those in JUR-82 are given in 
upper case, differences in lower case letters. The deduced amino 
acid sequence of J,., is shown above the nucleotide sequence 
only where it differs from JUR-B2. The untranslated regions are 
indicated by dashes, the splice site is marked by an arrow and the 
heptamer recombination recognition sequence is underlined. 


identity (39/49) to JUR-82. This homology ends abruptly at the 
3' end, as expected, at the splice site. At the 9’ end, however, 
the homology continues past the Jg; coding region into the 
heptamer of the recombination recognition signal. It seems, 
therefore, that the 1.0-kb transcript from Jurkat initiates 
upstream from an unrearranged J element. 


Discussion 


Our analysis of the structure and expression of cDNA clones 
has revealed much about the rearrangement and transcription 
of the 8-chain and about the structure of the protein. We have 
shown directly, by DNA sequencing, that at least two human 
V-gene segments can form mature §-chains of the T-cell recep- 
tor. These V-gene segments, although quite different, are clearly 
related, particularly around the cysteine residue near the 3’ end 
that is also conserved in immunoglobulin proteins”’. We have 
found that at least three J segments in the human are active, 
and that both constant-region genes, Cg, and Cz, can be incor- 
porated into the mRNAs encoding functional proteins. Each of 
these regions has some similarity in protein sequence to the 
analogous immunoglobulin region and there is a similar place- 
ment of introns: approximately between the signal peptide and > 
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1986: GTCECTGTGTTTGAGCCATCAGAAGCAGAGATCTCCCACACCCARAAGGCCACACTGGTOTGCCTGGECA 
ValAlavalPheGluProSerGluAlaGlul leSertisThrGintysAlathrLeuvalCysleuAlathr 


Phe 

ki v 

266: CAGGOCTTCTACCCCGACCACGTGGAGCTGAGCTGOTGGGTGAR TGGGAAGGAGDTGCACAGTGGGGTCAG 
GiyPheTyrProAspHis¥alGluLeuSerTrptrpvalAsnGlyLysGluvaliisSerGlyvalser 


336: CACAGACCCGCAGCCCCTCAAGGAGCAGCCOGCCCTCAATGACTCCAGATACTGCCTGAGCAGECOGECTS 
ThrAspProG laProLeuLysG LuGlnProAlabeuAsnAspSerArgTyrCysLeuserSerArgleu 


406:  AGGGTCTCGGCCACCTTCTGGCAGAACLEEOCGCAACCACTTECGLTGTCAAGTOCAGTTICT ACGGGLTCT 
ArgvalSerALathrPhetroG i nAsnProArgAsnii sPheargCysGl nVald i nPhetTyrGiyleuSer 


476 : ACAM ONONO TGUA C CAOR TACEGUCRANCCTOTCACCI AGATCOTCAGCGCCGAGGCCTOGGG 
GluAanAspGlutrpThrG inAspargA LaLysProValThrGini LevalSerAlaGluAlatrpaly 
val 
BAL: K GT g Ẹ 
S46:  TAGAGCAGACTOTGGCTTCACCTOCCAGTCTTACCAGCAAGGGOGTGCTOTOTGCCACCATCCTCTATGAG 
ArgAlaAspCysGlyPheThrSepGilugerTyrGlnG logi yvallLeuserALathert leLeutyrGlu 
Otte (a Cc T c v T 
BIE:  ATOTEGOTAGUGAAGGCCACCTTGTATECCOTGCTGGTCAGTOCCE PCGTGCTGA TGGCCA TGSTCAAGA 
TieLeuleuGlyLysA lather teutyrcAlaval Leaval SerAlLaLeuvalLeuMeta LaMetValbysArg 
Phetee 
garr TT AGO O TGG GQTAGAGTTA GAGC TC AC GTCATGGTTCAATA ACA 
CUERS,  GAAAGGATTCCAGAGGCTAGCTCCAAAACCA TCCCAGGTCATTCTICATCOTCACCCAGGA TTCTCOTE? 
hysaspSecArgalyt** 


ves}: T P Cr TPGUC G GC TC GAAG GOTGCTC A CTCTCTGCATC CAA AGATA CO CCT TGTG 
+ 186s ACOTECTCOCAGATCTETSTTCCTAABAGTGATTCTCACTCTGCTTICTCATCTCCTACTTACATGAATAC 


LIEZL: CATG A ACC GCACAC CA GGCTGA A CTC CTA C AG 
B26: TIOECTOPTTTPTCTSTTTCCCOTGAAGATTGAGCTCCAACCEE : BAR 
Fig. 3 The nucleotide and deduced amino acid sequence of clone 
HPB-82 from the T-cell line HPB-ALL, and comparison with 
JUR-B1. The cDNA was cloned’? and selected as described in 
Fig. | legend. Sequencing was done partly as described in Fig. 2 
legend and P using the Maxam and Gilbert procedure”, The 
sequence of HPB-62 is shown in full with its deduced amino acid 
sequence beneath. Positions at which JUR-1 differs from HPB-B2 
are presented above the sequence of HPB-82. Gaps introduced to 
maintain the alignment are indicated by dots. V, variable, D, 
~ diversity; J, joining; and C, constant regions. Differences between 
i JUR-62 and HPB-G2 in the constant and 3’ untranslated regions 
are underlined. 


the mature protein in the V gene'* and between the J and C 
regions”. Such a resemblance points to the similarity of func- 
tion of the immunoglobulin and T-cell receptor proteins and 
their common evolutionary origin. 

There are intriguing differences, however, between these 
families of proteins. The immunoglobulin light chains are closest 
in size to the B-chain, but the C-gene segment is composed of 
four exons’”'' and has a transmembrane segment*'* like the 
immunoglobulin heavy chains. Also in common with the heavy 
chain, the B-chain uses a D segment®®'*-'®, Analysis of the 
recombination recognition signals adjacent to the V, D and J 
germ-line segments””'*-'® reveals striking similarity to those of 
immunoglobulins?” 

These signals are composed of a palindromic heptamer 
sequence proximal to the coding region of the element, and a 
distal thymidine-rich nanomer separated from the heptamer by 
a non-conserved spacer of either 12 or 23 nucleotides. The size 
of the spacer is critical because one element can rearrange next 
to another only if one has a spacer of 12 bases and the other is 
of 23 bases?!" (termed the ‘12/23’ rule, or the ‘one turn/two 
turn’ rule, because of the number of helical turns separating the 
signals). The V and J elements of the immunoglboulin heavy- 
chain genes have a 23-base spacer so that they can each only 
rearrange to a Dy segment, where the spacer is 12 bases long 
on both sides. In contrast, the B-chain V segment has a 23-base 
spacer, the J, segments have 12-base spacers, and the Dp ele- 
ments have 12-base and 23-base spacers respectively on the $’ 
"side. Thus, if the size of the spacer is the only factor 
mining which elements can join, it is theoretically possible 
Ye gene to recombine with a Jẹ segment, omitting a Dg 
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Fig. 4 Northern gel analysis of RNA from T cells using probes ‘ 
to the V region, C coding region and 3’-untranslated regions o 
Cg, and Cg. a, The protein-coding Cg. BglII fragment of JUR-B2; 
b, a Vana. Pstl-Alul fragment of JUR-B1; c, an Alul-Pstl frag- 
ment of JUR-8 1 representing the 3’-untranslated sequences of C,;; 
d, an Rsal and Rsal-Pstl fragment of JUR-82 representing the 
3'-untranslated region of Cg». Arrows, positions of the 1.3-kb and 
1,0-kb transcripts. The inset in b is a longer exposure of the 1.3-kb 
band from peripheral T-cell RNA. Unfractionated RNA from the 
human B-cell line HSC-58, from the human T-cell lines MOLT-3, 
CEM and Jurkat, from human thymocytes and from peripheral T, 
cells was extracted. and 10 pg electrophorezed in each lane, except 
the peripheral T cells in a where 50 pg were used, as described 
previously". The probes were nick-translated after isolation from ` 
preparative agarose gels. ; 


HPB-82 appears to be the result of such a recombination, 
lacking the precise sequence that corresponds to the.Dgy+3s 
segment of JUR-8 1 and YT35. There are three possible explana- 
tions for this: (1) there is no D element in the recombined gene 
and the V and J elements are similar in length between HPB-82 
and JUR-B1; (2) the V segment is shorter in HPB-B2 (Vaupai)’ 
than in JUR-B1 (Vsm32) and the D element is homologus to 
the cysteine encoding 3’ end of Veys.2, which is absent from: 
Vaypsr; (3) the J element is shorter in HPB-82 than in JUR-A1, 
the D segment making up the length, and is similar to the 5' 
end of a J segment. All the identified genomic J, segments. are’. 
of a similar length?’’~'*, so we believe that the simplest and 
most likely explanation is ‘that there is no D segment in HPB-B2.. 
Although we suggest that the mechanism for this is direct re- 
combination between the Veyap; gene segment and the J, ele- 
ment, we cannot exclude the possibility that the Verge; first. 
recombined with a Dg element so that only the 3’ recombination 
recognition sequences, with the 23-base spacer, remained sub- 
sequently rearranging to the J, element. 

Another consequence of unequal spacer sizes in the recombi- 
nation signals that flank the D, elements is that some 8-chains 
may include two or more D segments via direct D-D joining- 
The presence or absence of Dg segment(s) may be a mechanism 
for increasing 8-chain variability and thus expanding the T-cell. 
receptor repertoire. 

Our finding that the cell lines Jurkat and MOLT-3 produce 
identical mRNAs for the 8-chain was unexpected. We have 
eliminated the possibility that these lines are the same. by 

















































unpublished observations) and OKT surface marker typing” 

nor. is it possible that the original cDNA clones were inter. 
changed because we cloned YT35 into the BglII site’ of 
EP502EB5 (ref. 24) whereas JUR-81 was cloned into the PstI 
“site of pBR322. The strong hybridization of the YT35 V-region 
‘to Jurkat RNA (Fig. 4b) provides independent evidence that 
< YT35 and Jurkat use the same V,-gene fragment. We do not 
‘know whether the production of this same mRNA in two trans- 
formed lines is related to tumorigenesis. 

Preliminary examination of the 8-chain rearrangements in 
bone marrow samples of 13 T-cell acute lymphoblastic 
leukaemia patients suggests a limited number of rearrangement 
_ patterns”®. This does not represent a limited repertoire of pos- 
sible recombinations. There may be some preferred rearrange- 
ments in early thymocytes after they have become transformed, 
or some rearrangements may predipose the cells to transforma- 
tion. This latter possibly is of particular interest in view of the 
hypothesis of AKR retroviral leukaemogenesis of Weissman and 
ċo-workers?™ which suggests that autostimulation of the T-cell 
receptor leads to a proliferative state during which the cell is 
more susceptible to transformation, 

It has been shown that 1.0-kb mRNAs from thymocytes con- 
-tain sequences from 5' of a Dg, element rearranged to a Jg 
segment but not a Vz gene'*’*. In contrast, this transcript from 
“the cell line Jurkat, represented by cDNA clone JUR-82, appears 
‘to contain sequences 5’ to a Ja element rearranged neither to a 
“Dg element nor to a Vg element. Unfortunately this clone does 
not extend further 5’, but the limited sequence available is 
identical to the heptamer sequence 5' of the murine Jg2;, but 
different from Dg, , (refs 14-16), Davras and the highly con- 
served 3’ end of Vam32 and Veups:- 

The chromosomal origin of this mRNA is unknown, The 
mechanism activating transcription of the functionally 
rearranged B-chain may induce also an aberrant transcript from 
the B-chain locus on the other chromosome which may have 
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` Æ previously argued that the origin of time asymmetry is to be 
‘Sought in the processes that characterized the very early cosmologi- 
cal epochs, and that the recent inflationary scenario provides a 
crucial element in our understanding of this origin’. Here, I develop 
‘this thesis further, in the light of criticisms by Page”. I argue in 
particular that any of the “initial states” that appear to be 
permitted by quantum gravity, if succeeded by a period of inflation, 
would have wound up the universe to the state from which, as 
indicated by increasing entropy, it is now winding down. 
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to one of the two chromosomes. including both Cs; and Caz. 
The question of whether the B-chain locus on both chromosomes 
can be simultaneously transcribed can be resolved with a cell 
line that uses Cg, for the 1.0-kb mRNA and Cg; for the 1.3-kb 
mRNA, where Cp, would be deleted. 

Two major concerns of immunologists are the mechanisms 
of elimination of self-reactive T cells during T-cell ontogeny 
and of MHC restriction. Could the 1.0-kb mRNA be involved 
in these processes? The discrete and constant size of this tran- 
script in thymocytes, Jurkat, MOLT-3 and other cells implies 
that there is a specific point for transcription initiation, unique 
to a particular cell type. Apparently, transcription initiation may 
occur upstream from an unrearranged J segment or from a J 
element recombined with a D segment. We do not know whether 
the smaller message is expressed simultaneously with the larger 
one in thymocytes as it is in MOLT-3 and Jurkat, which are 
transformed and thus may be abnormal, or whether pack cells 
have only one species of 1.0-kb mRNA. The T-cell-specific 
message clones by Tonegawa’s group” also has a smaller size 
class. This may be a common property of this gene family. 

An interesting difference between thymocytes and mature 
peripheral T cells is the preferential expression of Cg. in the 
thymocytes, in contrast to the situation in BALB/c mice, where 
Ca, is the most prevalent thymic transcript''. We do not know 
whether this is due to species differences, or variability between 
individuals. Further characterization of 8-chain expression 
should assist us in our attempts to understand the mechanisms 
by which a functional T-cell receptor protein is generated. 
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SSS LETTERS TO N ATURE- PE A AE AE E 2 


The universe is ordered in two distinct ways. First, matter 
(for example stars) is generally found in a state rather far from 
thermodynamic equilibrium. Second, the universe is mys- 
teriously regular on a larger scale, with only a moderate degree 
of structure, occasioned by the clumping of material into stars, 
galaxies, galactic clusters and so on. The cosmological gravita- 
tional field is therefore rather smooth. Both these forms of order 
are gradually degenerating, as matter is processed and loses free 
energy (as in stellar evolution for example) and as gravity causes 
the irreversible collapse of objects and systems towards, ulti- 
mately, a black hole state. This universal tendency may be 
considered as a one-way approach to thermodynamic equili- 
brium and maximum entropy in accordance with the second 
law of thermodynamics’. But the irreversible rise in cosmic 
entropy associated with this decay raises the question of how 
the universe achieved this order initially. 

The central problem in addressing the above question is not 
in doubt. If the fundamental laws of physics are timé-asym- 








xplained by appealing to a special choice of initial state. 
{I ignore: here the possibility of T-violating laws, as they 
are irrelevant to the issues under discussion.) Two questions 
then arise. First, can we identify the physical mechanisms 
whereby the special initial state evolves into the present (and 
projected future) state of the universe in a time-asymmetric 
fashion? And second, can we find reasons why the special 
initial state should be regarded as unremarkable, ‘natural’ 
or even inevitable? The first of these latter two questions is 
physical, the second essentially philosophical, and strongly 
model-dependent. 

The first person to address questions | and 2 was Boltzmann, 
who treated a simple model gas. He was able to prove, in his 
famous H-theorem* that, under the impact of intermolecular 
collisions, the entropy of the gas would rise with time whenever 
it found itself in a condition of ‘molecular chaos’—that is, 
lacking correlations in the positions and motions of the 
molecules’. Applying an extrapolation of this theorem to the 
universe as a whole demands an answer to the second question. 
One might suppose that if the universe were initially in a state 
of ‘cosmic molecular chaos’, then subsequently the entropy 
would rise, during which phase the universe would behave 
time-asymmetrically. But now we come up against the question 
of how the universe achieved its state of ‘molecular chaos’ at 
dess-than-maximum entropy in the first place. 

One unscientific and metaphysical answer is simply to assume 
that the universe was made that way, that is, created in a special 
initial state. Another answer (the one suggested by Boltzmann) 
is that, in a universe which is infinite in time and/or space, and 
subject to time-symmetric laws, such a state is bound to occur 
purely by chance fluctuations (and occur infinitely often). The 
frequency of such a near-miracle is absurdly small, but—to use 
an anthropic explanation—because the existence of life depends 
ona source of free energy, we could not possibly find ourselves 
living in the much-more-probable state of thermodynamic 
equilibrium. 

The above reasoning unfortunately contains a serious flaw. 
There seems to be no obvious reason why a fluctuation region 
should be of Hubble proportions in order that observers arise. 
Because the magnitude of fluctuations is exponentially related 
to their (im)probability, it would seem to be overwhelmingly 
more likely that a random observer would find himself in, say, 
a one-galaxy, or even a one-star, universe than in one populated 
by myriads of similar systems”. In short, the anthropic principle 
seems to suggest that we should observe a universe of minimal 
order consistent with the existence of observers. 

It is against this general background of ideas that the inflation- 
ary universe scenario must be assessed. Briefly the scenario goes 
like this’, At some early moment the universe finds itself in a 
quantum state known as a false vacuum, which is characterized 
by a huge energy density and negative pressure. The gravitational 
effect is identical to that of Einstein’s cosmological constant, so 
that the universe embarks on a phase of exponential expansion 
(inflation). During this time the universe resembles a portion 
of de Sitter space. Eventually the inflationary phase ends, and 
the energy from the false vacuum is deposited into matter and 
radiation fields. At this stage, irregularities present initially will 
have been smoothed to insignificance by the enormous dis- 
tension of space. Subsequently the universe evolves according 
to the standard hot big bang model. 

In ref. 1 I argued that the process of inflation is responsible 
for ‘winding up’ the cosmic mechanism, by ensuring that the 
post-inflationary state is relatively smooth, hence enjoying a 
gravitational entropy much less than the maximum permissible. 
The apparent paradox that the universe has thereby progressed 
froma high to a low entropy state during the inflationary phase 

“ds-resolved by noting that the universe is not a closed system 
_ (even if spatially finite) because free energy is not conserved in 
L osmology. On account of the negative pressure of the false 
“vacuum, non-gravitational energy is actually created (per unit 
comoving volume) during inflation. 





















































































‘Boltzmann was faced with the question of how the universe 
achieved a state of (1) less than maximum entropy and (2) no 
correlations (molecular chaos}. The situation here is directly 
analogous. We too have to explain how the universe arrived in 
the false vacuum state initially, and why that state had no (or 
at least few) correlations. 

Page has emphasized the fact that de Sitter space is time , 
symmetric’. As the inflationary phase is finite in duration, the 
patch of de Sitter space corresponding to this phase will have 
an ‘in’ and an ‘out’ region. According to the inflationary senario; 
metric perturbations (irregularities) about the de Sitter back- 
ground present in the in region will decay during the inflationary 
phase, and so will be infinitesimal in the out region. However, 
because of the time symmetry, for every solution of the gravita- 
tional field equations which corresponds to decaying perturba 
tions, there will be a time-reversed solution which deseri 
growing perturbations. (The proof of Boucher and. Gibbons 
that the metric approaches de Sitter space exponentially fast 
assumes an infinite future with non-zero cosmological constant 
thus breaking the time symmetry.) A sufficient, though no 
necessary, condition for decaying perturbations is the absence. 
of correlations in the metric perturbations in the in region, 
(Roughly speaking, the perturbations will only grow if they 
conspire to organize themselves over a large spatial region in a 
cooperative fashion.) The situation is directly analogous to a. 
Boltzmann-type model gas in a'state of molecular chaos. 

It is now necessary to explain why it is reasonable for the. 
universe to have been in a state with no correlations initially. 
My argument is an adaptation of that frequently used’ to explai 
why randomly selected branch systems in low entropy states are 
exceedingly likely to be in a state close to molecular chaos. ` 

To repeat the molecular argument first: imagine a gas enclosed 
for all time in an an impenetrable box. The gas spends the 
overwhelming proportion of its time very close to thermody-. 
namic. equilibrium at maximum entropy Smax, but occasionally 
makes small excursions from equilibrium on account of rando 
fluctuations. The theory of fluctuations demands that small 
fluctuations, whilst rare, are nevertheless exceedingly more prob- 
able than large fluctuations. 

Suppose now that the box of gas were to be equipped with 
a sensor that flashed a light whenever the gas achieve a state 
having a particular pre-selected value of the entropy, say 5$,. 
where S< Smax It then follows that, on inspection, this state 
would almost certainly be very close to a local minimum in the 
entropy curve, close to the point of maximum excursion from’ 
Smax The reason for this is that there are vastly more fluctuations ` 
which just reach S from Smax than there are larger fluctuations 
that pass through S on their way to still lower values of the. 
entropy. Hence a randomly selected low- -entropy state is over- 
whelmingly likely to be at a local entropy minimum. 

Now it may be shown that’ the condition of molecular chaos. 
holds at the minimum point of an entropy fluctuation (which 
is, of course, a point of time symmetry with the entropy increas- 
ing in both forward and reverse time directions). It follows that 
a randomly selected low-entropy state will almost certainly be 
one essentially devoid of molecular correlations. This argument 
explains why it is that in a realistic physical situation, where. a’ 
box of gas does not remain undisturbed for all time but instead 
is formed as a quasi-isolated branch system’ separated off from ` 
the wider environment, the entropy of the gas is always observed 
to rise. It is because, if the branch system is formed at random 
(and not at one of those rare instances where the molecules are 
conspiring to produce a large fluctuation to still lower entropy), 
it will almost certainly be in a state of no correlations (molecular 
chaos), for which the conditions of Boltzmann’s H-theorem 
apply. 

The case of de Sitter space is very closely analogous to the 
box of gas. de Sitter space may be considered to be a state of 
gravitational thermodynamic equilibrium, and indeed there is. 
even an associated temperature’®. (It may seem puzzling that: 
the highly-symmetric de Sitter space is described as a maximum 
entropy state, whereas earlier it was stated that self-gravitating — 

























































systems tend to grow irregularities as they evolve towards ther- 
jodynamic equilibrium. The difference arises from the crucial 
role played by the cosmological constant. When such a constant 
is present the tendency for a self-gravitating system to grow 
clumpy is reversed; the exact opposite situation obtains, as 
explained in ref. 1.) Quantum effects will cause fluctuations to 
occur about the strict de Sitter background. Again, large fluctu- 
ations are much rarer than small fluctuations. At the minimum 
point of such a fluctuation the perturbations will be uncorrelated, 
“ corresponding to ‘cosmic molecular chaos’. By the same reason- 
ing as above, a randomly chosen perturbed state will almost 
certainly be such a state of no correlations at the minimum of 
a fluctuation curve. This state is then one in which the perurba- 
--tions will decay rather than grow whichever direction of time 
"is chosen as forward. Of course, in the inflationary scenario, a 
past-forward time convention is imposed by the very different 
> nature of the in and out regions, the out region corresponding 
to a hot Friedman universe and the in region of a form to be 
“discussed below. 
Although the state of molecular chaos in a gas is sufficient 
for it to be shown, via the H-theorem, that entropy subsequently 
increases, such a state is not necessary. Indeed, it is easily 
demonstrated’ that if a gas is in a state of molecular chaos at 
> some instant, it will not be in that condition at subsequent 
instants. Thus the H-theorem cannot be used to prove the 
continuous approach of a molecular system to equilibrium, 
Nevertheless we all know that the gas will so equilibrate, in spite 
of the correlations introduced during the climb towards 
maximum entropy as a result of the very molecular collisions 
that drive it there. Similarly, although a zero-correlation state 
is sufficient for the decay of perturbations in de Sitter space it 
is not necessary. Many states with some correlations will also 
tend towards de Sitter space. Thus there is a very much larger 
class of possible initial states consistent with the standard inflat- 
ionary scenario. 
To complete the inflationary picture it is necessary to have 
some idea of how the universe achieved its initial state, prior 
to the inflationary phase. At this point one must distinguish 
between two versions of the inflationary theory. In the first 
-version the universe cools into the false vacuum from a pre- 
existing hot Friedman-like phase. While, as has been argued 
above, it seems likely that if such universe embarks upon infla- 
tion then any initial irregularities will decay, inflation will only 
proceed in any case if there is already a reasonable degree of 
‘régularity; inhomogeneity and anisotropy tend to suppress the 
inflationary mechanism'’. In spite of this, there will exist regions 
of space where by chance fluctuations the conditions are right 
for inflation to proceed. Thus, amid a sea of chaos, here and 
there bubbles of space will inflate. It only then remains for us 
to explain why we happen to be living in such a region. But it 
is only in the post-inflationary bubbles that large-scale order 
appears, itself an essential prerequisite for life and observers. 
We could not possibly exist amid the chaos outside of our 
quiescent ‘oasis’. This is, of course, essentially a resurrection of 
«< Boltzmann’s explanation of time asymmetry, but in a modern 
„guise which circumvents the original objections for the following 
reasons. 
First, the effect of inflation is to enormously amplify the initial 
chance fluctuation to moderate smoothness. The inflationary 
mechanism permits a fairly modest fluctuation to trigger the 
spontaneous growth of a huge ordered region containing a vast 
quantity of negative entropy relative to the locally maximum 
attainable entropy. Thus, inflation acts as a negative entropy 
amplifier. (The precise way in which this ‘entropy gap’ is 
widened by inflation has to do with the non-conservation of 
useful energy, and was explained in ref. 1.) This is in contrast 
to Boltzmann’s original concept, in which the very large degree 
of negative entropy observed in our region of the universe today 
had to be generated in toto by a far less probable conjunction 
. of fluctuations. 
Second, in the context of the inflationary model, it appears 
< that we do live in a minimum fluctuation region. It is a feature 





of the inflationary theory that you: et ole bub! 
universe or nothing. That is to say, once a modest fluctuation | 
has triggered off inflation in a region, the dynamics of the. 
inflationary mechanism will inevitably produce a bubble uni- 
verse of extra-Hubble proportions. (The size of the fluctuation 
region is determined by the parameters of the theory, which fix” 
such things as the ‘roll-over’ time'*.) Thus, a universe of the 
scale we observe is either produced in one blow, or not at all. 
So there is no mystery as to why a Hubble-scale fluctuation 
region represents a vast over-provision of negative entropy as 
far as life on Earth is concerned. 

Finally, I turn to the other version of the inflationary scenario 
wherein the universe arrives at the threshold of inflation as the 
result of a quantum tunnelling process ‘from nothing’. Vilenkin 
has proposed’? that the universe was ‘initially’ in a quantum 
state in which there is no classical spacetime, a state he refers 
to as ‘nothing’. As a result of quantum fluctuations the universe 
then ‘tunnels’ into a de Sitter space from which inflation may 
proceed as usual. The tunnelling amplitude is discussed using 
a Euclideanized path integral for a quantum description of the 
gravitational field. Using semiclassical techniques borrowed 
from quantum mechanics and quantum field theory, Vilenkin 
argues that the most probable spacetime to emerge ‘from the 
tunnel’ is homogeneous and isotropic. Furthermore, the associ- 
ated scalar field, which subsequently drives the inflationary 
mechanism, is found to be in the required false vacuum state. 
Although Vilenkin’s original discussion was speculative and 
largely heuristic, his results have received support from the more 
detailed work of Moss and Wright'* on the wave function of 
the universe. 

Similar ideas to those of Vilenkin have been proposed 
independently by Hawking'>. The key element here is the sugges- 
tion that the quantum state of the universe might be one that 
is uniquely defined by a ‘natural’ mathematical prescription. 
This prescription has been discussed by Hartle and Hawking", 
and in essence selects something akin to a minimum energy 
state of the universe. Hawking and Luttrell'’ argue that the 
Hartle- Hawking ansatz requires an isotropic universe. Similar 
arguments can be used to select a homogeneous initial state (I. 
G. Moss, personal communication). 

Thus, in this version, the universe is automatically driven 
towards something like de Sitter space by quantum processes, 
from which inflation proceeds in the usual way. Here it is not 
necessary to invoke an anthropic argument to select an ordered 
‘bubble’ from the rest of the universe. 

To what extent can these (necessarily imprecise) remarks 
provide a basis for an explanation of time asymmetry in the 
universe? The word ‘explanation’ can have two meanings. First 
it can mean ‘tracing the origin’. Certainly the inflationary 
scenario provides a very plausible description of how the uni- 
verse became ‘wound up’ as a result of quantum and gravita- 
tional processes. Once thus wound, the time asymmetry of the 
universe subsequently is assured, as explained in ref. 1. 

But we can still ask why the universe started out in the required 
pre-inflationary state in the first place. This is a deep phil- 
osophical issue, for we are obviously in danger of falling into | 
an infinite regress. Conceivably one could show quantum 
mechanically that the probability of producing a universe 
already in its maximum entropy state is exceedingly small. 
Indeed, it seems very plausible that a universe which originates 
from some sort of quantum gravitational fluctuation would be 
of Planck dimensions and Planck temperature, rather than 
Hubble dimensions and full of black holes. In the case of the 
version of inflation that starts from a Friedmann-like phase, this 
pre-inflationary state is usually taken to originate in a ‘little 
bang’ singularity, and the question of ‘why that Friedmann-like 
state’ reduces to the daunting (and perhaps unphysical) problem 
of what comes out of a spacetime singularity'®. 

In both versions, then, we have the difficulty that the chain 
of explanation is pushed back so far that it disappears off the 
edge of spacetime, either into a quantum tunnel or a singularity. 
Perhaps one has to stop there; after all, we can hardly make- 














ense of the question ‘why that state in the first place?’ 
yhen there is no longer any classical spacetime for there to be 
i ‘first place’. In this respect, the Hartle~-Hawking approach to 
iefining a unique state for the universe is attractive because it 
nakes no use of the concepts of initial or final. Thus, we are 
‘orced to change the nature of the questions from the traditional 
why that spatial state in the first place?’ to ‘what is the most 
jatural state of spacetime?’ 

My explanation for time asymmetry from inflation thus 
depends on which of the two alternative scenarios one considers. 
[n the tunnelling version one adopts some criterion of ‘natural- 
ness’ to select a very special initial state for the whole universe, 
in which case inflation merely acts to drastically reduce the 
improbability of such a state by permitting a wide class of initial 
states to develop into something like the universe we now see. 
In the other version, one can accept an arbitrary initial state 
but.appeal to anthropic selection of an atypical region. Here, 
inflation is a crucial element in the argument because it explains 
why: the fluctuation region necessary for observers to evolve is 
so large. In this sense, then, I maintain that inflation does explain 
time asymmetry. 

I thank Don Page and Ian Moss for useful discussions. 
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Substantial reductions’~ in the distances inferred for the remnants 
of several ‘historical’ supernovae, coupled with a galactic super- 
nova rate of 1 every 25 yrs.or so’, have raised the possibility" that 
many young but distant galactic supernova remnants may be 
missing from present catalogues. We have now used the Very Large 
Array (VLA) and the Cambridge 5-km telescope to observe 32 
small-diameter objects selected from galactic plane radio surveys. 
These observations reveal both a new young shell remnant (which, 
at only ~1 arc min in extent, is the smallest angular size galactic 
remnant yet discovered), and a very peculiar radio source, probably 
a supernova remnant only a few hundred years old, which is still 
in the free expansion phase. 

Supernova remnants mark the violent endpoints of stellar 
evolution, and studies of them are relevant not only to our 
‘understanding of supernovae and pulsars, but also to that of 
e interstellar medium and the generation in fast shocks of 
relativistic particles and magnetic fields. These problems can be 
tackled either statistically or by detailed investigations of 
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17h ASmin 388 17h 45min 305 
Fig.1 CLEANed map (500 components) of G1.9 +0.3 at 4.9 GHz, 
restored with a 4.4 X2 arcs? beam. The plotted range, black to 
white, is ~1 to 9 mJy per beam. 






“Th 19min 53 "Th 19min fs "Th 18min 575 
Fig. 2 CLEANed map (2000 components) of G227.1+ 1,0 at 


4.9 GHz, restored with a 6 X4 arc s* beam. The plotted range, black 
to white, is ~1 to 9 mJy per beam. 


individual remnants, among which the relatively bright remnants 
of historical supernovae (see ref. 6) are particularly important. 
Some of these, such as Cassiopeia A and the Crab Nebula, are 
amongst the brightest radio sources in the sky, so it is unlikely 
that any similar remnants in the Galaxy could have been missed. 
Others, such as 3C58 and the remnants of Tycho’s and Kepler’s 
supernovae, would have flux densities (at | GHz) of only ~1 Jy, 
and be <1 arc min in extent if they were removed to the other: 
side of the Galaxy (~20 kpc). Present catalogues contain no. 
such remnants, but existing galactic radio surveys, with only 
moderate resolution (a few arc minutes), do contain many 
unresolved or barely resolved sources with flux densities and 
spectral indices appropriate for young but distant supernova ` 
remnants. Few of these sources have been observed with higher 
resolutions. 

Clark and Crawford’ list 513 small-diameter (<1.5 arc min) 
sources in the southern galactic plane (|b| < 3°, declination below `. 
+17°) from the Molonglo survey", with flux densities >0.6 Jy at 
408 MHz. Sources on this list which are brighter than I Jy (and 














Galactic 
coordinates 
I b Comments 


bserved with the 5-km telescope at 2.7 GHz 






49.66 +2.91 Several sources* 

$1.22 ~1.42 Single compact source 

53.43 ~1.28 Single compact source 
193.63 ~ 1,52 Close double 


Observed with the VLA, °C’ array, at 5 GHz 


1.87 +0.33 Shell remnant, ~1 art min in diameter 
6.76 +0.92 Close double 
9.82 ~0.99 Single compact source 
11.97 +0.19 Double, ~I are min, with bright core 
20.71 +2.29 Single compact source 
21.05 +1.96 Single compact source 
25.26 ~0.14 Three sources 
24.88 -L71 Close double 
32.26 +EL7 Single compact source 
32.95 ~£.79 Close double 
39.56 ~0.04 Single compact source 
39.42 ~0,59 Close double 
197.14 ~0.85 Close double 
201,07 ~1.02 Single compact source 
203,52 ~ 1.40 Single compact source 
`: 2014:53 +0.51 Single compact source 
214.70 -1.75 Close double 
217.78 -2.95 Single compact source 
oS 213.13 +0.57 Double, ~1 arc min 
~ 223.54 ~2.82 Close double 
226.52 ~2.92 Single compact source 
224.66 -1.72 Single compact source 
229.87 ~0.64 Single compact source 
230.08 ~0.62 Single compact source 
227.09 +1.02 Strange source, ~1 arc min in extent 
238.40 —2.46 Single compact source 
237.32 —1.77 Single compact source 
245.16 +2.77 Single compact source 





* Also observed by Helfand et al.'®. 


some of the fainter ones) have been observed further? with the 
Parkes 64-m radio telescope at 5 GHz, so that spectral indices 
are available (with errors <0.1) for 325 of these small-diameter 
sources. From these lists we selected candidate young supernova 
< remnants on the criteria that the declination should be above 
~30° (so that reasonable maps could be made with the VLA), 
and the spectral index, a (where S(v)< v~*), should be between 
0.0 and 0.8, which covers the expected range for both filled- 
centre (~0.2 +0.2) and shell-type (~0.6 + 0.2) remnants. (Three 
other sources, each with flat spectra (a <0.4), satisfy these 
criteria, but these have already been observed by Helfand et 
al. in their unsuccessful search for new young ‘filled-centre’ 
remnants.) 
Table 1 lists the galactic coordinates (from ref. 9) of the 32 
sources we have observed. The four sources above declination 
+15° were observed in April 1984 with the Cambridge 5-km 
telescope.at 2.7 GHz, with a resolution of ~4 x 14 arcs (ref. 2), 
and the other 28 were observed in May 1984 with the VLA in 
C configuration at 4.9 GHz, with a resolution of ~4 arc s. Most 
f these objects are compact single or close double sources, and 
are presumably extragalactic. Four of them are, however, exten- 
« ded on a scale of ~] arc min: two are extended double sources 
and are probably also extragalactic. The other two extended 
sources are discussed below. 
G19+0.3 (Fig. 1) is a shell source with a radio surface 
tightness of ~7 10°? Wm? Hz’ sr! at 1 GHz, which is 
slightly less than those of Tycho’s and Kepler’s supernova 
temnants, but appreciably larger (by a factor of 25) than that 
of the remnant of SN1006. Its. radio spectral index is ~0.7, 
comparable with that of known. young shell remnants. It is thus 


“nearly circular, the i 





almost ce l ] 
of radio emission v consid 
ably around the shell and is strikingly similar to Kepler's supe 
nova remnant"! in this respect. A maximum galactocentric radius 
of ~20 kpc gives an upper distance limit of ~30 kpe for this 
object, which then implies a diameter of <10 pc. (Compare this 
with Tycho, Kepler and SN1006 supernova remnants, with 
diameters of 5, 4 and 9 pc, respectively.) We conclude that the 
age of this remnant is between 400 and 1,000 yr. 

G227.1+ 1.0 (Fig. 2) is a very peculiar source, unlike known. 
galactic supernova remnants or extragalactic sources. Its surface 
brightness is ~2 x107? Wm? Hz"'sr™! at 1 GHz, which is 
similar to that of known young remnants such as those of Tycho 
and Kepler and 3C58. Its radio spectral index is ~0.6, and the 
non-thermal nature of the radio emission is confirmed by its 
high degree of polarization (Fig. 3). 

If this is a galactic object, it is likely to be closer than ~ 10 kpc, 
because its galactic longitude is 227°, towards the galactic anti- 
centre. Its linear size would then be <4 pc, consistent with a 
supernova remnant only a few hundred years old. 

Our interpretation of this source is that it is the result of a 
very recent supernova, at most a few hundred years old. The 
slightly limb-brightened lobes of fainter emission to the east 
and west would be a ring of ejecta from the supernova explosion 
which is beginning to be decelerated by its interaction with the 
surrounding interstallar medium. Furthermore, if the Faraday 
rotation to the source is small at 5 GHz, then the magnetic field 
alignment is tangential to the edge of the emission in the eastern 
lobe, as might be expected. The brighter central plateau of 
emission is, in this interpretation, a young ‘filled-centre’ 
remnant, a plasma bubble powered by a pulsar, the compact 
remnant of the supernova explosion (which may be related to 
the one of the compact features visible in the brighter region in 
Fig. 2). 

If both objects are young but distant galactic supernova 
remnants, their parent supernova may have been observed his- 
torically, and they should also be observable as X-ray sources. 
However, there are no historical records of ‘guest stars’ (see ref. 
6) in the direction of either object, and neither is there a 
catalogued X-ray source". l 

The search for and detection of new young galactic supernova 
remnants described above confirms that present catalogues are 
incomplete with respect to young but distant remnants. Until 
this is rectified, statistical studies of galactic supernova remnants 
will be severely limited. On the other hand, the detection of 
further young supernova remnants will provide more objects 
that are relatively bright and easily studied. 

We thank the staff of both the 5-km telescope and the VLA 
for their help with the observations. The VLA is operated by 
Associated Universities Inc., under contract with the NSF. 
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Fig.3 CLEANed map of G227.1+ 1.0 restored with a 6 x4 arcs? 

beam. Contours of Stokes‘ parameter J, at 0.84 (1, 2,...10) mJy 

per beam with polarization E-vectors superposed where the polar- 
ized intensity exceeds 0.1 mJy per beam. 
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The characterization of short-wavelength scattering pheaca 
has been advanced by the study of diffraction catastrophes"? 
Examples include optical phenomena’ and molecular collisions’. 
The most familiar example of a diffraction catastrophe is the 
ordinary rainbow’~’. The angular variation of the scattering from 
a spherical drop locally corresponds to that of a fold-diffraction 
catastrophe! 2, a result most clearly seen with monochromatic 
illumination. We have studied the scattering from drops whose 
shape closely approximated that of an oblate spheroid with the 
short axis—the symmetry axis—vertical. The drops were illumi- 
nated by a horizontally propagating gaussian beam with a 
wavelength A = 633 nm. These drops were observed to scatter in 
the horizontal rainbow region with patterns like those of hyper- 
bolic-umbilic (classification D7) diffraction catastrophes'**. Vis- 
ible Dj diffraction patterns observed previously include light 
transmitted by frosted glass surfaces and by liquid lenses clinging 
to tilted glass plates"* 

Figure | shows the ray diagram of the primary rainbow of a 
spherical drop. For the once-reflected (twice-refracted) rays 
there is a minimum scattering angle of Op = 138° and the associ- 
ated ray is known as the Descartes ray. When the scattering 
angle @ is between @, and 166°, there are two rays of the class 
shown. The rays labelled | and 2 are for @ = 152°. In the two- -ray 
region, intensity oscillations produce the supernumerary arcs” 
Figure | is also applicable to rays which lie in the horizontal 
equatorial plane P of the spheroidal drops; P cuts the drop’s 
surface in a circle and both the incident ray and the local surface 
normals lie in P. 

In our apparatus (see Fig. 2), a horizontal metal plate was 
coupled to a piezoelectric vibrator which was driven at a 
frequency of 27 kHz. A curved reflector (not shown in Fig. 2) 
was placed above the plate’s centre so as to establish an acoustic 
standing wave in the air below the reflector. Drops of distilled 
water could be levitated in this wave by an upward-directed 
acoustic radiation pressure. (The levitator is similar, in principle, 
-to-one described in ref. 11.) Figure 3 shows a levitated drop. 
The oe shape is due to the spatial distribution of the radiation 

. In addition to the deformation evident in Fig. 3, 
hep ‘vibrates at 27 kHz with surface displacements which 
“are too small to affect the light scattering. The drop’s diameter 
will be denoted by D in plane P, and by H along the 
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Fig. 2 Schematic view of the apparatus from above. The drop is 
held 11mm above the plate and the optical axes of the cameras’ 
lie near a horizontal plane containing the drop. The diffuse light 

is usually turned off. 





Fig. 3 Photographs of an acoustically levitated drop having a 
diameter D = 2.3 mm. The drop was illuminated both with diffuse 
light and the laser beam. The four patches on the left are due to 

refracted laser light. 


vertical symmetry axis. Raising the ultrasonic amplitude 
increases D/H. 

The scattering was photographed for randomly polarized 
illumination from a He-Ne laser. The camera was focused on 
infinity so that the pattern recorded was equivalent to. that in 
the far field (which is at distances r» D?/A from the drop). 
Horizontal and vertical coordinates in each photograph were’ 
linear in the horizontal and vertical scattering angles 0 and 8, 
where £ is relative to plane P. The camera viewed the region: 
136°< 0 < 148°, -6°< B<6°. 

Figure 4a shows the scattering from a slightly nonspherical 
drop having D = 1.9 mm. The intensity modulations are similar 
to other photographs of supernumerary arcs with laser ilumina- 
tion'*. Within experimental uncertainties, their spacing is as 
predicted by Airy theory’. Figure 4b-f are the patterns for 
another less nearly spherical drop. For Fig. 4b the drop had 
D=1.39mm and D/H = 1.23; smaller values of D/H gave 
patterns similar to Fig. 4a. Changes in the pattern with changes 
in D/H were also viewed through the camera’s lens by eye, 

Figure 4d manifests the parallelogram and caustic struc- 
tures characteristic of focal section patterns of DZ diffraction: 
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atastrophes. Consequently, the normal form’? of the associated 
iffraction integral has the control parameter. C, = 0. Evidently 
the transverse control parameters C, and C; are locally related 
to B and @-~ @, by a linear transformation. The parallelogram 
structure is sheared with an apex angle =43.5+ 1°. Figure 4b, 
, e and f correspond to sheared and scaled sections of Di 
patterns having C, # 0. Inspection of the patterns of the elemen- 
tary catastrophes’ confirms that only the DJ describes our 
observations. 

When C, #0, the D3 pattern may be partitioned into three 
angular regions according to the number of stationary points of 
the phase function within the diffraction integral *®. The num- 
ber of points corresponds to the number of once-reflected (twice 
refracted) rays which contribute to the scattering. This partition- 
ing is shown in Fig. 5a for the pattern in Fig. 4c. That the 
right-most region has four rays was confirmed by direct observa- 
“tion. A camera having a small aperture, positioned as shown in 
Fig. 2, was focused on the drop. Figure 5b is drawn from a 
representative image so as to show the locations of the four 
observed rays. Rays | and 2 lie in plane P and correspond to 
those in Fig. 1. Rays 3 and 4 are horizontally directed, having 
B= 0° when outside the drop. They are skew rays because inside 
the drop they do not lie in a horizontal plane. These rays were 
not anticipated from previous studies'*’* of rainbows of 
‘spheroidal drops, which considered only rays confined to a 
piane, 

Other features observed were consistent with those expected 
ofa Dj diffraction catastrophe at short wavelengths à « D. The 
axis ratio D/H which gives C,=0 should be independent of 
) for spheroidal drops having the same refractive index. To 
check this prediction, drops were illuminated with diffuse white 
ght (see Fig, 2) and their profiles were photographed. Before 
“each photograph, D/H was adjusted so that the laser scattering 
pattern was a focal section as in Fig. 4d. Photographs of six 
drops having D of 1.5-2.4mm gave axis ratios not correlated 
with D. The average measured D/H of 1.305 £0.016 is a lower 





Fig.4 Photographs of rainbow region 
scattering patterns arranged in order 
of increasing drop axis ratio D/ H. The 
horizontal scattering angle 0 increases 
from left to right. The cusp in b moved 
into view from the right as D/H was 
increased. d is the focal section of a 
hyperbolic-umbilic diffraction catas- 
trophe while c and e manifest the 
unfolding of the catastrophe in 
response to small changes in D/H. 
Scale bar, 5° 


limit of the true axis ratio because any misalignment of the 
camera's optical axis from the equatorial plane would give a 
systematic reduction in the measured D/H. 

For scattering from large spherical drops, Airy’s theory'’ 
predicts that when 6 = @,, the intensity Z at a distance r has 
Px<(D/aAy?(D/rY. Examination of the Di diffraction 
integral ó gives Joc(D/A)?(D/r) when Cy, 8 and @— êp all 
vanish. Visual inspections and photographs confirm that the 
scattering near the apex of the focal section appears brighter 
than that near Og of the other sections such as Fig. 46 and c 
This focusing for C,~0 may be observable in nature when the 
Sun is close to the horizon. Raindrops having D=4mm have 
an axis ratio ~|.3, However, such large drops are flattened 
below the centre’? and the effect on the focusing is not known. 

These experiments were carried out while P.M. was at the Jet 
Propulsion Laboratory on a sabbatical leave. The research was 
partially supported by NASA and by the Office of Naval 
Research. 
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Fig.§ a, Partitioning of the angular regions implied by the theory 

of hyperbolic-umbilic diffraction catastrophes for sections having 

C, #0. b, Ray locations evident from the patches in Fig. 3. The 
camera's aperture was in the four-ray region. 
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An experiment by Marston and Trinh', showed how an oblate 
spheroidal water drop illuminated by a parallel beam of light 
forms a caustic in the far field characterized by the hyperbolic 
umbilic catastrophe—a generalization of the primary rainbow 
formed by a spherical drop. As the axis-ratio of the drop was 
changed, they observed a singular section of the catastrophe 
appearing for D/H = 1.3054 0.016—D being the diameter in the 


horizontal equatorial plane and H the diameter along the vertical | 


axis of rotational symmetry. I show here how this ratio may be 
calculated to confirm quantitatively the arguments’ that the hyper- 
bolic-umbilic catastrophe is associated with skew rays, and predict 
‘the occurrence of novel ‘lips’ phenomena, yet to be observed. 

PQRQ’P is the critical (Descartes) ray in the equatorial plane 
(Fig. 1). Keeping the incident direction fixed, if we were to move 
the entry point away from Q, but still in the equatorial plane, 
standard rainbow theory would then tell us that the resulting 
angle of deviation is a minimum for entry at Q—the angles of 
incidence, i, and refraction, r, are given by sin i = V{(4— w°)/3}, 
sin r= V{(4—7)/32"} and are connected by Snell’s law sin i= 

_ je sin r, where u is the refractive index. 

If we now vary the entry point in the perpendicular (vertical) 
plane, still keeping the incident direction fixed, the once- 
refracted ray will, in general, pass above or below R by a 
first-order amount. However, we can show that, for a critical 
value of D/H, it continues to pass through R, to first order, 
and therefore emerges (by symmetry) displaced from the 
equatorial plane but without change of deviation, to first order. 
That is, we have directional focusing in the vertical as well as 
in the horizontal plane. Such simultaneous focusing in two 
directions gives rise to what is called, in catastrophe optics, an 
umbilic caustic. At R there is a horizontal focal line. 

To find the critical D/H take the axes as shown, let the point 
of entry move vertically by £, and assume that the refracted ray 
passes through R. To first order the direction cosines of the 
incident ray, the normal to the surface and the refracted ray are 
the rows of the determinant 







sini 0 cosi 
0 e/p 1 
sinr e/s cosr 


; where s =QR =D cos r and p is the radius of curvature of the 
urface in the vertical plane, }H’/D. 











































Fig. 1 The equatorial (horizontal) section of a spheroidal water: 
drop showing the critical ray of minimum deviation. 


SOT, 


a b c d 


Fig. 2 Sequence of caustics in the far field as D/H increases. 
from 1. a, The circular rainbow with a singular point at its centre 
On perturbation the point breaks up (b,c) into an expandin: 
four-cusped figure. At d, two hyperbolic umbilic foci occur, On 
further increase of D/H, the inner figure contracts (e), and then 
disappears (f) in a lips event. The angular width of the complete 

figure is the same throughout. 


Snell’s law is satisfied to first order without further conditions 
but for the three directions to be coplanar the above determin 
must be zero. A short calculation then yields the surprisingly 


simple result 
D y 3u? 
g era ET 


Putting » =1.3317, the refractive index of water at the 
wavelength used in the experiments (A =633 nm), gives D/H = 
1.3114, which agrees with the observed value of 1.305 +0.016 
This is a stringent test that the shape of the drop is spheroidal 

I now show, using the principles of catastrophe optics, tha 
the global topology of the caustic is that sketched in Fig. 2 
taken from Hannay’s work in appendix 2 of ref. 2. First notice 
that as u 2, the above critical ratio D/H > | and that both 
and r approach zero. That is, the caustic structure collapses into 
a single point in direction space (backwards)—the perfect ‘cats- 
eye’ reflector. Now unfold (that is, perturb) this degenerate 
focus by treating (2~ 2) and D/H as control variables; keeping 
D/H =1 and varying » from 2 causes the familiar rainbow 
circle to grow from the central point (Fig 2a). Now keep 
fixed and increase D/H: the sequence is then Fig 2a to f W 
two hyperbolic umbilics appearing symmetrically in ‘the 
equatorial plane in Fig 2d. These are the ones calculated above. 

The lips event occurring between Fig. 2e and f is at D/H 
V{u/2(u ~ 1)} = 1.4168 for the above value of u. (There appears 
to be a second horizontal lips event on the axis at D/H = 
V{(Qu -1)/2(u — 1)} = 1.5835, not part of this catastrophe and: 
arising from rays that pass through the centre of vertical cur- 
vature of the far side of the drop.) ; 

Equation (A2.2) in ref. 2 shows that the form of the wavefront 
that emerges from the drop in the most singular case (spherical 
drop with 4 = 2), specified by its deviation f(x, y) from a plane. 
is, to lowest order, f = A(x*+2x’y? + y*), which is a singularit 
of infinite codimension; that is, there are an infinite number of 
unfolding terms. However, the symmetry-breaking perturbation. 















































phe 
o establish directly that the umbilics calculated above are 
ndeed hyperbolic rather than elliptic would have required a 
complicated analysis of the cubic terms in the expression for 
the wavefront as it was refracted and reflected astigmatically 
‘through the spheroidal water drop. But recognizing that the 
umbilics are part of the unfolding of a higher catastrophe 
removes the need for this calculation, for there is no reason to 
“Suspect that they change their character when the unfolding is 
finite rather than infinitesimal, as assumed in the theory. Note, 
. however, that I have calculated the critical D/H ratios exactly, 
. rather than merely to lowest order in 2— and D/H —1. 
I thank Drs Marston and Trinh for showing me their letter 
before publication. 
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‘Investigations of the Méssbauer effect in nickel have been less 
fruitful than those on iron, because until now there has been no 
convenient resonance akin to the 14-keV transition (half-life 98 ns) 
in “Fe. So far the only available Méssbauer resonance in nickel 
has been the 67-keV transition (half-life, 5 ns) in ©'Ni, whose 
natural resonance line is so broad that its width is comparable to 
e nuclear Zeeman splitting in ferromagnetic nickel metal. The 
result if a spectrum comprising a single broad line instead of a 
--well-resolved splitting into discrete lines, as is the case for narrow 
„resonances. We have recently succeeded in a scattering experiment 
-in observing the Mossbauer effect in the 87-keV transition (half- 
_ life 1.7) in radioactive @Ni (t,,. = 100 yr). Because of the long 
_ lifetime of this state, its natural linewidth is smaller than that of 
‘Ni (x330), and the commonly used *’Fe (x17), but still larger 
than that of Zn (0.2), which has the highest relative energy 
resolution of all Méssbauer resonances in use. The use of “Ni 
should thus permit us in future to perform detailed Méssbauer 
‘Studies in nickel. 
The y-source for observing the Méssbauer effect in “Ni is 
Co (half-life 27.5-s), produced by the “Ni(t, æ) Co reaction 
with the triton beam of the Technical University of Munich 
‘Compact Cyclotron’. With this reaction, “Co could be produced 
essentially free of unwanted radioactivity, which is not the case 
“when using other projectiles. A production rate for “Co of 
_~1 mCi min™' was possible during irradiation with a triton beam 
of ~2 pA. 
A total of 15 targets were used to avoid accumulation of 
long-lived activity by repeated irradiation. The target material 
was metallic nickel foil of 27mgcm™? thickness and 10mm 
diameter, made of enriched (97.7%) “Ni. These foils were 
soldered to coin-shaped target holders made of copper disks 
6mm thick and 25 mm in diameter. A hole of 10-mm diameter 
was bored along the symmetry axis of the discs, leaving a 
all-thickness of 0.5mm at the bottom. The “Ni foils were 
soldered. using lead solder into this cylindrical cavity under 
vacuum conditions. Before irradiation the targets were cooled 
to liquid nitrogen temperature. Because of the energy loss of 
he tritons in the target foil, we are sure that the temperature 
of the “Ni is higher than 77 K during irradiation presumably 
allowing annealing of radiation damage in the nickel lattice to 


absorbed owing to the high hea 





ur. After , dissipa' e 

pacity of copper target holde 
thus rapidly cooling the target foil again to the temperature o 
liquid nitrogen. The sources were then quickly transported, 
within 6-8 s, to a measuring position, well-shielded from the 
accelerator. This was accomplished by rolling the targets through 
inclined tubes of rectangular cross-section. The absorber and 
scatterer was a Ni foil (12% © Ni, 15-mm diameter, 0.2-mm 
thickness), which was also cooled to liquid nitrogen temperature. 

We have used 41 mg of “Ni corresponding to 2.3 Ci of the 
100-yr half-life activity. Ferromagnetic nickel metal was chosen 
as the chemical form of source and absorber (scatterer), and 
both are thus subject to a magnetic nuclear Zeeman splitting. 
Only the unshifted central resonance line was covered by the 
velocity drive. The relative Doppler velocity between the source 
and the absorber (scatterer) was obtained by moving the absor- 
ber sinusoidally with a piezo-drive. The maximum velocity was 
35 um s™' and the velocity drive was calibrated by observing 
the well-known isomer shift between ©’GaCu and °’Zn--brass. 
The scattered and transmitted radiation of the sources were 
measured simultaneously by two planar intrinsic germanium 
detectors and recorded by two multichannel-analysers syn- 
chronously with the velocity of the drive. 

After more than 200 measuring cycles (altogether 10h of 
measuring time) a resonance line was seen in the scattering 
spectrum with a linewidth of 5 times the minimum resonance 
width, having taken the scatterer thickness into account. This 
spectrum is shown in Fig. 1. Its intensity corresponded very well 
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Fig. 1 Intensity of the recoil-less scattered radiation from a © Ni 
scatterer. (Only the central resonance line is observed.) 


with the value calculated by applying to the data the procedure 
of Debrunner and Morrison’. This indicates that the adopted 
Debey-Waller factor for liquid nitrogen temperature, derived 
from °! Ni experiments, reproduces the actual intensity very well. 
The resonance line disappeared when the temperature of source 
and scatterer was raised to room temperature. However, the - 
statistics were still not good enough to observe the resonance 
in transmission geometry. The broadening of the line is most 
probably due to radiation damage in the source material. 

We shall now try to reduce the linewidth and find a compound 
that gives an unsplit single emission line without generating too 
much unwanted radioactivity. Also certain basic experiments, 
such as the determination of the ground state magnetic moment 
of Ni, are being planned. 

We thank the Deutsche Forschungsgemeinschaft for their 
support. 


Received 23 August; accepted 11 October 1984. 


1, Wegmann, H., Huenges, E., Muthig, H. & Morinaga, H, Nucl. Instrum, Meth. 179, 217-222 
(1981), 
2. Debrunner, P. & Morrison, R. J. Rev, scient. Instrum. 36, 145-149 (1965). 








m diami-pore high-silica zeolite 


S. A. I. Barri, G. W. Smith, D. White & D. Young 


.BP Research Centre, Sunbury on Thames, Middlesex TW16 7LN, UK 





Synthetic high-silica zeolites (typified by ZSM-5) are powerful 
catalysts used extensively in the petroleum industry. The channels 
‘and cavities of their aluminosilicate framework render their 
catalytic activity very shape-specific. The varying attributes of 
individual members of this family depend primarily on subtle 
changes in framework topology. Unfortunately, these high-silica 
‘zeolites are difficult to synthesize as large, that is > 100 m, single 
crystals, so conventional X-ray structural methods are not 
appropriate. We have used a combination of techniques to elucidate 
the framework topology of a new, synthetic high-silica zeolite, 
Theta-1, which was first prepared as small <2 jim crystals in our 
laboratories. It exhibits a novel unidimensional 10-T-ring channel 
system with a medium pore structure, thereby differing from other 
known structure-types that classify zeolites and suggesting unique 
shape-selective properties. 

Crystals of Theta-! were synthesized as described previously” 
and exhibited rod-like morphology, being ~0.1 um in diameter 
and ~2 pm in length. For characterization, samples were conver- 
ted to the hydrogen form using standard methods'”, 2, The bulk 





SiO, : Al,O, molar ratio was determined by X-ray fluorescence 
Table 1 Adsorption properties of Theta-I 
Kinetic 
diameter V, 

Adsorbate (A) (em? g`’) Vi 
N, 3.64 0.1 0.21 
H,O 2.65 0.058 0.12 
n-hexane 43 0.089 0.18 
p-xylene 5.85 0.062 0.13 
Cyclohexane 6.0 0.021 0.04 
m-xylene 6.0 0.031 0.06 


Void volume V, (cm? g7’) is the total micropore volume in hydrogen 
form of Theta-1, calculated using normal liguid density at adsorption 
temperature. The void fraction, V= V, (cm? g~') xd, (g cm™°), where 
d, (=2.05 g om™*) is the measured crystal density. All samples activated 
by calcination at 550°C for 1 h. Adsorption measurements by micro- 
balance techniques at room temperature with relative pressure P/ Py = 
0.5. N, adsorption by single point Brunauer-Emmett-Teller test, 
~183°C P/ Py = 


(XRF) and. confirmed by magic angle spinning NMR 
(MASNMR)>. Typical XRF values were 60:1. °°Si MASNMR 
spectra showed peaks of relative area 13.9: 1 at —1 13 and —105 
p.p.m.. relative- to. tetramethylsilane, confirming? a tecto- 
aluminosilicate with a 60:1 SiO,:Al,O, ratio. This was sup- 
ported by a single” AI peak at ~57 p.p.m. relative to Al (H,O)3* 
indicative of tetrahedral Al. The adsorption properties of Theta- i 
were measured with a: range of adsorbates to probe shape- 
selectivity (Table 1). The results show that the zeolite is micro- 
porogs and that access to the pore structure becomes restricted 
at 6 
The structure of Theta-1 was studied by the diffraction of 
‘both. electrons and X rays. Selected-area electron diffraction 
‘patterns show orthorhombic symmetry and reveal unit cell para- 
eters with a short c-axis repeat value of 5 A which is par- 
larly ‘Significant i in zeolites. In addition, systematic absences 
are consistent with three possible space groups, namely Cmem, 
: C2cm and Cmc2,. The X-ray powder diffraction pattern was 
































































giving the dimensions a = 13. 836 +0. 003, b=17. 415(4 
5.042(1) A by refining 28 calibrated and measured lines. 

Structural analysis followed these multi-technique data. A 
framework density of 20.5 tetrahedral-atoms (T-atoms) per 
1,000 A? was calculated® from the crystal density of 2.05 gem”? 
measured by mesitylene displacement. Adsorption (Table D 
showed a maximum void fraction (V;) 0.21 which also gave® 
20.5 T-atoms per 1,000 A?. These translated to 24.9 T-atoms pet 
uc in good agreement with a minimum site multiplicity of 4 
(that is 24 T-atoms per uc) for each of the three space groups’. 
Trial structures for Theta-1 were evaluated by generating. 
sufficient possible Fourier projections in the a-b plane. fron 
experimentally- measured integrated intensities. (Such a metho 
is only possible for centrosymmetric projections down sh 
axes, such as the 5.04-A axis of Theta-1, where atomic overlap 
is minimized.) Full-matrix least-squares refinement of one trial. 
structure having the Cmc2, space group successfully converge 
to R=0.13 for 302 reflections (26<90°). The framework 
topology of this structure is shown in Fig. 1A, and the refined 
atomic coordinates are listed in Table 2. The mean of the seven 
independent Si-Si distances was 3. 10(7) A in a range: 3.01- 
3.24A with all distances lying within the 2o limit. The Si 
tetrahedral geometry was suitable. The range of 14 independent 
Si-O distances was between 1.50 and 1.65 A with a mean of 
1.59(6) A. The mean O-Si-O tetrahedral angle was 109(4)° in 
the range 102-118°. 

The proposed structure is rich in 5-T rings, as is expected for 
high-silica tectosilicate structures’, and can be constructed fro 
complex 5-1 secondary building units ©- (from ref. 8). Th 
places the proposed structure in the Mordenite (Pentasil) grou 





Table 2 Fractional atomic coordinates (x10°) 





Atom x y + ae 
Si() 283.8 (9) 50.3 (7) 250* 
SiQ) 201 (1) 215.7 (8) 312.(4) 
$i(3) $007 218 (1) 824 (6) 
Si(4) 5007 118 (1) 320 (7) 
OO) 264 (2) ~10(2) 493 (8) 
O(12) 214 (2) 125 (2) 309 (8) 
O(14) 404 (2) 65 (1) 280 (9) 
O(22) 257 (3) 257 (2) 534 (7) 
0(23) 407 (2) 269 (2) 795 (10) 
O(34) 500* 152 (3) 628 (10) 
O(43) 500* 187 (2) 1,132 (9) 





* Figures in parentheses give +s.d. 
+ Fixed parameter. 


of zeolite structures’, These include mordenite, ferrierite, 
dachiardite, epistilbite and bikitaite (ZSM-5 and ZSM-11). A 
projection in the a-b plane shows zig-zag chains of edge-shared 
§-5-T-rings (Fig. 1B) in the a direction linked by 6- T-rings in 
the b direction to form elliptical 10-T-ring channels running 
along the c direction. The same structural feature is found in 
ferrierite, ZSM-5 and ZSM-11 (ref. 9), although with different 
specific topology. In contrast, in the ¢ direction, projections 
strongly resemble comparable projections in bikitaite™ 0 and 
consist of interlinked 6-T-ring sheets. Thus, like bikitaite, the. 
proposed topology has a unidimensional channel system. The 
presence of 5-T-rings in Theta-1 is confirmed by IR spectroscopy. 
A band at 1,230-1,210 cm™' has previously’' been assigned to 
this structural arrangement. 

V, values for adsorbate molecules of different size and shape 
(Table 1) indicate a pore diameter of ~6 A similar to that found 
for ZSM-5. However, ZSM-5 has two intersecting !0-T-ring 
structural channels and a maximum V; of 0.32. The much lower 
value of 0.22 for Theta-1 argues for a unidimensional 10-T-ring 
channel system, also made. necessary by the very short c-axis 





Fig. 1 A, Theta-! framework viewed down axis ¢ This projection 

is similar to the a-c projection in the zeolite Bikitaite. B, Projection 

in the a~b plane of 5-5-T and 6-T rings to show the elliptical 10-T 
ting channels in the ¢ direction, 


Fig. 2 High-resolution transmission electron micrograph in the 
a~b projection. Insets show schematic proposed structure (left) 
and calculated image (right). 
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042 A). The * ASNMR of : minosi 
framework, dealuminated by calcination at 800°C, sho ed 
closely positioned Si(OA1) peaks at ~110.5, —112.4 and =113.9 
p.p.m. The broad width of the peak at ~110.5 p.p.m, (2.5 
compared with 1.9 p.p.m.) strongly suggests a composite of two 
peaks at very similar chemical shifts, or a minimum of 3 or 4 
crystallographically-distinct T-atoms. Using the relative peak 
areas, framework density, and space-group site multiplicity 
restrictions’, we obtained relative site occupancies of 8:8:8 or 
4:4:8:8 per uc. The proposed structure has four crystallographi- 
cally-distinct T-atoms of relative occupancy 4:4:8:8. The two 
four-occupied sites are topologically very similar and would be 
expected to have very similar chemical shifts. 

Direct evidence for the structural arrangement in the a-b 
projection (viewing down the main channels) has been obtained 
by high-resolution transmission electron microscopy, as shown 
in Fig. 2. The schematic projection for the proposed structure 
{oxygen atoms omitted for clarity) is inset, together with a 
theoretical image, computed for specimen thickness, operational 
parameters and imaging defects of the microscope’. 

The proposed structure of Theta-I is the first example of a 
new topologically-distinct structure-type. In accordance with 
IUPAC recommendations used to classify zeolites and related 
tectosilicates’, we propose to designate this new structure type 
as TON. The high-silica content and the 10-T-ring channels give 
Theta-! aluminosilicate similar properties to other medium-pore 
high-silica zeolites such as ZSM-5, ZSM-I1 and ferrierite. 
However, molecular shape selective catalysis in zeolites is highly 
dependent on the geometry and tortuosity of the channel and 
cavity systems'*. Matching the geometries of these channels and 
cavities with those of the reactants, products and transition states 
in a catalytic reaction gives insight into the zeolite catalytic 
activity and selectivity. Thus, the unique high-silica 
unidimensional 10-T-ring channel system, particularly the lack 
of channel intersections and associated ‘cage’ volumes'*, should 
give Theta-! valuable structure-specific properties. The natural 
zeolite Laumontite'® also has a unidimensional 10-T-ring struc- 
ture. However, it is a low-silica zeolite (SiO,:Al,O, range 
3.5-4.56) and thus can be expected to have a low thermal stability 
in the hydrogen-form for many of the catalytic and separation 
applications potentially feasible for Theta-1. 

Recently, several novel zeolites have been reported; Nu-10 
(ref. 15), KZ-2 (ref. 16), ISI-1 (ref. 17) and ZSM-22 (ref. 18). 
Their X-ray powder diffraction patterns are consistent with their 
also having the TON structure type. 

We thank B. M. Maunders, R. M. Highcock, 1. D. F. Poplett, 
S. Ramdas, D. M. Thornley and D. Wood (BP Research Centre), 
G. R. Millward (University of Cambridge) and J. Dwyer- 
(UMIST) for valuable contributions, S. Cartlidge (BP Research 
Centre) for helpful discussions and BP International PLC for 
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-recoil effects of — 
u anium in the Oklo reactor 
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Until recently, it was thought that chemical elements were eye 
sized only in stars. The discovery of the Oklo phenomenon’ 
1972 revealed, however, that there was a nuclear ‘fire’ on the Earth 
1,700 Myr ago. We have now carried out a series of acid-leaching 
experiments on a sample of uranium ore from reactor zone no. 10 
of the Oklo mines in Gabon, Africa, and observe anomalously 
high 2341)/2381) ratios accompanied by modestly increased 
UU ratios in uranium fractions. These results, which can be 
interpreted as being due to the a-recoil effects of **U and *°Pu, 
provide a convenient way of calculating the conversion factor (or 
the fraction of uranium atoms converted to plutonium) of the 
natural reactors from radiochemical data, obviating the necessity 
for mass-spectrometric measurements. 

Almost 30 years ago, Cherdyntsev’” discovered that the 
24U7/ BU ratio does not remain constant in a mineral extract: 
for example, uranium in a zircon extract showed a 74U/?*U 
ratio of 1.8 (Ci/Ci) while i that of surface waters was sometimes 
as high as 7-8. Kigoshi'’ proposed that the excess **U may 
come from a-recoil *“Th atoms ejected into the groundwater. 
Kobashi et al.'''? have carried out a series of leaching experi- 
ments with the radioactive minerals euxenite, uraninite and 
samarskite. Their results. indicate that the observed isotopic 
fractionations of uranium, thorium and radium can be attributed 
to the difference in physicochemical state between the isotopes 
in the minerals and can be explained in terms of: (1) damage 
due to a-recoil displacement; (2) annealing; and (3) the differ- 
ence in oxidation states between SU and **U. Anomalously 
high 7**U/?"*U ratios are sometimes found in secondary minerals 
containing uraniun. For example, Sakanoue and Komura’? 
found a value of ~15 for a sample of maghaemite from the 
Abeshiro mine in Aomori Prefecture, Japan. Detailed studies 
on the nature of a-recoil and preferential solution effects have 
recently been carried out by Fleischer and co-workers'*"'° using 
the fission track counting.method. We used 1.089-g sample of 
powdered uranium ore from reactor zone 10 of the Oklo uranium 
deposit in the Republic of Gabon, Africa. The uranium content 
of this ore sample, which was a steel-grey colour, was 34.5% 





















































series of experiment Pecan with 40 eni of OLM HCL, and 
was subsequently treated successively with 6 M HCl, 9 M HCI 
and 8 MHNO.. The first passage of the 8 M HNO, solution 
through the column resulted in a marked increase in “the 
rate of reaction. When this step was completed, the residue was 
transferred to a small beaker and treated with 8M HNO, 
for ~3h at near boiling point. The residue was filtered and 
washed with 8 M HNO). The little residue which remained 
after this was transferred to a Teflon beaker and treated with 
concentrated HF. 
The radiochemical procedures used to separate and purify 
the uranium were essentially those used by Sakuragi et al’ 
The a-spectrometry was carried out with an ORTEC-576 a 
spectrometer with:duel silicon surface barrier detectors (ORTE 
BR-21-300-100) attached to a multiplexer/router (ORTEC-476) 
and a multichannel analyser (Norland Ino-Tech IT-5300). Th 
FWHM for the 7*U and SU peaks is ~40-50 keV. Because a 
energies of “Ra (4.785 MeV) and ”°Th (4.684 MeV) are clos 
to that of °4U (4.773 MeV), we made sure that thorium and 
radium had been completely removed from the purified uranium 
fraction. 
Table 1 shows the experimental results. Figure 1 compares 
the @ spectra of fractions 4 and 10. The most remarkable feature 
of our results is the extremely high?"*U/***U ratio of the uranium 
fraction from leaching step 10 (64.3 43.0), which is far greater 
than the values reported py previous investigators with various 
radioactive minerals”! 
Most of the uranium in the ore sample had been dissolves 
in the acid solutions by the time the 8 M HNO; treatment was 
completed and leachate fraction 7 was obtained. The observed 
2341) /?35L) ratios in leachates 3-7 were essentially the same’ as 
the radioactive equilibrium value of 1.00. The.marked increases 
observed in the 7*U/***U ratios in fractions 8-11 may be ¢ 
to the fact that. we are observing a preferential solution eff 
of recoil atoms of 7*U present in mineral phases whose ura 
content was much lower than that of the reactor core material. 
The Oklo ore sample studied here contained ‘tiny inclusions of. 
haematite, clay and breccia. These inclusions, which contained 
very little uranium initially, may have been accumulating recoil 
atoms of °*U over many years. The 7*“U atoms which entered 
the crystal lattices of the mineral inclusions would be loosely 
held and could be leached by the acid solutions much more 
easily than any °U and ”®U originally present. Alternatively, 
if the effects are due to emplacement of recoiling nuclei into a’. 
second, relatively low-uranium phase adjacent to the dominant. 
uranium-rich mineral, direct dissolution of the surface layers - 
would remove the implanted atoms and so produce the observed 
effect. 
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Table 1 Variation of the isotopic composition of uranium extracted from a sample of Oklo ore deposi in the acid-leaching ex] ts 
: Amount of U 
Fraction leached 3341 /238y 2351/38 U 

no. Acid used (mg) (Ci/Ci) (Ci/Ci) Notes 
1 0.1M HCI* 1.15+0.03 0.035 + 0.004 ° 3 j 
2 0.1 M HCIt o 12240.02 0.037£0.003  Leached with 40 cm’ of acid for 1 day 
3 6 M HCI* 110.3 0.97 +0.02 0.039 + 0,003 Leached with 200 em? of acid for 
4 6MHCIt i 1.02 + 0.03 0.036 + 0.004 several days 
5 9M HCI* 1.03 +0.05 0,035 + 0.096 3 3 ; 
6 9M HCI? 91.8 101+003 0.036+0.005 Leached with 40 cm? of acid for 2-3 h 
7 8 M HNO,* 1.01 £0.04 0.045 + 0.007 
8 8 M HNO,¢ 85.9 4.14+0.28 0.051+0,014  Leached with 60 cm? of acid for 2-3 h 
9 8 M HNO,§ 5.47 +£0.42 0.065 + 0.019 

10 8 M HMO, (hot) 12.3 x10977 64.3 +3.0 0.12040.017  Leached with $0 cm’ of acid: heated for about 3 h 

ii Conc. HF (hot) 11.1 x10 21.02+0.51 0.064+0.006  Leached with 50 cm? of acid; the residue was 


completely brought into solution 






















acid solutions through the ore sample. 
*Initial fraction. tFinal fraction, {Final fraction 1. §Final fraction 2. 


©: A marked increase in the *“U/#*U ratio observed in leachate 
fractions 8-11 is accompanied by a modest increase in the 
5/38] ratios (Table 1, Fig. 2). The observed increase in the 
?°U/8U ratio in some of the leachate fractions of the Oklo 
ore samples is to be expected, because the reactions 


238Uj(n, yU B- 2°Np B~ 239py 


must have occurred on a large scale when the Oklo reactors 
were in operation. The a-recoil of the decaying °Pu atoms 
“may have implanted the atoms of ”5U in the crystal lattices of 
‘nearby mineral inclusions. 

_ The experimental data obtained here can be used to calculate 
the values of conversion factor C for the natural reactors, which 
„can be defined as 


dN. 
7 ae = ~ Ny35035(1 -— C)® 
t 
= — Na350335® + No39A239 (1) 


where ® is the neutron flux, Cas is the neutron-absorption 
¢ross-section of SU and Az is the decay constant of ”°Pu. 
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| Fig.2, Variation of the ™4U/2U and 75 /**U ratios of uranium 
extracted from a sample of Oklo ore deposit. 


| The sample was packed in a plastic column of a diameter | cm attached to a glass container into which a certain volume of acid solution was 
introduced. The acid solution was allowed to flow through the column containing the uranium ore sample at a slow rate and collected in a small 
` beaker ot a test tube. Only a small volume of leachate solution, which was collected at the beginning and at the end of each leaching step, was 
analysed for the uranium isotopes. A pressure of ~0.5-1.5 m (water-equivalent) was applied to the leaching column to speed up the passage of the 


Because the same relationship holds for the 7°U atoms ( N835) 
which were created by the decay of ”*Pu atoms, we also have 





AN®. 
Fi = ~ N3350935P + NosgAoso (2) 
and, solving equations (1) and (2), we have 
l log (N235/ No) (3) 


ma Ocoee off 
C Nas) (As) ( Tas) | 
lo hı : (= oe e 
i Na3s/ \ Aasa/ \ Taze 


where A$,s is the activity of recoiled 5U atoms from ™°Pu, 
A234 is the activity of recoiled ”*U atoms from 7°U, Ts, and 
T 3g are the half lives of ”5U and ***U, respectively, and N335/ No 
is the ratio of the **U contents of the uranium in the natural 
reactor and in the normal uranium ore, respectively. 

For the uranium sample from reactor zone 10 of the Oklo 
mines, we have (No35/ No) = 0.00660/ 0.00725, (A84y5/ Aga) = 
(0.120-0.036)/ (64.3-1.0) = 0.084/63.3 (see the data shown in 
Table 1, fraction number 10) and equation (3) yields a value of 
C = 0.26, Similarly, the observed °*U/7*U and ?°U/**U ratios 
for fraction 11 yield a value of C = 0.27. Hageman et al. and 
Neuilly et al.’ have reported values of C ranging from 0.37 to: 
0.58 and from 0.12 to 0.69 for a number of Oklo samples which 
they studied, respectively. 

The investigation was supported by NSF grant ATM 82-06718. 
We thank Professor Jingui Deng of the Beijing Institute of 
Uranium Geology for providing the Oklo reactor sample. 
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erop lyacid with carbon as a 
1eteroatom in a Keggin-like structure 
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Inthe group of compounds called heteropolyacids based on hetero- 
polyanions represented by the general formula (MiM,Q,)”, 
where the host atom M is usually tungsten or molybdenum, the 
‘most familiar are the 12-heteropolyanions. (or acids) in which 
xty= 1:12 and the heteroatom M’ is Si, Ge, Sn, P, As, or the 
like. Structural investigations’ have shown that the anion has 
a cage-like structure known as the Keggin structure. Generally, 
12-heteropolyacids with this structure are strongly acidic and are 
‘also remarkably stable; H,(PW,,0,9) - nHO, for example, can 
‘be solidified from solution. I have obtained a novel compound 
believed to be a kind of 12-heteropolyacid (to be termed dodeca- 
tungsto-carbonic acid) with carbon as the heteroatom. The consti- 
‘tution of the new material is supported by the results of infrared 
and Raman spectroscopy. 
«Tungsten carbide WC (commercial powder) was dissolved in 
“a. 15% hydrogen peroxide (H,O,) solution, giving a strongly 
acidic solution almost without colour. (Although the reaction 
of WC with H,O, appears not previously to have been reported, 
reactions of Mo (metal) and MoQ, with H,O, are known.*) 
Excess H,O, was removed by catalytic decomposition using a 
platinized net, and the small amount of carbon soot floating in 
the solution, probably caused by free carbon in the WC, was 
carefully removed using 0.6-jm filter paper. The clear solutions 
thus obtained were dried at 50°C and at 100°C to give yellow 
non-crystalline solids (solid I and solid II, respectively). 

The amount of CO, evolved from solid I] by heating at 650 °C 
in an oxygen stream was measured by gas chromatography, 
From the weight of the residual solid, which appeared to be 
pure WO3;, and the amount of CO, evolved, the ratio C/W in 
solid I] was determined to be 1:12.00 (with a standard error of 
0.45). No significant differences of the ratio were found when 
solid II was heated in an O, or He stream, indicating that its 
carbon is not in elemental form. 

Thermal decomposition of solid II was followed by ther- 
mogravimetric analysis (TG) and differential thermal analysis 
(DTA) in a dry air stream, and solid II was found to decompose 
below 700°C (Fig. 1) in two steps, each accompanied by an 
endothermic peak. The sole exothermic peak at 450°C, which 
is not accompanied by weight change, may represent a crystal 
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Fig. 1 Thermogravimetric (TG) and differential thermal analys 
(DTA) for solid IL Initial sample weight, 72.1 mg; heating ra 
(T), 10°C min™!; atmosphere; dry air (30 cm? min™), 


phase change. Identical results were obtained in an Ar strear 
showing that oxidation (for example, of CO) could not. have 
been involved. The first endothermic step in the decomposition 
was shown to be dehydration by heat-treating solid TI at. 200°C 
for 40 min, when CO, analysis of the material (solid III) revealed 
that the ratio C/W is again 1:12. 

From the amount of weight loss in the second step, begini 
at 280 °C, the empirical formula of the compound in the inte 
mediate stage (solid III) is calculated to be CO, 12W0;-4H;0 
and, with the help of the TG data, the composition of solid: 
is found to be CO,:12W0O,:16H,0. 

The infrared spectra (Fig. 2) of solids I, II and III each have 
a band at 1,730 cm™', although that in the spectrum of solid 
is indistinct. The same vibrational frequency i is characteristically 
found in heteropolyacids with anions of the Keggin type | 
as H;PMo 204: nHO, and has been assigned to the frequ 
of pyramidal hydrated protons in groupings such as H,0° 
H;07) (see refs 5, 6). me 

These results suggest that the compound may be a type y 
12-heteropolyacid with an anion whose atomic arrangement is 
the same as, or similar to, the Keggin structure, so that it may 
be written as H4(CW,2040) : nHO or, more properly, 


(HO). (HLCW,,035 mE (n~ 2)H,O 
or 
(H507) (H3CW,:030) : (n — 2)H,0 


In an anion of Keggin-type incorporating P, for example, 
four W;0,, units (each constructed from three WO, octahedra 





Table 1 Vibrational frequencies of CO, group (cm™') 








Sample Infrared/ Raman 
Solution I Raman 
Solid I Infrared 
Raman 
Solid H Infrared 
Raman 
Solid LI Infrared 
Raman 
CaCO,” Infrared 
Calcite Raman 
€acCo,* Infrared 
“Aragonite Raman 
‘Selection rule Infrared 
Raman 

Infrared/ Raman 






t detected; ( ), vague because of overlapping bands; +, active; — 
site: Symmetries (D, in calcite and C, in aragonite) shown for comparison. 



















n (Ai) p(AZ nE’) 
960 890 ND 
970 880 1,350, 1,400 
970 890 ND 

870 1,400 
950 ND 

(900) 1,400 
950 ND 

879 1,429-1,492 

1,087 1,432 

1,080 866 1,492, 1,504 

1,084 852 1,460 

= + + 
+ - + 
-+ + + (split) + (split) 


, inactive; *; vibrational frequencies of two types of CaCO; having 
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_ Fig.2 Infrared spectra of solids I, H and HI, recorded using the 
KBr pellet technique. Transmission has an arbitrary scale. Bands 
- around 3,400 and 1,620cm7! are due to H,O in the solid states. 

Kinks around 2,400 cm™' arise from the influence of CO, in the 
atmosphere. 


WO, 
octahedron 






Heteróatom” \ Tetrahedron 

‘Fig. 3 Schematic structure of heteropolyanion (XW, 2040)" with 
e Keggin structure. A heteroatom such as P is placed in the 
‘centre of the tetrahedron, whereas carbon in these compounds may 
occupy the centre of one of the tetrahedral surfaces. 


vith common edges) are linked by common corners to give a 
-tetrahedral cavity (Fig. 3). A heteroatom such as P at the centre 
then: provides a tetrahedral PO, group with four oxygens for 
ach wO; unit. Specific bands due to vibration of the XO, 
oup can be seen in infrared and Raman spectra of compounds 
ith this. structure. 

The infrared band around 1,400 cm™' is, however, distinctive 
or the present compounds and must be assigned to one of the 
ibrations due to the C—O bonds (Fig. 2). Although the CO, 
“group, the orthocarbonate anion, is formally equivalent to PO, 
or SiO,, this is an uncommon grouping for carbon which is 
_ found only exceptionally in esters such as C(OCH;),. Moreover, 
the vibrational frequencies due to CO, are unlikely to appear 
in the vicinity of 1,400 cm™'. 

Itis, therefore, more reasonable to suppose that carbon in 
hese compounds is formed into the familiar CO, group. An 
frared active band (or bands) due to the v, of this planar 
‘group is usually found in the range 1,400-1,500 cm”! as, for 
‘example, in calcite’. From among the ‘vibrational frequencies 
ybserved in the infrared and Raman spectra, those which can 
assigned to the fundamentals of CO, are shown in Table 1. 
her bands below 1,000 cm! are attributed to the WO, groups. 
The symmetry: (Dap) of COQ, in an isolated state is usually 
owered in both the solid state and in solution by interactions 
ith ligands. or surrounding molecules, resulting in modified 
selection rules and/or the splitting of degenerate bands. The 
wo infrared bands at 1;350 and 1,400 cm”! for solid I are due 
the splitting of v, at sites of C, symmetry, but the correspond- 
ng frequency is not split in solids TI and III, indicating D, 
symmetry. The Raman bands in solids I and H at 950-960 cm™', 
which are due to the totally summetric vibration (v,), are Raman- 
active only in D, symmetry and cannot be detected in the 
infrared spectra of my samples, The frequencies r, of solids I 





all four vibrations must be active in both infráred and Rama 
modes, and these bands are indeed found in the spectra of solid” 
I except for the Raman band r,, which was presumably not 
detected because the signals are too weak. 

These observations are evidence for the existence ofa novel 
heteropolyacid, H,(CW,.O4,):n H,O, based on the anion 
(CW,.049)*" (or, more properly, (H CW,04) 7 or 
(H3CW,2@a9)") which incorporates the CO; group. This may 
be a kind of carbonato-complex in which carbon occupies the: 
centre of one surface of the tetrahedron in the Keggin structure, 
to give rise to bonds with three oxygens out of four belonging 
to each W,;0,, ligand. 

I thank Drs M. Katsumoto, J. Shimada and T. Iwayanagi for 
helpful discussions. 
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Major ion chemistry of the 
Ganga—Brahmaputra river systems, India 
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Rivers are the main pathways by which continental weathering 
products are transported to the oceans so that the chemistry of 
river waters and the flux of elements transported by them to the 
oceans are central to our understanding of the exogenic cycles of 
elements. There have been several detailed studies of major 
rivers and we now report the major ion chemistry of another, 
the Ganga—Brahmaputra. These are two of the large rivers which 
drain the Indian subcontinent and they transport annually ~10'* 1 
of water and ~2 x 10"* g suspended matter to the Bay of Bengal’. 
On a global scale, these rivers rank fourth in terms of flow, and 
first in terms of sediment. transport®’. Studies on the continental 
denudation rates and the budgets of major elements in the ocean, 
would, therefore, be incomplete without good geochemical data on 
these rivers. Our studies show that the Ganga—Brahmaputra system 
transports some 118 million tons of dissolved solids annually to 
the Bay of Bengal and that their water chemistry is dictated by 
the weathering of carbonates and contributions from soil salts 
and/or saline groundwaters. 

The Ganga originates in the Gangotri glacier in the Kumaun 
Himalayas and is known as the ‘Bhagirathi’ at its source. The 
Alaknanda is the major tributary of the Bhagirathi, and after 
their confluence at Devprayag the river acquires the name 
‘Ganga’ (Fig. 1). The major tributaries of the Ganga are the 
Gomti, Ghaghara and Gandak from the north and the Yamuna 
and Son from the south. The Chambal, Betwa and Ken are the 
major tributaries of the Yamuna. Although all these rivers are 
perennial, the peak flow in all of them occurs during the south- 
west monsoon, July-September. The Brahmaputra originates in 
the Chamyungdung glacier in the Tibetan Himalayas. Several 
tributaries join the main river in the Assam valley, a major one 
being the Manas. The Ganga and the Brahmaputra merge in 
Bangladesh, before their outfall into the Bay of Bengal. 

The Ganga and its tributaries were sampled during three 
seasons, March, September and December 1982, representing: ©’ 
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Table 1 Major ion composition (pmol 17!) of the Ganga and Brahmaputra. rivers and their tributaries 









Sample 
code* Location Na K 

Highland rivers 

26, Ganga Hardwar 59 38 

28, Ghaghara Ayodhya 96 59 

32, Gandak Hajipur 14 84 

22, Brahmaputra Goalpara ` 80 46 

23, Manas Goalpara 94 42 
Lowland rivers 

24, Yamuna Agra 1,401 130 

30, Yamuna Allahabad 556 57 

25, Chambal Dhotpur 593 53 

34, Son Ara 240 40 
Ganga main channel 

26, Ganga Hardwar 59 38 

35, Ganga Garhmukteshwar 105 68 

27, Ganga Känpur 354 82 

29, Ganga Allahabad 425 79 

31, Ganga Varanasi 473 62 

33, Ganga Patna 280 63 














TDS 
Mg Ca HCO, cl sO, SiO, (mg 17") 
153 353 894 23 121 109 94 
232 528 1,601 26 16 114 144 
259 649 1,860 32 103 143 170 
148 318 884 29 99 118 92 
181 348 930 26 113 131 99 
395 794 1,921 1,172 412 170 287 
190 547 1,753 222 67 164 173 
337 829 2,531 284 76 296 247 
166 434 1,372 71 22 210 129 
153 353 894 23 121 109 94 
182 471 1,159 19 143 127 121 
242 565 1,829 78 103 157 173 
201 458 1,570 116 85 121 151 
188 514 1,707 162 n 147 164 
203 547 1,707 87 58 129 











taken during moderate flow (April 1982). 
* Numbers correspond to locations in Fig. 1. 


respectively lean, peak and moderate flow conditions. Samples 
from the Brahmaputra and Manas were collected during April 
and December 1982 (see Fig. 1 for the sampling sites). All the 
“samples were taken from surface waters, collected from the 
-mid-channel of the river either from highway bridges or by going 
into the rivers using small boats. Details of sampling and their 
_pretreatment are discussed elsewhere". pH,-dissolved O,, con- 
ctance and bicarbonate were measured on site. An aliquot of 
i sample was filtered within ~6 h of collection through 
a 0.45-um Millipore filter using a polycarbonate filter system’. 










Measurements were taken during peak flow for all rivers (September 1982) except for the Brahmaputra and Manas, for which measurements. 






The filtered water was split into two fractions, one of which was 
preserved unacidified and the other acidified to pH~ 2 using 
HNO. The filtered. unacidified samples were analysed in the 
laboratory for major cations and anions using appropriate 
methods*. The major ion composition of the Ganga and: its 
tributaries during their peak flow (samples 24-35; Fig: 1) and » 
that of the Brahmaputra and Manas during their moderate flow 
(samples 22 and 23; Fig. 1) are given in Table.1. The ‘highland 
rivers’ cover the Ganga (up-to Hardwar), Ghaghara, Gandal 
Brahmaputra and Manas, the ‘lowland rivers’ the Yamuna ( 
























Table 2 Average major ion composition (pmol 1~') of the Ganga B putea rivers and their tributaries 
TDS 
River Na K Mg Ca HCO, cl SO, SiO, (mgt) 

Ganga* $33 83 257 475 1,751 146 112 112 170 

‘+ /Ghaghara 131 6l 270 562 1,777 29 82 124 159 
. Gandak 104 85 285 655 1,886 52 130 147 177 
Yamunat 933 62 290 573 2,183 382 120 157 222 
Chambal 827 56 374 792 2,627 337 120 260 262 
Betwa 2,377 53 690 502 4,238 426 1 237 388 
Ken 701 54 461 550 2,683 233 52 214 241 
Son 277 43 191 464 1,507 93 27 214 142 

` Manas 94 42 181 348 930 26 113 131 99 
Brahmaputra 92 48 157 351 957 3i 106 130 100 
Gangat 419 67 269 $83 1,966 140 83 132 183 
World average§ 191 38 166 398 1,019 105 96 207 115 





































See text for calculations of the average composition. 


Ghaghara, Son and Gandak; § from ref. 4. 


Allahabad), Chambal and Son. For brevity, the results from 
other seasons are not given here, but they are used to derive 
he average chemical composition of these river waters 
(Table 2). 
The major ions in river waters are supplied from the atmo- 
phere and from the weathering of rocks/soils in the drainage 
basin. The atmospheric contribution consists of two com- 
‘ponents, the marine cycle salts and the terrestrial inputs. Our 
study did not include the chemical analysis of rain water and 
hus it is difficult to obtain a precise estimate of the atmospheric 
supply of major ions to the river waters during the sampling 
period. However, the atmospheric contribution of marine cycle 
salts has been estimated from the available rain water data’, 
assuming that the measured chloride concentration in the high- 
land rivers, during their peak flow, is solely due to the marine 
contribution". These calculations suggest that, during peak flow, 
about 30%. of sodium in the highland rivers is of marine origin®. 
the lowland rivers, the Son has the largest marine component, 
45% Cl and 11% Na, The marine contribution of other major 
‘ions to these rivers is negligible. The estimated marine cycle salt 
contribution is an upper limit in that we have assumed that no 
chloride is supplied to the river water by weathering processes. 
That contribution can be taken to be small from the observation 
that the Cl concentration in highland rivers, during their peak 
flow (23-32 pmol I~’, Table 1), is very similar to that in rain 
‘water from inland stations (18-41 umol 1™', ref. 8). 
In the highland rivers, Ca, Mg and HCO, are the most 
abundant dissolved species in all the seasons sampled. The 
cations. Ca and Mg account for 84-92% of total cations (on an 
equivalent basis); the (Ca + Mg): (Na+ K) ratio ranges between 
5.2 and 11.5. HCO; constitutes 73-91% of the anions, sulphate 
‘accounting for most of the remainder (Tables 1, 2). These 
¿abundances favour carbonate weathering as source, which is 


* At Allahabad, before confluence with the Yamuna; tat Allahabad, before confluence with the Ganga; + at Patna, after confluence of the 


consistent with the regional lithology of the rivers, whose upper 
reaches are composed of Siwalik sediments and the limestones, 
dolomites and calcareous shales of the Deoban-Tejam zone’. 
The sulphate in the waters may originate from the weathering 
of gypsum/anhydrite or by the oxidation of pyrite; in the 
Kumaun Himalayas, gypsum, has been reported as a common 
accessory mineral’? and in the Brahmaputra basin, pyritic sedi- 
ments are present*''. Furthermore, the low abundance of silica 
and the high (Ca+ Mg): (Na+K) ratios suggest that the contri- 
bution of major ions to these waters by silicate weathering has 
only minor significance. 

In the Yamuna (at Allahabad), and the Chambal and Son 
during peak flow, (Ca+Mg) accounts for 71-81% of the total 
cations and HCO; accounts for 83-92% of the anions (Table 
1). As in the highland rivers, the dominance of Ca, Mg and 
HCO, in the major ion composition is attributable to carbonate 
weathering. The Chambal drains the Vindhyan sandstones, 
quartzites, siliceous limestones and dolomites, whereas the 
stretch of the Yamuna between Saharanpur and Allahabad 
consists of alluvium rich in ‘Kankar’ carbonates'?. These three 
rivers were also sampled during the lean flow season. The water 
chemistry of the Son shows no significant variation with the 
seasons. In contrast, in the Yamuna and the Chambal, the major 
ion ratios differ significantly with the flow conditions®. During 
lean flow, the concentrations of Na, Cl and SO, increase con- 
siderably and account for nearly a third of the major ions, the 
alkaline and saline soil salts in the drainage basins and/or 
effluent seepage of saline groundwaters. The other. lowland: 
rivers, the Gomti, Betwa and Ken, were sampled only during 
lean flow (Table 2). The water chemistries of the Son and Ken 
are similar. During lean flow, the Betwa waters are very saline 
and are second only to the Yamuna in terms of the abundance 
of total dissolved salts (TDS). 








Table 3. Average annual fluxes (10° mol yr™') of dissolved species through Ganga~Brahmaputra river system 








Discharge 

River (10°? byrn!) Na K Mg 
59 31 49 15 
93 87 5.8 27 
30 25 17 fl 
94 12 5.8 25 

32 8.9 14 6.1 
i 52 5.4 44 15 
angat 364 153 24 98 
“Brahmaputra? 510 47 24 80 
orld rivers§ 31,400 6,000 1,200 §,200 


TDS 
Ca HCO, cl sO, SiO, (M ton yr™?) 
28 103 8.6 6.6 6.6 10 
53 203 36 1 15 21 
24 79 10 3.6 78 78 
53 168 27 18 12 15 
15 48 3 0.9 69 4.5 
34 98 27 6.8 7:7 9.2 
212 716 51 30 48 67 
179 488 16 54 66 51 
12,500 3,300 3,000 6,500 3,600 









At Allahabad before confluence with Yamuna; t At Patna after confluence with Ghaghara,; Son and Gandak; -f at Goalpara; § from ref. 4." 





ow am and ‘seasonal variations in the major ion 


chemistry of the Ganga main channel (Table 1) are controlled 
‘bythe chemistry of its tributaries and their mixing volumes. The 
(Ca +Mg):(Na+ K) equivalent ratio decreases downstream, but 
more markedly during lean flow®™*, when the ratio becomes as 
‘low. as 1.25 at Varanasi, after the confluence of the Yamuna. 
The relative increase of (Na+ K) during lean flow is attributable 
to supply from soil salts in the alluvial plains and/or effluent 
seepage from saline groundwaters. The TDS of the Ganga main 
channel, during peak flow, range between 94 and 173 mg 1"! 
between Hardwar and Patna (Table 1). The maximum TDS 
concentration, 401 mg 1~', was observed: during lean flow at 
Varanasi. The TDS concentration and range that we observed 
in the Ganga main channel, during peak flow, is about a factor 
of three lower than that reported’? (227-502 mg 17!) during the 
wet monsoon in 1977. 

The average major ion compositions of the rivers sampled 
are given in Table 2. For the Ganga and its tributaries, the 
average concentration, C, was calculated as C =0.83 C,+ 
0.17 C, where C, and C, are the concentration of the species 
during peak and lean flow conditions. The factors 0.83 and 
0.17 are based on the monthly discharge data for the Ganga 
at Farakka'®, which show that 83% of water transport occurs 
during July-September and the remaining 17% during the rest 
of the year. The major ion abundances, measured in September 
and March 1982, are taken to be typical of peak and lean flow 
conditions. The discharge data for the Brahmaputra at Gauhati!” 
show that moderate/peak flow conditions occur during April- 
October and that 86% of water discharge is during this period. 
For the Brahmaputra, C = 0.86 C (April) + 0.14 C (December). 
For the Betwa, Ken and Manas, the measurements were taken 
during one season only. Although these results are presented as 
their average composition (Table 2), they are not used for flux 
calculations. 

A comparison of the average chemical composition and the 
TDS content of the Ganga (at Patna) and the Brahmaputra (at 
Goalpara) shows that the Ganga waters are nearly twice as 
saline as those of Brahmaputra (Table 2). Although the water 
flux of the Ganga is ~70% of that of the Brahmaputra, the 
annual flux of dissolved salts carried by the Ganga (at Patna), 
67 million tons, is ~30% more than that of the Brahmaputra 
at Goalpara. The Ganga transports nearly three times more Na 
and Cl than the Brahmaputra. The Na and Cl to the Ganga 
comes mainly from its tributaries, the Yamuna and the Chambal 
(Tables 1, 3). 

On a global scale, the average TDS content of the Ganga and 
its tributaries is higher than that of the global mean river water 
composition (Table 2). The average TDS content of the Ganga 
(at Patna) is very similar to that of the Chiang Jiang of China* 
and about five times more than that of the Zaire and Amazon’. 
The Ganga accounts for ~2.5% of the global flux of Na to the 
oceans (Table 3). The Ganga (at Patna) and the Brahmaputra 
(at Goalpara) together supply ~118 million tons yr™' of dissol- 
ved solids to the Bay of Bengal. This accounts for ~3% of the 
global supply of dissolved salts to the oceans, which is nearly 
the same as their contribution to the global water discharge. 

We thank Drs B: L. K. Somayajulu and W. S. Moore for 
discussions, and J.P..Bhavsar, N. Hussain, W. S. Moore, P. 
Sharma and B.L.K Somayajulu for much help during sampling 
expeditions. Financial support for this study was provided in 
part by grants from the PL-480 and the Department of Science 
and Technology to the Physical Reserch Laboratory, and by 
NSF grants INT-8117218 and INT-8218484 to Dr W. S. Moore. 
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Immune systems of vertebrates function via two types of effector 
cells, B and T cells, which are capable of antigen-specific recogn 
tion. The immunoglobulins, which serve as antigen receptors on B 
cells, have been well characterized with respect to gené structure 
unlike the T-cell receptors. Recently, cDNA clones: thought to: 
correspond to the B-chain locus” of the human and mouse T-cell 
receptor have been described. The presumptive #-chain clones 
detect gene rearrangement specifically in T-cell DNA and sho 
homology with immunoglobulin light chains. The similarity of the 
T-cell B-chain gene system to the immunoglobulin genes has been 
further demonstrated by the recent observation of variable- an 
constant-region gene segments as well as joining segments an 
putative diversity segments™*. We report here the characterization 
of cDNA and genomic clones encoding human T-cell: receptor. 
B-chain genes. There are two constant-region genes (Cg1 and. 
C2), each capable of rearrangement and expression as RNA. The 
gene arrangement, analogous to that of mouse @-chain genes**, 
shows strong evolutionary conservation of the dual C, gene system # 
in these two species. 

The JM cell line, positive for the surface makers T1, T3, T4, 
T6 and T8 (ref. 9 and unpublished data), was derived from a 
human acute lymphoblastic T-cell leukaemia patient'’. A cDNA 
library of 500 clones was prepared from JM RNA after removing 
sequences present in the cDNA that were homologous to B-cell 
mRNA (ref. 3; Fig. 1 legend). Clones encoding T-cell receptor 
B-chain sequences were isolated from this library in two related 
experiments. First, we screened a subset of 188 JM cDNA clones... 
with the isolated insert from the mouse B-chain clone 86T1 (ref. 
3) and found four hybridizing colonies (pJMTIBI0, 4D8, 4F7 
and 4H4). Independently, we had been characterizing individual 
clones in the library by using them as probes on Northern blots 
containing T- and B-cell RNA. When the isolated insert from 
one of these T cell-specific clones (clone pJMT1B4) identified 
in this way was used to screen the same subset of 188 clones, 
it hybridized to the same four clones identified by the mouse 
-chain probe, as well as to another two clones (pJMT4BI1 
and 4F8). (Clones 1B4, 4B11 and 4F8 fail to hybridize with 
86T1 because they do not overlap with it; see Fig. 1.) We.’ 
conclude that this group of seven clones is probably derived 
from the B-chain mRNA synthesized in the JM cell line. 

The nucleotide sequence of the presumptive -chain cDNA 
clones and the derived amino-acid sequence (Fig. 1) show that 
the clones derive from the homologous human T-cell receptor 
§-chain, as predicted from their hybridization with the mouse 
B-chain probe. The 3’ portion of the sequence encodes the 
constant (C’)-region segment (Cg) extending from nucleotide 
306 to the termination codon at residue 837, and continues as 
a presumptive 3’-untranslated sequence. Other sections of the: 
sequence correspond to a joining (J) sequence. (nucleotide: 








leotide 














“RNA, a, DNA. sequence: the 
‘positions of V, D, J and C regions 
are. indicated, with the predicted 
amino acid sequence. The first codon 
(specifying arginine) is equivalent to 
codon 41 of the previously published 
¿ss YT35 sequence? and the complete 
“sequence is identical with YT35 
except for an extra T residue at JM 
position 884 in the 3’-untranslated 
Sequence. The vertical arrow shows 
the position of the last residue of the 
YT35° sequence. The sequence 
AATAAA, characteristic of poly(A) 
addition sites'!, is overlined. The 
sequence in the coding region indi- 
cated by a line corresponds to the 
‘-tegion used for orientation in Fig. 3. 
¿Cb Organization of the 6-chain 
“mRNA, with the extent of the various 
cDNA. clones covering this mRNA. 
DNA sequencing of the #-chain 
cDNA clones was carried out. in M13 
vectors by shotgun cloning and 
sequencing of Bglll, TagI, Sau3A 
sand. EcoRI plus BamHI digests of 
> pJMT-4D8 using dideoxy chain 
termination procedures!*-'°. 
Methods: cDNA clones were pre- 
pared from RNA isolated essentially 
“as described”. — Single-stranded 
“CDNA was synthesized on methyl 
“mercuric hydroxide-denatured JM 
~-poly(A)* RNA and the template sub- 
sequently hydrolysed using recom- 
‘mended conditions”. The mixture 
“was passed over a Sepharose CL-4B 
column in 50mM NaOH, 1 mM 
: EDTA, and fractions containing 
cDNA longer than ~200 nucleotides 
` were precipitated with ethanol and 
transfer RNA carrier and resuspen- 
-ded in H,O. cDNA (3g) was 






‘of T- and B-cell RNA populations 


Nucleot nce of the 
B-chain cDNA clones isolated from 


» procedure should have resulted in ap] 


216-305), to a small diversity (D) sequence (nucleotides 243- 
260), and the remainder to a part of a variable (V) region 
segment”. The J segment present in the JM clones is identical 
n sequence to the germ-line segment J, 1-2 (ref. 5). Furthermore, 
he entire sequence, including the presumptive V, D and J 
segments, is identical with a B-chain sequence reported to derive 
from the human. T-cell line MOLT-3 (ref. 2), except for one 
base. In addition, our sequence extends for another 36 residues 
at the 3’ end, including the sequence AATAAA, probably rep- 
resenting the poly(A) addition signal in this mRNA". 

~The identity between the sequences of the B-chain cDNA 
clone. derived from JM cells and a clone derived supposedly 
from the MOLT-3 cell line’ is surprising. JM and MOLT-3 were 
isolated from different T-cell leukaemias and it is unlikely that 
dentical, V~D-J. joining would have occurred independently 
n these: cell lines. We have thus investigated the expression of 
Ve sequences in mRNA from. six different human leukaemic 
cell lines, including JM and MOLT-3 with Vg and C, probes 
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AAC TOTOBCTACACCT TCGGTTCOGUGACCAGGT TAACEGTTOTAGAUGACC TGAACAAGGTHTTCCCACCEGAGGTCOCTOTGTTTGAGCCATCAGAAGCAGAGATCTCCCACACCEAA 
270 290 300 310 320 330 340 330 360 370 389. 

































































































KoA T bY CC kh &A T GF F F & H VE OL W y KEVERS G6 VY 5 TH EQF Y € 
AAGECCACACTGGTGTECC TGECCACAGGECTTCT ICOCCOACUATG TGGAGC TGAGCT GG TGGCT GGA TGGOAAGGAUG I OCAC AG TGGEETCAGCACAGACCOOCAGCCEL TCAAGGAG 
390 400 40 42d 430 4a4ag 450 460 ayo 480 Avg 500 


kv SA T F 8 @ N F R WH MH F R C GO ¥V @ F YG 
AGAACCCOCSCAACCALTTICOGCTOTCAAGICCAGTTCTACGGELTCICGGAG. 
570 580 590 bot 6190 620 


PFoA LL N 8S KR Y COL $ $ 
CASCOCGOLCTCAATGAL TCCAGATACT GEC TGAGCAGCCOC ET GAGUGTCTCOBCCACCT IC TGGS 
G10 $20 S50 340 550 360 
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AATGACGAGTGGACCCAGGATAGUGE CAAACECOTCACCONGATLOTCABCOCC GAGBLE TUUGGTAGHGCAGACTGTBGCTTTACC TCGGTGOTECTACCAGCAAGGGGTCETOTC TGCE 
63 440 650 660 679 bao 470 700 ò 720 rao 740 
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ACCATCOTCTATGAGATCE TGC TAGGUANGUCCACCETOTATGCTETGE TEGTCAGCGL OCT TG TOT TGA TOGLCATOG TCAAGAGAAAGGATT TC TGANGGCAGCCCTGGAAGTGGAGT 
750 760 770 780 790 #00 BIO 820 830 BAD BEQ 


TAGGAGCITCTAACCCOGTCATGOTTTCAATACACATYETYCTTTIBECAGCOCYTETGAAGAGCTOCTETCACCTCTCTOCATCCCAATAGATATCCCCCTATGIGCATOCACACCIGCA 
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hybridized with 300 wg of B-cell RNA (from the Burkitt's lymphoma CA46)”* (estimated to be about a 15-fold molar excess of RNA to cDNA, 
based on average sizes of 700 and 2,000 nucleotides for cDNA and RNA, respectively, and the % rRNA contaminating the poly(A)” RNA) 
in 360 ul of 0.2 M NaPO,, pH 6.8, 1 mM EDTA, for 16h at 70°C (to a Rofaciuat Of 150). The mixture was diluted with 30 vol. of 0.02 M NaPO,, 
. pH 6.8, bound to hydroxyapatite at room temperature, and single-stranded cDNA then eluted from the resin with 0.12 M NaPO4, pH 6.8 at 
60°C. After rebinding and re-eluting this material, 10.6% of the total cDNA behaved as if it were single-stranded. Thus, the hybridization 
proximately a 10-fold enrichment for T cell-specific sequences, assuming a 2% difference in the complexity 
. After removal of NaPO, by gel filtration on Sephadex G-100, the cDNA was made double-stranded, 
“treated with S, nuclease, size-selected again on Sepharose CL-4B, repaired with the Klenow fragment of DNA polymerase I, and ligated into 
<: Smal-cleaved and phosphatase-treated pUC8 (ref. 24) essentially as described elsewhere”. Ampicillin-resistant colonies were selected after 
“transformation into competent?” LE392 (ref. 21). The yield was ~10° colonies per pg double-stranded cDNA. Approximately 5,000 colonies 
were screened with **P-labelled cDNA probes made from total poly(A)* RNA of JM or CA46 cells. About 500 which apparently hybridized 
¿to the T-cell and not the B-cell cDNA probe were picked, and these comprise the T cell-enriched library referred to in this paper. 


(Fig. 2). All six T-cell leukaemias express an RNA of ~1.35 . 
kilobases (kb) which hybridizes with the C, probe, showing” 
that they all transcribe a Ca gene. However, only JM RNA. 
hybridized to the Vg probe derived from the JM cDNA clones. : 
Thus, although MOLT-3 cells express the Cg gene, they do not 

express a V, segment homologous to the JM sequence. This. 
conclusion is supported by Southern hybridization data. We 

have shown that three independent sources of JM cellular DNA; 
as well as J6 (a subclone of the JM cell line) DNA, contain 

identical Cg rearrangements, which are different from those 

present in two independent sources of MOLT-3 DNA. The 

identity of B-chain cDNA clones from JM (reported here) and 

another source of MOLT-3 (ref..2) can therefore be attributed 

to trivial, not physiologically significant, causes. 

The Cg probe hybridizes toa second, smaller species in some 
of the T-cell RNA preparations (Fig. 2). The origin of this RNA 
is unknown, although as the Vz probe detects only the larger’ 
of the two transcripts, the smaller may represent sterile Cp: 
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Fig.2 Northern filter hybridization of V,- and Cp-specific probes 
with RNA prepared from various T-cell leukaemia lines. Duplicate 
Northern filters were prepared and hybridized essentially as 
described”® with either | pg poly(A)* RNA (inthe JM and MOLT- 
4 lanes) or 20 ug total RNA (in the other lanes) fractionated on 
1.5% agarose gels. One filter was probed with pUCV u (Vg) and 
the other with M131B10BB1 (Cg). Note- that the BamHI site at 
the 3' end of the diagram of the Ca cDNA insert is from the pUC 
vector polylinker site. Vand C region-specific probes were pre- 
pared by subcloning from pJMT4D8. The Cp probe was an M13 
clone extending from the BglII site, just within the Cg sequence 
(nucleotide 364 of fig. 1) to the BamHI site located in the puc 
vector polylinker segment just beyond the 3’ end of the insert. The 
Vim probe was a clone containing the 165-base pair (bp) Rsal 
fragment (nucleotides 59-224 of Fig. 1), cloned into the Smal site 
of pUC9. The cell lines MOLT-4 and MOLT-3 (ref. 9), CCRF- 
CEM”, HPB-ALL and HPB-MLT, are from T-cell leukaemias. 


transcripts lacking V segments, analogous to those sometimes 
made from the immunoglobulin C, gene in T cells”. 

The genomic arrangement of the Cg genes was studied by 
isolating clones from a human B-cell genomic A phage library"? 
screened with the mouse @-chain clone, 86T1. Two overlapping 
clones were obtained, A83 and AB17 (Fig. 3). Hybridization of 
these clones with a human Cg probe indicated the presence of 
two separate Ca genes about 10kb apart. One gene contains 
a site for the restriction enzyme HindIII (see Fig. 3); as there 
is no HindIII site in the cDNA clone of the JM B-chain, we 
thought that this site might occur within an intervening sequence 
of the gene. We therefore attempted to orient this Cp gene by 
nucleotide sequencing from the HindIII site. A83 was digested 
with HindIII together with EcoRI and the resulting fragments 
cloned into MI3mp18. Clones carrying the small HindIII- 
EcoRI fragment were sequenced from the HindIII site towards 
the EcoRI site (Fig. 3). The 237 nucleotides adjacent to the 
HindIII site were not recognizable as Cg gene sequence but 
after this point, the sequence matches a part of the Cg segment 
found in the JM Cg cDNA clone (underlined in the cDNA 
sequence of Fig. 1). A typical RNA splicing signal sequence at 
the junction of this region probably represents an intron/exon 
boundary. conserved in evolution; one of the mouse Cp genes 
also contains an intron at exactly the same position’®. Com- 
‘parison of the genomic and cDNA sequences indicates that the 
gene containing the HindIII site is transcribed from left to right 
on the map of Fig. 3. Further, other sequencing and restriction 








mapping data show that this Cp gene differs from that present 
in the JM cDNA clones, and that the two Cg genes are tran- 
scribed in the same direction (A.T. and T.H.R., manuscript in 
preparation). These genes are designated Cg1 and Cg2 (see F 
3) by analogy with the two Cy genes in mouse”. 

The existence of two Cg genes was confirmed by Southern 
filter hybridization experiments. For example, digestion of DN 
from the B-cell leukaemia D-PLL with EcoRI revealed two 
hybridizing fragments (11.5 and 4 kb; Fig. 4). (D-PLL has been 
shown to contain a germ-line Ca gene pattern; unpublished 
results.) We know from the A clones that the C,2 gene occu 
in he 4-kb EcoRI fragment, therefore the 11.5-kb germ-line 
EcoRI fragment must contain the Cg] gene. We also failed to 
detect any closely related Cg genes other than those present in 
the genomic A clones. a 

Several different patterns of DNA rearrangement can occur 
in T-cell leukaemias (Fig. 4). For example, MOLT-3 DNA has 
both C,2 genes rearranged. When MOLT-3 genomic DNA was 
digested with EcoRI and hybridized with the C, probe, we 
found a single hybridizing band of 4 kb corresponding to Cae. 
There was no evidence of any rearranged band or of the 11.5-kb 
Cpl germ-line band. Therefore, MOLT-3 apparently does not 
contain any remnant of the Cg gene; thus it has probably been 
deleted from the relevant chromosomes (assuming no chromo- 
some loss), presumably by V-gene rearrangement to the Cpe 
gene, This interpretation was confirmed by SacI digestion 
MOLT-3 DNA, again revealing only the unrearranged Cy2 gen 
fragment (5.4 kb). Digestion of MOLT-3 DNA with Hindi 
however, does show rearrangement within the C,2 gene region 
(Fig. 4). The C,2 gene overlaps two HindIII fragments (8.5 and 
7 kb long) in unrearranged DNA such as D-PLL (Fig. 4), The 
7-kb fragment, which contains the 3’ end of the Cy2 gene, is 
present in MOLT-3 DNA, whereas the 8.5-kb band, containing 
the 5’ end of the Cy2 gene, is absent (Fig. 4) and two new 
fragments (26 and 19 kb) are present, indicating rearrangemen 
of the C2 gene on both chromosomes in MOLT-3. 

An example of a single Ca gene rearrangement is shown by 
JM DNA, which shows 11.5- and 4-kb germ-line Ce fragments, 
and a new, rearranged fragment of 9.5 kb after EcoRI digestio 
As the Col gene is transcribed in JM, this new band must 
represent the rearranged Col allele. The other Cl allele is 
apparently not rearranged. If gene deletion is required for Cp? 
joining, the existence of this unrearranged C,1 allele implies’ 
that the second chromosome in JM has the germ-line configur- 
ation of Cg genes. It is unlikely that the different fragment sizes 
observed are due to polymorphism in the human population as: 
studies of six non-T-cell DNAs failed to detect restriction site 
polymorphisms with the enzymes used here. 

In all T-cell DNAs examined so far (JM and MOLT-3 DNAs. 
plus DNA from 10 fresh leukaemic samples), we have never 
observed an altered EcoRI or SacI pattern around the Cp2 gene. 
Rearrangements at- C2 can be detected, however, using 
HindIII. This implies, by analogy with the mouse Cg gene 
system’, that each human Cg gene has its own joining (J) 
cluster. The J cluster associated with Cg2 lies outside both the. 
4-kb EcoRI and 5.4-kb SacI fragments but within the 8.5-kb 
Hindu fragment. 

Significant variability exists at the level of Vp sequences, as ` 
the JM V, sequence hybridizes only to RNA from this cell line 
(Fig. 2). To investigate this further, we studied the hybridization 
pattern of the V, probe with genomic DNA. Southern filter 
hybridizations using our Vg probe (pUCV,m) reveal six major 
hybridizing bands in JM DNA (Fig. 4). MOLT-3 DNA contains 
the same bands with differing hybridization intensities, as well 
as three faintly hybridizing elements at ~3 kb which are absent 
from the JM DNA. (In similar experiments, a Vp probe related 
to that used here hybridized to four bands in genomic DNA®,) 
The complexity of the V; hybridization pattern is comparable 
with that seen in human immunoglobulin V-gene probes!?, 
suggesting a significant germ-line contribution to Vg diversity.” 

Our results show that the human T-cell receptor B-chain locus 
consists of two C genes, separated by ~10 kb of DNA, and. 




















































































































































Fig. 3 Organiza of the human 

Cg locus. a, The top line shows a 

estriction map. of the Cg locus 

derived from the two indicated over- a 
lapping A phage clones (A83 and 

B17). The most 5’ EcoRI site (dot- R 

ted line) is absent from the phage 5 Oe eennernrenes 
clones and was determined by 
: genomic hybridizations. The location 
of the Cg! gene was determined by 
digestion of A83 with EcoRI and 
Bell] or with HindIII and Bglil 
(Bglil cuts within the Cel coding 
sequence). A phage containing 
genomic sequences were isolated 
from a library made by cloning Raji 
DNA partially digested with Mbol 
(ref. 13) into A 2004 (ref. 28), initially 
using the mouse clone 86TI (ref. 3) 
as the probe. Raji cells derive from 
a Burkitt's lymphoma patient”®. As b 
the phage clones were derived from 
a B-cell library, we cannot be certain 
at present that the 5’ end of clone 
WAB3 is equivalent to germ-line 
DNA. 6, The nucleotide sequence 
used to orient the Cg genes was 
obtained . by subcloning into 
“ Mi3mp18. and partially sequencing 
the I-kb HindIII-EcoRI fragment. 
The sequenced part is indicated in 
Fig. 1. 
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‘multiple Va segments. Each Cp gene is functional, as Cg1 is 
-expressed in the JM cell line, whereas C,2 is rearranged and 
presumably expressed in MOLT-3, 

~ There are several similarities between the T-cell receptor 
-B-gene locus and the immunoglobulin gene families: for 
example, the occurrence of deletions associated with gene re- 
arrangements and the existence of multiple inherited V segments 
(as well as D and J segments) giving considerable potential for 
_divetsity. The inherited diversity of human Vg genes is reason- 
ably high as judged by filter hybridization and analysis of V-gene 
‘expression in a limited panel of T-cell lines. Perhaps the 
existence of separate J, clusters associated with each Cg gene”? 
s another strategy required to increase diversity. The similarity 
of the human and murine -chain gene organization suggests 
that the occurrence of two tandem and highly homologous Ca 
- genes may have functional significance. It will be important to 
establish the extent of germ-line Vz and Dg diversity, to investi- 
gate. V-gene. expression. in antigen-specific T-cell clones, and 
particularly to study the contribution of the a-chain genes. 
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Fig.4 Southern filter hybridizations 
of genomic DNA with V, and C, 
probes. Genomic DNA (10 pg) was 
digested with restriction enzymes, 
followed by electrophoresis in 0.8% 
agarose gels and transfer to nitrocel- 
lulose filters*®. The filters were sub- 
sequently hybridized to nick-trans- 
lated?! DNA probes (specific activity 
1-4x 10° cp.m. pe!) in 6x SSC, 
0.1% SDS, 5% dextran sulphate, 
50 pg ml”! sonicated, denatured sal- 
mon sperm DNA plus 0.2% Ficoll, 
0.2% bovine serum albumin and 
0.2% polyvinylpyrrolidone®’. . After 
hybridization for approximately 18 h 
at 65°C, the filters were washed in 
0.1x SSC, 0.1% SDS (5x10 min at 
65°C) and autoradiographed at 
~70°C with pre-fogged film”. Sizes 
were determined by  co-electro- 
phoresis of A phage DNA cut with 
Hindill. D-PLL is leukaemic DNA 
from a patient with prolymphocytic 
leukaemia and possesses the germ- 
line Cg gene profile (unpublished 
data). 
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Note added in proof: We have now received a sample of MOLT-3 
DNA from Dr T. Mak. The pattern of Cp gene rearrangement 
in this DNA is identical to that of our various JM DNA samples 
(by EcoRI digestion). We also find that our JM DNA has a 
rearrangement of one immunoglobulin Jy allele (T.H.R., manu- 
script in preparation); the MOLT-3 DNA from Dr T. Mak has 
an identical Jų rearrangement whereas our own MOLT-3 DNA. 
samples have a germ-line Jy pattern. a 



















3. Hedrick, S. M., Nielson, E. A., Kavaler, J, Cohen, D. L & Davis, M. M. Nature 308, 
“ES3-158 (1984). 
. Saito, H. et al. Nature 309, 757-762 (1984). 
Sin, G. et al, Cell 37, 381-391 (1984). 
‘6 Chien, Y.-H., Gascoigne, N. R. J., Kavaler, J., Lee, N. E. & Davis, M. M. Nature 309, 
322-326 (1984). 
. Gascoigne, N. R. J., Chien, Y.-H., Becker, D. M., Kavaler, J. & Davis, M. M. Nature 310, 
387-391 (1984), 
Malissen, M. et al. Cell 37, 1101-1110 (1984). 
Minowada, J. er al. in Current Concepts in Human Immunology Vol. 5 (ed, Serrou, B.) 75-84 
(Springer, Berlin, 1982). 
10:-Schneider, U., Schwenk, H. U. & Bornkamm, G. Int. J. Cancer 19, 621-626 (1977). 
IL Proudfoot, N. J. & Brownlee, G. G. Nature 263, 211-214 (1976). 
12.. Kemp, D. J., Harris, A. W., Cory, S. & Adams, J. M. Proc. natn, Acad. Sci. U.S.A. 77, 
2876-2880 (1980). 
13: Hamlyn, P. H. & Rabbitts, T. H. Mature 304, 135-139 (1983). 
14: Bentley, D. L. & Rabbitts, T. H. Cell 24, 613-633 (1981). 
{S. Sanger, F., Nicklen, S. & Coulson, A. R. Proc, natn. Acad, Sci. U.S.A. 74, 5463-5467 (1977). 
16. Sanger, F., Coulson, A. R., Barrell, B. G., Smith, A. J. H. & Roe, B. A. J. molec. Biol. 143, 
161-178 (1980). 
17. Messing, J., Crea, R. & Seeburg, P. H. Nucleic Acids Res. 9, 309-321 (1981). 
f8. Staden, R. Nucleic Acids Res. 10, 4731-4751 (1982). 
19.: Staden, R. Nucleic Acids Res, 12, 499-503 (1984). 
20. Favaloro, J., Treisman, R. & Kamen, R. Meth. Enzym. 68, 718-749 (1980). 
2, Maniatis, T., Fritsch, E. F. & Sambrook, J, Molecular Cloning (Cold Spring Harbor 
$ Laboratory, New York, 1982). 
22. Dalla-Favera, R., Martinotti, S, Gallo, R. C., Erikson, J. & Croce, C. M. Science 219, 
i 963-967 (1983). 
23... Davis, M, M. Cohen, D.L, Nielsen, E. A., DeFranco, A. L. & Paul, W. E. in B and T Cell 
Tumors: Biological ‘and Clinical Aspects Vol 24 (ed. Vitetta, E.) 215-220 (Academic, New 
i “York, 4982). 
24. Vieira, J. & Messing, J. Gene 19, 259~268 (1982). 
25. Hanahan, D. J. molec. Biol, 166, 557-580 (1983). 
26. Milner, R. M. & Sutcliffe, J. G. Nucleic Acids Res, 11, 5497-5520 (1983). 
27. Foley, G. E. et al. Cancer 18, 522-529 (1965). 
28. Karn, J., Barnett, L. & Brenner, 8S. Meth. Enzym. 101, 3-21 (1983). 
29. Pulverlaft, R. J. V. J. clin, Path, 18, 261-273 (1965). 
30. Southern, E. M. J. molec. Biol. 98, 503-517 (1975). 
31. Rigby, P. W, J., Dieckmann, M., Rhodes, C. & Berg, P. J. molec, Biol, 113, 237-251 (1977). 
32. Denhardt, D. T. Biochem. biophys, Res, Commun. 23, 641-646 (1966), 
33. Laskey, R. A. & Mills, A. D. FEBS Lett. 82, 314-316 (1977). 









~ 


ow 








Monoclonal antibodies identify a 
cell-surface antigen associated 
with an activated cellular oncogene 


Jeffrey A. Drebin, David F. Stern*, Victoria C. Link, 
Robert A. Weinberg* & Mark I. Greene 


Department of Pathology, Harvard Medical School, 

25 Shattuck Street, Boston, Massachusetts 02115, USA 

* Whitehead Institute for Biomedical Research, Center for Cancer 
Research, and Department of Biology, Massachusetts Institute of 
Technology, Cambridge, Massachusetts 02138, USA 





A variety of antigens have been identified on the surface of the 
malignant cell. However, identical antigens are often found on 
non-malignant cells of the same or different histological origin, 
or of a different stage of embryonic development'~*. Many of these 
tumour-associated antigens appear to be only incidentally 
expressed on neoplastic cells. Clearly, it would be of great interest 
to identify. cell-surface: antigens whose expression is associated 
specifically with the transformed state and linked directly with the 
mechanisms responsible for transformation. The detection of acti- 
vated cellular oncogenes in human and animal cancer cells by the 
technique of DNA transfection has allowed the isolation of genetic 
elements which are thought to have a critical role in malignancy®’. 
Here, in an effort to identify cell-surface antigens. associated with 
the neoplastic process, we have generated hybridomas which secrete 
monoclonal antibodies that react specifically with cell-surface 
determinants found on NIH 3T3 cells transformed by transfection 
with a group of rat neuroblastoma oncogenes. These antibodies 
bind to and immunoprecipitate a phosphoprotein of relative 
lecular. mass 185,000 (185 K) from a DNA donor rat neuro- 
toma and 13 independent rat neuroblastoma DNA transfec- 
tants. There was. no antibody reactivity with normal NIH 3T3 cells 
or with NIH 3T3 cells. transformed by various other agents. 
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Fig. 1 FACS histograms of cells stained with monoclonal anti-. 
body 7.16.4. Histograms representing cell populations stained with ' 
monoclonal antibody and FITC-conjugated rabbit anti-mouse 
immunoglobulin are represented by solid lines (——-) while control 
populations stained with FITC-conjugated rabbit anti-mouse 
immunoglobulin alone are represented by broken lines (- ==); ay. 
neu gene transfectant cell line, B104-1-1..b, Normal NIH 3T3 cells. 
c, Ha-ras transfectant. cell line, XHT-I-la. d, Activated new gene 
donor rat neuroblastoma, B104, i 
Methods: Tumour cell lines were grown in tissue culture dishes in 
Dulbecco’s modified Eagle’s supplemented with 10% fetal calf 
serum (FCS), 1% penicillin-streptomycin-Fungizone and 1% gen- 
tamycin. Cells were removed from dishes with buffered EDTA 
(Versene; Gibco) and washed twice in FACS medium (Hank's 
balanced salt solution (HBSS; Gibco) supplemented with 2% FCS, 
0.1% sodium azide and 10mM HEPES); 110° cells in 0.1 ml 
FACS medium were incubated with 0.1 ml of hybridoma culture 
supernatant for 1 h at 4°C. Cells were washed twice with FACS 
medium, and incubated with 0.1 ml FITC-conjugated rabbit-anti- =: 
mouse immunoglobulin (Miles) diluted 1:50 in FACS medium or | 
th at 4°C. Cells were then washed twice in FACS medium and 
fixed in 2% paraformaldehyde-phosphate-buffered saline (PBS).. 
Samples were run on a Coulter Epics V fluorescence-activated cell 
sorter, We routinely analysed 10,000 cells per sample. To control 
for nonspecific binding of the FITC-conjugated rabbit anti-mouse 
antibody to tumour cells, parallel samples were run which were 
stained with this reagent alone. 


We have described previously a group of oncogenes found: 
in the genomes of several ethylnitrosourea-induced rat neuro- 
blastomas; these oncogenes induced neoplastic transformation 
of mouse NIH 3T3 cells when introduced by the technique of. `: 
DNA transfection®. Inoculation of young mice with NIH 3T3 
transfectants transformed by rat neuroblastoma DNA resulted 
in the appearance of fibrosarcomas. Sera from the tumour- 
bearing mice immunoprecipitated a 185K phosphoprotein 
(p185) that was present in all mouse cells that had acquired the» 
rat oncogene’. p185 was absent from mouse cells that had been 
transformed by other oncogenes, including the ras oncogenes. ©: 
Moreover, mouse cells transformed by the rat neuroblastoma. 
oncogene lack increased levels or altered versions of the known 
ras oncogenes and their p21 products’®. These data suggest that 
synthesis of p185 is specifically induced by the rat neuroblastoma 
oncogene, and that this oncogene is distinct in its behaviour 
from other known oncogenes. We refer to members of this family 
of oncogenes by the term ‘neu’. 

Preliminary experiments suggested that neu-transfected’. 
NIH 3T3 cells displayed transformation-specific antigens on 
their surface. These experiments used polyclonal sera raised in. . 
mice injected with neu-transfected NIH 3T3 cells emulsified in 
Freund’s adjuvant. Immunofluorescence tests showed reactivity 
of antiserum with intact transfected cells which was not affected. 
by extensive pre-absorption on normal NIH 3T3 cells (data not 
shown). Based on these results, we used indirect immunofluores- 
cence as a screening technique in our efforts to develop mono-: 
clonal antibodies reactive with cell-surface determinants on 
neu-transfected cells. Briefly, C,H/HeJ mice were repeatedly. > 
immunized with NIH 3T3 transfectants transformed by the neu. 
oncogene (cell line B104-1-1), emulsified in Freund’s adjuvant. . 





“Ta Expression of p185 on murine tumour cell lines. 
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- Cell line Description fluorescence 
ONTH 3T3 -Contact-inhibited mouse = 
fibroblast 
B104-2 1° Transfectant of B104 rat + 
neuroblastoma DNA 
B104-1-1 2° Transfectant of B104 DNA t+t+ 
B104-1-2 2° Transfectant of B104 DNA + 
B103-! 1° Transfectant of B103 rat +++ 
neuroblastoma DNA 
B103-5 1° Transfectant of B103 DNA ++ 
B103-1-1 2° Transfectant of B103 DNA ++ 
B103-1-2 2° Transfectant of B103 DNA + 
B50-1 1° Transfectant of B50 rat + 
neuroblastoma,DNA 
_ B50-6a-2 2° Transfectant 50 DNA ++++ 
B50-6a-3 2° Transfectant of B50 DNA ++ 
B82-1 1° Transfectant of B82 rat + 
neuroblastoma DNA 
B82-3 1° Transfectant of B82 DNA +++ 
” B82-3-2 2° Transfectant of B82 DNA + 
XHT-I-1a 2° Transfectant of v-Ha-ras = 
proviral DNA 
RSV 3T3 RSV-transformed NIH 3T3 ~ 
MSV 3T3 Moloney sarcoma virus- - 
transformed NIH 3T3 
HaSV 3T3 Harvey sarcoma virus- ~ 
transformed NIH 3T3 
> PyD2 Polyoma virus-transformed mouse ~ 
fibroblast 
PyBR Polyoma virus-transformed mouse ~ 
fibroblast 
SVD2 $V40-transformed mouse - 
s fibroblast 
. $1509a 3-Methyicholanthrene- - 
transformed mouse fibroblast 
YAC Mo MuLV-induced lymphoma | - 
SP2 Mineral oil-induced plasmacytoma - 


Cell lines were prepared for FACS analysis-on a Coulter Epics V Cell 
- Sorter using saturating amounts of monoclonal antibody 7.16.4 as 
described in Fig. 1 legend. Immunofluorescencé: was ‘quantitated. by 
“subtracting the median fluorescence channel of populations stained. with 
fluorescein isothiocyanate (FITC)-conjugated” rabbit anti-mouse 
immunoglobulin alone (negative control} from the median fluorescence 
channel of populations stained with monoclonal antibody 7.16.4 fol- 
lowed by FITC-conjugated rabbit anti-mouse (positive staining). The 
resulting net fluorescence was expressed according to the following 
-scale: -, less than two channels; +, 5-10 channels; + +, 11-15 channels; 
+++, {6-20 channels: ++ ++, >20 channels. 1° and 2° indicate 
“primary or secondary transfectants created by passing the oncogene 
“through one or two sequential cycles of DNA transfection in NIH 3T3 
mouse fibroblasts. MoMuLV, Moloney murine leukaemia virus. 






Spleens from immune mice were fused with the aminopterin- 
sensitive NS-1 myeloma line, and hybridomas were selected in 
hypoxanthine-aminopterin-thymidine media. Culture. super- 
_hatants from growing hybridomas were initially screened for 
the presence of antibody capable of binding B104-1-1 cells by 
“indirect immunofluorescence using fluorescence activated cell 
sorting (FACS). Positive supernatants were then tested for speci- 
‘ficity by determining whether they contained antibody capable 
of binding normal NIH 3T3 cells, or NIH 3T3 cells transformed 
by transfection with Harvey sarcoma virus proviral DNA (cell 
line XHT-1-1a). 

“To date, we have screened ~3,000 hybridomas and have 
identified five that produce monoclonal antibodies capable of 
specifically binding B104-1-1 cells. One of these hybridomas, 
hat produces an. antibody termed 7.16.4, will be described in 
detail. It secretes immunoglobulin of the IgG2a isotype and has 
maintained production of specific antibody through three cycles 
of limiting dilution cloning and two cycles ofsoft agar cloning. 
Figure 1. shows FACS. histograms representing the binding of 
monoclonal antibody 7.16.4 to several different cell lines. FACS 











































Fig. 2 Immunoprecipitation of metabolically labelled p185 by 
monoclonal antibody 7.16.4. a-d, *°S-cysteine-labelled cell lysates: 
a, NIH 3T3 lysate precipitated with normal mouse serum (NMS); 
b, NIH 3T3 lysate precipitated with monoclonal antibody 7.16.4; 
c, neu gene transfectant B104-1-1 lysate precipitated with NMS; 
d, B104-1-1 lysate precipitated with 7.16.4. e-h, °P- labelled cell 
lysates: e, B104-1-1 lysate precipitated with NMS; f, B104-1-1 lysate 
precipitated with 7.16.4; g, NIH 3T3 lysate precipitated with NMS; 
h, NIH 373 lysate precipitated with 7.16.4. 
Methods: For labelling with 35§.cysteine, 10° cells were seeded in 
100-mm culture dishes and labelled for 18h in 2ml minimal 
essential medium (MEM) containing 0.1 the usual amount of 
cysteine, 2% dialysed FCS and 500 mCi **S-cysteine (77 Ci 
mmol”; NEN). For labelling with °P, 3 x 10° cells were seeded 
in 60- mm tissue culture dishes and incubated for 18h in 0.8 ml 
phosphate- free Dulbecco-Vogt modified Eagle’s medium contain- 
ing 4% FCS and 0.4 mCi **P (carrier-free; NEN). Cells were lysed 
in phosphate-buffered:RIPA buffer containing 1 mM ATP, 2 mM 
‘EDTA. and.20.mM sodium fluoride, and. immunoprecipitates were 
prepared and washed as described elsewhere”, One-third of each 
lysate was incubated with | pl of normal mouse serum or 60 x 
concentrated 7.16.4 culture supernatant at 4°C for 60 min, Sheep 
anti-mouse immunoglobulin (1 pl; Cappel) was added to each 
sample, and incubation continued for 30 min. Immune complexes 
were pelleted using fixed Protein A-bearing Staphylococcus aureus 
and washed. Samples were analysed by SDS-polyacrylamide gel 
electrophoresis in 7.5% acrylamide-0.17% bisacrylamide gels”. 
The gels were treated for fluorography and exposed to preflashed 
Kodak X-Omat AR film for 10 days. 


can quantitate antibody binding to particular cell populations 
by immunofluorescence, displaying more brightly stained popu- 
lations (those which bind more antibody) to the right of less 
brightly stained populations. Figure | shows strong binding of 
the antibody to cell line B104-1-1 (a), and significant, although 
weaker, binding to the DNA donor, the rat neuroblastoma cell 
line, B104 (d). Antibody 7.16.4 binds neither to nontransformed 
NIH 373 cells (Fig. 1b) nor to NIH 3T3 cells transformed by 
a Harvey ras (Ha-ras) oncogene (Fig. Ic). Thus, this antibody 
is directed against neither a normal NIH 3T3 cell-surface antigen 
nor an antigen associated in a nonspecific fashion with either 
proliferation or neoplastic transformation of murine cells. Anti- 
body 7.16.4 appears to recognize a cell-surface antigenic deter- 
minant specifically expressed by cells containing the neu 
oncogene. 

Immunofluorescent staining for FACS analysis was per- 
formed on cells that were initially >90% viable as determined 
by Trypan blue exclusion. However, we considered it formally 
possible that cell death during antibody staining might allow 
antibody to enter dead cells and cause cell fluorescence due to 








unofluorescent — 
i and- NIH 373 
lls. a= =e, Paraférmaldehyde- fixed 
“cells: a; neu:gene:transfectant B104- 
1-1 cells. stained: with 7.16.4 plus 
FITC-conjugated ‘rabbit. anti-mouse 
antibody; b, Bi04-1-1 cells stained 
with FITC-conjugated rabbit anti- 
mouse antibody alone; c, NIH 3T3 
cells stained with 7.16.4 plus FITC- 
conjugated rabbit anti-mouse anti- 
body. d-f, Methanol-fixed cells: d, 
B104-1-1 cells stained with 7.16.4 
plus FITC-conjugated rabbit anti- 
mouse; e, B104-1-1 cells stained with 
FITC-conjugated rabbit anti-mouse 
antibody alone; jf, NIH 3T3 cells 
stained with 7.16.4 plus FITC-conju- 
gated rabbit anti-mouse antibody. 
NIH 373 cells fixed with either para- 
formaldehyde or methanol and 
stained with FITC-conjugated rabbit 
anti-mouse antibody alone showed 
staining comparable to that in c and 
d (data not shown). 





Methods: Cells were grown on glass coverslips for 48 h, then the coverslips were washed in PBS and fixed with either 2% paraformaldehyde-PBS 
or absolute methanol for 10 min at room temperature. Coverslips were then washed in FACS medium and incubated with 10-fold concentrated <: 
7.16.4 culture supernatant or FACS medium (for controls) for 30 min at 4°C. They were then washed in FACS medium and stained with © 
FITC-conjugated rabbit anti-mouse immunoglobulin (diluted 1:50; Miles) for an additional 30 min. The coverslips were extensively washed 

in FACS medium, washed in PBS, and antibody was fixed in situ by a 10-min incubation in 2% paraformaldehyde-PBS. Coverslips were 
mounted on glass slides and photographed using 20-s exposures to Kodak Tri-X pan film with a Leitz fluorescence microscope at x400 


magnification, 


the binding of intracellular rather than cell-surface antigenic 
determinants. We excluded this possibility by performing FACS 
analysis on live cells stained with fluorescent antibodies in the 
presence of propidium iodide. Propodium iodide is excluded 
from live cells, but enters dead cells, where it intercalates with 
nucleic acids and emits a red fluorescence when excited by the 
FACS 488-nm argon laser''. By setting the cell sorter to exclude 
cells displaying such red ‘fluorescence, we confirmed that mono- 
clonal antibody 7.16.4 reacts with a determinant on the surface 
of intact B104-1-1 cells (data not shown). 

The specificity of the antibody was further examined by 
immunoprecipitation of metabolically labelled cell lysates. 
Figure 2 demonstrates that monoclonal antibody 7.16.4 
immunoprecipitates a phosphoprotein with a relative molecular 
mass of ~185K (p185) from the neu” NIH 3T3 transfectant 
:B104-1-1 (Fig. 2d, f). Several other faint bands are also visible 
in both normal mouse serum immunoprecipitates and mono- 
clonal antibody 7.16.4 immunoprecipitates of B104-1-1 cell 
lysates (Fig. 2c-f). A faint band of about the same size is seen 
in NIH 3T3 lysates immunoprecipitated with either normal 
mouse serum or monoclonal antibody (Fig. 2a, b, g, h), because 
this band is slightly different in molecular weight from p185, 
and is also precipitated by normal mouse serum, we conclude 
that there is no specific precipitation of p185 from normal NIH 
3T3. cells by monoclonal antibody 7.16.4. The 185K phos- 
phoprotein identified by antibody 7.16.4 appears to be identical 
to the neu oncogene-associated p185 identified previously using 
polyclonal sera (data not shown). 

FACS analysis,.using monoclonal antibody 7.16.4, of a large 
number of murine cells transformed by a variety of agents has 
revealed that p185 is expressed only in cells transformed by neu 
oncogenes (Table 1). By this test, NIH 3T3 cells transformed 
by several retroviruses containing known oncogenes, including 
src, mos and ras, lack p185. Similarly, mouse fibroblast lines 
transformed by the papovaviruses simian virus 40 (SV40) and 
polyoma virus, as well as the chemical carcinogen 3-methy!- 

‘cholanthrene, are also not stained by monoclonal antibody 
7.16.4. Murine tumours of non-fibroblast histological origin, 
_ Such as the SP, plasmacytoma and the YAC T-cell lymphoma, 
Iso fail to bind anti-p185 monoclonal antibody. In contrast, all 
“of 13 NIH ‘373 transfectants transformed by neu oncogenes 
contain significant amounts of cell-surface p185, as determined 
_ by antibody binding. It is interesting that the level of p185 















































expression varies somewhat between transfectants; cell lines 
that show the highest expression of p185 as determined by 
immunofiuorescence also contain the most p185 as determined 
by quantitative immunoprecipitation (data not shown). 
Although a very high level of p185 is seen in some transfectant: 
such a high level does not seem to be necessary for oncogenic 
transformation of NIH 3T3 cells. The absolute correlatio: 
between the expression of cell-surface p185 and the presence 
of rat neu oncogenes in murine transfectants suggests, but doe: 
not prove, that p185 is a neu oncogene product. ' 
Some oncogene-encoded proteins have been localized to par. 
ticular functional regions within the cell: for example, the Rous 
sarcoma virus (RSV) transforming gene product, pp60°", is 
found in high concentration adjacent to cellular adhesion 
plaques’’. In an effort to determine whether such cytological 
compartmentalization exists for p185, we performed indirect. 
immunofluorescence on non-permeabilized and permeabilized. 
B104-1-1 cells grown on coverslips (Fig. 3). Apparently, p185 
is distributed in a diffuse pattern on the extracellular face of 
the plasma membrane of paraformaldehyde-fixed cells (Fig. 3@). 
In contrast, cells permeabilized by fixation in absolute methanol 
display diffuse antibody binding throughout the cell, and are 
particularly well stained in the perinuclear region of the cyto-..: 
plasm (Fig. 3d). It remains to be determined whether these 
results reflect compartmentalization of p185 precursor proteins 
undergoing processing on membrane-associated ribosomes or 
in the Golgi apparatus, or whether they they are simply a result 
of the thicker cross-section in this region of the cell. p185 does 
not appear to be specifically associated with sites of cellular 
adhesion or cell-cell contact. 
Several proteins have been associated with the various acti- 
vated oncogenes described in non-virally-induced tumour cells 
and cell lines'*"'*, However, none of these proteins is similar 
in size to the 185K antigen associated with the neu oncogene 
and none has been identified as a cell-surface protein. Further- 
more, none of the proteins known to be encoded by retroviral: 
oncogenes has physical properties identical to those of p185, 
although the gene products of v-fms and v-erb-B and their 
cellular homologues may also have portions of the respective < 
molecules exposed on the cell surface'®'*. The data presented © 
here and in ref. 10 strongly suggest that p185 is a neu oncogene 
product. 
The cell-surface localization of p185 may offer insight into a 























including approximate molecular weight, plasma membrane 
alization and phosphorylation. p185 is also a glycoprotein 
D.FS., unpublished results), as are the EGF and PDGF recep- 
tors. Waterfield and colleagues have presented persuasive 
‘evidence that the viral erb-B oncogene represents a truncated 
EGF receptor gene which lacks the extracellular EGF-binding 
domain. but nonetheless delivers to the cell a mitogenic signal 
which results in neoplastic transformation’'. The neu gene pro- 
duct p185 may also be an altered growth factor receptor which 
‘transforms cells by a mechanism similar to that of v-erb-B. Its 
localization to the cell surface and association with oncogene 
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major aim in immunology has been to understand how the 
immune system evokes characteristic responses to infection, foreign 
tissue grafts and tumours. The current view of immunoregulation 
is based mainly on studies of lymphocyte subsets, either in vitro’? 
or by adoptive transfer to irradiated recipients’. Many reagents 
are available for defining T-cell subsets**, but only recently have 
there been helper T-cell-specific antibodies” against the mouse 
uivalent of the Leu3/T4 (man) and W3/25 (rat) antigens. It is 
clear that monoclonal antibodies'' will eventually replace anti- 
lymphocyte globulin for immunosuppression in organ grafting’, 
but although there has been some clinical success'*“"*, most mono- 
onal reagents cause only transient reductions in their target cells 
in vivo’, This uncertainty in the potency of monoclonal anti- 
bodies has led some workers to consider them as targeting agents 
for such highly cytotoxic drugs as ricin A (ref. 21). We show here 
that unmodified monoclonal antibodies can be extremely effective 
at depleting cells in vivo and can be used for the selective manipula- 
jon of different aspects of the immune response. 
| The observation that two different rat IgG2b anti-mouse Thy-1 
antibodies were potently immunosuppressive when admin- 
istered in vivo, compared with a range of other monoclonal 
ntibodies of the same specificity but different isotypes”, 
uggested that the antibody isotype might be an important factor 
or serotherapy. We therefore prepared** rat monoclonal anti- 
bodies to several mouse T-cell antigens using the Y3/Ag1.2.3 
myeloma’> as fusion partner and compared these for their ability 
to suppress the in vivo antibody response to sheep red blood 
lls (Fig. 1). Adult thymectomized mice were used so that new 
__ Tcells would not be produced after monoclonal antibody deple- 
‘ion, and immunosuppression could then be measured in the 
absence. of any short-term effects of the antibody. Only the 
IgG2b antibodies recognizing an antigen expressed on the helper 
T cells (Thy-1, Lyt-1 and L3/T4) were effective at eliminating 
the antibody response. Six rat anti-Thy-1 monoclonal antibodies 
of other isotypes (IgM, IgG2a and IgG2c) and one IgG2a 
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Fig. 1 Suppression of the antibody response to SRBCs. Male 
CBA mice were thymectomized at 5~6 weeks of age and randomly 
selected 3 weeks later for monoclonal antibody administration, 
given as two intravenous injections, | week apart, of 0.2 ml of 
monoclonal ascitic fluid [from (LOU x DA)F, rats], equivalent to 
~0.5 mg of active antibody in the following groups: |, no antibody 
(n=10); 2, irrelevant IgG2b (n=2, YTH 89.1 anti-human gly- 
cophorin A; G. Hale, personal communication) ; 3-6, four different 
IgM anti-mouse Thy-1” (YTS 27.3, n=2; YTS 109.8, n=2; YTS 
198.3, n=2; YTS 148.3, n=4); 7-9, IgG2a(YTS 111.4, n=2), 
IgG2c(YBM 29.2, n=4), IgG2b(YTS 154.7, n=4) anti-mouse 
Thy-1”; 10, IgG2b anti-mouse Lyt-1 (n=4; YTS 121.5 which 
cross-inhibits $3-7.313 (ref. 7 and our unpublished observation): 
11, IgG2b anti-mouse L3/T4 [n= 4; YTS 191.1 which is present 
on only the Lyt-2 negative peripheral T cells (Table 1), 85-90% 
of thymocytes and <2% of bone marrow cells, reacts with a protein 
of relative molecular mass 55,000 as determined by ‘Western blots’ 
(ref. 45 and our unpublished observations) and is therefore similar 
to GK1.5 (ref. 10); 12, 13, two IgG2b anti-Lyt-2 [YTS 169.4, n= 6; 
YTS 172.3, n = 6, which cross-inhibit 53-6.72 (ref. 7 and our unpub- 
lished observation]; 14, 15, lgG2a(YBM 42.2 (ref. 46), n =2) and 
IgG2b(YW 62.3, n = 2, which cross-inhibits YBM 42.2, our unpub- 
lished observation) anti-T200 (‘leukocyte common antigen’*’). 
Animals were given 0.2 ml of 10% SRBCs intraperitoneally 3 weeks 
after monoclonal antibody (except for preimmune group, n= 6). 
These were bled from the tail vein after 10 days and the serum 
agglutination (agg”.) titre determined with SRBCs alone (total IgM 
and IgG response) or with SRBCs in the presence of 0.1 M 2- 
mercaptoethanol (MeSH-resistant IgG response). Substantial 
immunosuppression is indicated by the arrows. 











far less effective than the [gG2b reagents of the 
me specificities: 
_ The observed immunosuppression could be accounted for by 
depletion of helper or total T cells (Table 1). At various times 
from 1 week to 3 months after the original injection of mono- 
clonal antibody, groups of treated, or control thymectomized, 
mice were compared for the expression of various T-cell markers 
using the cytofluorograph. All of the rat IgG2b antibodies gave 
substantial and long-term depletion (5 weeks post-antibody in 
Table 1) of their target T cells. Residual rat immunoglobulin 
could not be detected and an anti-globulin response was 
observed by day 10 (in all but YTS 191.1-treated mice, results 
not shown), This means that suppression was unlikely to be due 
to blocking of function, temporary changes in the pattern of 
lymphocyte circulation or ‘antigenic competition”, which could 
contribute to the short-term effects described in other sys- 
tems™-”, such as that of LeGros et al”. 
Selective manipulation of the major T-cell subsets could be 
readily achieved with the IgG2b monoclonal anti-L3/T4 or 
-Lyt-2 antibodies (Table 1). For example, if we consider the 
YTS 169.4 (anti-Lyt-2) treated group, the Lyt-2-postive cells 
were reduced to 0.2%, which represents a specific depletion of 
at least 96% compared with thymectomized controls. Elimina- 
tion of cells was also effective in the lymph-nodes, with 14.5% 
Lyt-2-positive T cells in controls compared with. 1.2% in treated 
‘mice (results not shown). The loss of Thy-1, L3/T4 and Lyt-1 
in these treated mice was consistent with a reduction in only 
the Lyt-2-positive T cells. Over a 12-month observation period, 
there was no observable change in Lyt-2 expression. This demon- 
strates that any remaining Lyt-2-positive T cells were unable to 
repopulate the animal and that, in these conditions, the mature 
Lyt-2-negative phenotype was stable and irreversible, in contrast 
to some suggestions of phenotypic switching”. Similar long-term 
depletions were observed in the YTS 191.1 (anti-L3/T4) treated 
mice, although we have not followed these animals. beyond 6 
months post-injection. It is possible that further injections of 
antibodies are required to maintain depletion during a very 
strong antigenic challenge, where small numbers of residual T 
cells might be induced to proliferate. 
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Table 1 Depletion of T-cell subsets in vivo by serotherapy with monoclonal antibodies 













































those expected considering the surface phenotype of the 
ing T cells. Mice depleted of L3/T4-positive cells did not make 
an antibody response to sheep cells (Fig. 1) or the injected rat 
immunoglobulin (results not shown), and were also unable to. 
develop delayed hypersensitivity (HSV-DH, Table 1) to herpes: 
simplex virus (recently implicated as an important effector. 
mechanism in immunity to such viruses” and in allograft rejec- 
tion®'). Mice depleted of either subset (L3/T4 or Lyt-2) were 
unable to produce cytotoxic T cells to allogeneic targets in vitro 
(Table 1, Fig. 2). This is because the generation of cytotoxic T: 
cells depends on the presence of both helper (Lyt-27) and 
cytotoxic precursor (Lyt-2*) cells**; simple mixing of the ce 
from the L3/T4- and Lyt-2-depleted animals at the start of the 
culture period reconstituted the response (Fig. 2). Therefore, 
animals can be independently depleted of the ‘helper or- 
‘cytotoxic’ T-cell lineages by administering monoclonal ‘anti- 
bodies to L3/T4 and Lyt-2. These animals have remained func- 
tionally depleted for at least 6 months after monoclonal antibody 
injection. Previously, this could only be achieved, albe 
inefficiently, by using populations of T cells depleted of Lyt-1* 
or Lyt-2* subsets in vitro to reconstitute lethally irradiated, 
thymectomized. mice*. Such animals may have a contribution — 
from radio-resistant T cells”, and complications associated with 
irradiation are avoided by the in vivo antibody treatment. The | 
major advantage of using subset-specific monoclonal antibodies 
directly in animal models is that it should be possible to apply’ 
the rules learned in, for example controlling allograft rejection, 
to therapy in man. 
It is still not entirely clear which T cells are responsible for 
the rejection of skin grafts in mice*!**”°, partly perhaps becau 
of some confusion over Lyt-1 expression”. We used CBA mic 
depleted of either L3/T4- or Lyt-2-positive T cells to determing 
the cells required to reject fully mismatched (BALB/c) or H- 
matched (minor antigens mismatched, B10.BR) skin grafts (Fig 
3). In both cases, Lyt-2 depletion did not delay rejection, while 
L3/T4 depletion led to greatly increased survival of the gr 
These results were confirmed using normal CBA mice (with ; 
thymus) given a 14-day course of antibody to cover the in 
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Antibody Thy-1 Lyt-1 Lyt-2 L3/T4 L3/T4: Lyt-2 Specific HSV-DH Allo-CTL 

treatment (154.7) (121.5) (169,4) (191.1) ratio depletion (x 107? mm) (% control) 
YTS 154.7 16(-) 2.3(+) 0.6(—) ND ND 90 10.4+ 1.5 ND 
YTS 121.5 2.5 2.7(-) 0.7(-) ND ND 82 5.54 1.0 21 
YTS 169.4 10.3 11.0 0.2(—) 11.3 57 96 13.04 1.8 2 
YTS 191.1 8.8 4.7 5.0 1.5 0.3 86 4.52.0 0 
None (ATX) 15.7 14.6 5.1 10.8 2.1 0 1$.442.3 100 
Normal 33.5 35.0 11.4* 24.3* 2.1 ND ND ND 
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Male CBA mice were thymectomized at 5-6 weeks of age, randomly selected for injection of monoclonal antibodies and tested 3 weeks later for 
their responses to sheep red blood cells (SRBCs) as described in Fig. 1 legend, HSV-specific delayed hypersensitivity (DH) as described below or” ; 
generation of.allo-CTL as described in Fig. 2. Two mice from each of the SRBC-primed group were selected at random, 5 weeks after monoclonal 
antibody injection, and the spleen (and mesenteric lymph nodes, data not shown) was taken for analysis of T-cell markers. Red cells were lysed 
by NH,C!I treatment and the remaining lymphocytes incubated for 1h at 4°C in antibody supernatants at 100 pg mi”? of medium containing 5%: 
heat-inactivated normal rabbit serum to block Fe binding, and 0.1% NaN. After washing, bound monoclonal antibody was detected by incubatio 
with fluorescein isothiocyanate (FITC)-labelled mouse monoclonal antibodies to rat immunoglobulin light chains (MAR 18.5) and rat IgG2b 
(NORIG 7.16)°° Cells. were. washed in medium. containing 50 pg mi”! propidium iodide to stain dead cells, and resuspended in phenol red free: 
medium containing 0.5% bovine serum albumin and 0.1% NaN,. Samples were analysed using the H50 Cytofluorograf with 2150 computer (Orth 
Diagnostic) at 1,000 cells s“'. Computer gating was used on forward and 90° light scatters, and on red fluorescence (propidium iodide) such that: 
histograms of green (fluorescein) fluorescence were obtained for live, monomeric cells. Numbers show % positive cells (above fluorescence channel 
40 on a linear scale of 1,000 channels: controls with the FITC-labelled anti-globulins alone gave background of 0.1-0.3% positive) and are means 
of the results obtained from two mice in each group analysed individually. % Specific depletion is the % depletion of cells with the phenotype of 

injected antibody specificity as compared with ATX controls. Also shown for comparison are results for two normal (not thymectomized) CBA 
mice. HSV-DH: For the induction of virus-specific delayed hypersensitivity, 10° plaque-forming units (PFU) HSV-1 TK” (strain CL101 deficient 
in thymidine kinase) was injected into the ear pinna, as previously described*?, Seven days later the mice were challenged with 5 x 10° PFU HSV-! 
TK" in the contralateral pinna and the DH response was measured 24h later as the increase in ear thickness**. The results are expressed as the 
arithmetic mean +s.d. of 5 mice per group. CBA mice receiving only the challenge inoculum, as a control for nonspecific inflammation, gave. 
-3.821.2« 1072. mm. Allo-CTL: % control cytotoxic T lymphocytes calculated from the effector: target ratio required to give 30% specific lysis (Fig; 
Plus of minus in parentheses indicates respectively a ~10% increase ~or a 25-50% decrease in mean fluorescence of positive cells. ND, not 
` determined. Underlining emphasizes the depleted population. 
o O * Lyt-2+13/T4 gave 38.7% positive. 
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Fig 2 L3/T4- and Lyt-2-negative mice are independently dep- 
“feted of the helper and cytotoxic T-cell lineages. @, Normal thymec- 
tomized (ATX) mice; x, YTS 191.1 (anti-L3/T4) treated ATX 
mice; ©, YTS 169.4 (anti-Lyt-2) treated ATX mice; A, 50:50 mix 
of cells at start of culture from YTS 191.1 and YTS 169.4 ATX mice. 
Methods: Spleens were taken from two normal, two YTS 191.1 
(anti-L3/T4), and two YTS 169.4 (anti-Lyt-2) treated, adult thy- 
mectomized male ‘CBA mice, 3 weeks after monoclonal antibody 
administration. Responder cells from individual mice were incu- 
bated at both 210° and 510° cells ml”! with 10° irradiated 
(2,500 rad) BALB/c stimulator spleen cells in 1-ml Linbro cultures, 
in Iscovés modified Dulbecco’s medium containing 5% fetal calf 
: serum (FCS) at 37°C for 6 days with constant rocking. Effector 
cells were collected and pooled from the mixed lymphocyte cultures 
for each animal and titrated (in triplicate) in 100-4] microtitre 
wells with 10* BALB/c spleen cells that had been previously 
stimulated with concanavalin A for 2 days before labelling with 
*'Cr-labelled sodium chromate. The supernatants were removed 
for y counting after 4h at 37 °C. Cytotoxic activity was measured 
as the % specific *'Cr release, calculated as: 


% Specific release 
experimental release — spontaneous release 





x 100 
total release — spontaneous release 


where the spontaneous release was from labelled targets alone, 
. and the total release was from detergent-treated targets. Effector: 
target ratios were calculated on the basis of the number of cells 
added at the start of the mixed lymphocyte culture. Each point is 
the mean of two experiments. Approximate % of control activity 


asshown was calculated from the effector to target ratio required 
to give 30% specific release. 


period. of grafting with fully allogeneic (BALB/c) skin (mean 
raft survival in days: no antibody, 1142; anti-Lyt-2, 1242; 
anti-L3/T4, 2543; anti-Thy-1, 25+3). Immunoperoxidase 
_staining’® of spleen sections taken on the day after rejection 
confirmed that the target cells were still relatively depleted. 
These results suggest that T cells with the phenotype Thy-!*, 
‘13/T4", Lyt-2> are the major promoters of primary graft rejec- 
ion in mice. However, Lyt-2-positive cells may have a secondary 
ole, particularly in fully mismatched grafts, where removal of 
IL T-cells was more effective than removing just the L3/T4 cells 
ig. 3) and anti-Lyt-2 injection from day 7 of grafting in 
_previously untreated mice did lead to delayed rejection (mean 
urvival 1823 days compared with 13+2 days in untreated 
controls, not. shown). This confirms and extends the results 
_obtained by adoptive transfer into lethally irradiated, thymec- 
_tomized.rats where the W3/25* helper T cells were sufficient to 
cause graft rejection’’. 
‘The above results demonstrate that selected rat IgG2b mono- 
nal antibodies can be very effective in vivo. These would also 
‘seem to. be the best. candidates for human therapy”, because 
rat 1gG2b is the only subclass known both to fix human comple- 


ent*’"° and to activate antibody-dependent cell-mediated 
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Fig. 3 Suppression of skin allograft rejection with monoclonal 
antibodies. Per cent surviving grafts are shown for the following 
groups: Con, controls with no antibody treatment; Lyt-2, YTS 
169.4 (anti-Lyt-2) treated group; L3/T4, YTS 191.1 (anti-L3/T4) 
treated group; Thy-1 + Lyt-1, YTS 154.7 + YTS 121.5-treated group. 
Groups of 4-10 thymectomized CBA mice were given 2 x0.2 ml 
of rat IgG2b monoclonal antibodies intravenously as described in 
Fig. | legend. BALB/c differing in H-2 and minor histocompatibil- 
ity antigens or B10.BR (minor histocompatibility differences) tail 
skin was grafted to the lateral thoracic wall 4 weeks and 8 weeks 
after antibody treatment respectively, and covered with Vaseline- 
impregnated gauze and plaster bandage. The dressings were 
removed on day 10 and the grafts inspected every day for rejection. 


cytotoxicity in vitro*', the latter even at very low antibody 
concentrations. Although most of the above experiments used 
large (~0.5 mg) amounts of antibody, YTS 169.4 is able to 
deplete Lyt-2 cells, and YTS 191.1 can suppress antibody 
responses using a total of 1-10 wg per thymectomized mouse. 

Using specific monoclonal antibodies to manipulate the 
immune response, there are at least two ways in which funda- 
mental aspects of immunoregulation can be investigated. First, 
subset-depleted mice can be used to determine the T cells 
involved in different aspects of bacterial or viral infections. Such 
animals are also a source of subset-depleted cells for in vitro or 
adoptive transfer work, with the advantage that no antibody or 
complement need be present at the time of the experiments. 
Second, T-cell subsets can be manipulated at any time during 
a response to foreign antigen or in autoimmune diseases, in 
order to probe the events which regulate the immune system as 
a whole. Elimination of cells in vivo is also a requirement for 
the treatment of neoplastic disease, and the above reagents are” 
being used to develop a model for the serotherapy of leukaemias. 
The use of monoclonal antibodies as therapeutic agents in 
animal models should allow us to extend strategies for 
serotherapy which are directly applicable to. man. 

We thank Gill Martin, Penny Lovat and Jenette Phelan for 
their technical assistance. This work was supported by MRC 
grants. 

Note added in proof: We have recently shown that Lyt-2* cells 
may have a major role in graft rejection when the animals have 
been previously primed to the graft antigens. a 
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Since the discovery of opiate receptors in the central nervous system 
(CNS)'*, it has become apparent that endogenous opiate ligands 
are involved in CNS function. Most attention has focused on their 
role in modulating pain, but they have also been implicated in 
various physiological functions and in disease states. We are 
concerned with evidence that endogenous opioid peptides may also 
contribute to the neurological deficits arising from cerebral 
ischaemia**. Dynorphin, which is widely distributed in the brain 
and pituitary®”’, has been reported to produce unusual motor and 
‘behavioural effects™*' and may act as a regulatory neuropeptide, 
not as a classical opiate agonist or antagonist'*"*, We have 
therefore administered to cats in which the right middle cerebral 
artery had been occluded both dynorphin (1-13) and analogue and 
control materials. We find that dynorphin (1-13) prolongs survival. 
_. Forty-two adult male cats (3-5 kg) assigned randomly to one 
f four groups were anaesthetized with halothane and subjected 
‘transorbital occlusion of the right middle cerebral artery'®. A 
‘subcutaneous pocket was created for later placement of an 





































Table t The 18-point scale used for assessing neurological function i 
cats examined 6 h after middle cerebral artery occlusion 





Neurological response Score- 


Motor function 
Cat walks with normal gait—no neurological deficit 
Cat walks with abnormal gait, has mild hemiparesis 
Cat barely walks with moderate hemiparesis 
Cat unable to walk with moderate hemiparesis 
Cat unable to walk with severe hemiparesis 
Cat unable to walk with hemiplegia 


Sensory function 

Cat responds appropriately to tactile and noxious 
stimuli 

Cat responds appropriately to noxious limb stimuli 
only 

Inappropriate response to noxious limb stimulation 
only 

Reflex response to noxious limb stimulation only 

No response to noxious limb stimulation 


Level of consciousness 
Awake and alert 
Awake and alert with lack of spontaneous movements 
Drowsy, responds only to noxious stimuli 
Stuporous, minimal response to noxious stimuli 
Comatose 


Pupillary response 
Unilaterally reactive to light 
Unilaterally unreactive to light 





osmotic pump through a small midline lumbar incision, and the 
cat allowed to awaken. Six hours after occlusion, sensory and 
motor function, consciousness and pupillary reaction to light 
were graded on an 18-point scale (Table 1) by two persons who. 
did not know to which group the cat had been assigned. T 
cats then received an intraperitoneal injection (2 ml) of on 0 
the following solutions: (1) sterile normal saline; (2) ‘Leu 
enkephalin, 750 pg kg™' (1.35 pmol kg~') in saline; (3) dynor 
phin(1-13), 2 mg kg~! (1.25 pmol kg~') in saline; or (4) dynor- 
phin(3-13), 2 mg kg™' (1.43 pmol kg™') in saline. Neurological 
assessment was repeated: 20 min after injection. r 
Under ketamine sedation, an osmotic pump (Alzet 2MLI,.: 
Alza Corporation) was implanted in the subcutaneous pocket. 
to deliver saline at 10y1h~', Leu-enkephalin at 20pgh"! 
(36 nmol h~’), dynorphin (1-13) at 50 pg h™' (31 nmol h™!), or” 
dynorphin (3-13) at 50 pg h™' (36 nmole h7'). The pumps were 
coded so that each cat received the drug with which it had been :: 
injected earlier. 
The cats were housed in metabolic cages at constant tem-. 
perature and humidity and were examined frequently. Penicillin 
G, 1 MU per day, was administered intramuscularly; lactated” 
Ringer’s solution was injected subcutaneously to provide 
adequate daily fluid maintenance until the cat began to eat and. 
drink. So long as the cats were alive, their neurological condition. 
was assessed daily by the battery of tests shown in Table 1;.7 
days after occlusion all the cats were killed. The brain was 
removed and a coronal section made at the optic chiasm. The 
slices were incubated in a 2% solution of 2,3,5-triphenyl-° 
tetrazolium chloride (TTC) for 25 min’®!*. Colour slides were 
made of the stained slices, and the affected hemisphere and. 
infarcted area were traced from projected images of the slide. 
Using a digitizing pad (BIT PAD ONE, Summagraphics, Fair- 
child, Connecticut) and a planimetry program on a PDP-11/23 
computer, infarct size was calculated as the percentage of infac- 
ted tissue relative to the entire hemisphere. 
Neurological scores before and 20 min after acute injection. 
of the peptides were compared by non-parametric analysis of 
variance (Kruskal-Wallis) followed by post hoc individual com- 
parison, and the infarct sizes were compared by one-way analysis.” 
of variance. Kaplan-Meier survival curves were constructed and: 
Gehan’s statistics used to compare the survival between. the: 
groups. 



















































changes associated with acute subcutaneous administration of 
dynorphin (1-13). After middle cerebral artery occlusion, blood 
‘pressure, heart rate, respiration and core temperature were 
“monitored. The radiolabelled microsphere technique of Heyman 
tal. was used to determine cardiac output and cerebral blood 
flow before and after subcutaneous administration of dynorphin 
(1-13). 





Table 2 Survival after middle cerebral artery occlusion in cats 





<24h 24-48 h 1 week 
Saline 0/12 (0%) 0/12 (0%) 0/12 (0%) 
Dynorphin (1-13) 7/10 (70% } 6/10 (60% ) 6/10 (60% )* 
Dynorphin (3-13) 2/10 (20% ) 0/10 (0%) 0/10 (0%) 
Leu-enkephalin 2/10 (20%) 0/10 (0%) 0/10 (0%) 





* P<0.001 compared with control at | week. 


All cats in the control group died within 48h of middle 
cerebral artery occlusion, whereas 60% of the cats that received 
dynorphin (1-13) survived for | week with minimal neurological 
deficits (Table 2). The small improvements in survival with 
ynorphin (3-13) and Leu-enkephalin were not statistically 
ignificant. There was no statistically significant effect on neuro- 
logical function or infarct size in any group. Dynorphin (1-13) 
did not alter blood pressure, heart rate, cardiac output or 
regional cerebral blood flow. 

The observation that dynorphin (1-13) does not influence 
systemic variables or regional cerebral blood flow suggests that 
its effects are mediated directly in the CNS. The ineffectiveness 
of dynorphin (3-13), which lacks the opioid properties of dynor- 
‘phin (1-13), suggests that the capacity of the latter to enhance 
survival is mediated through opiate receptors. 

Despite reports of the effect of peripherally administered 

peptides in the CNS?! the mode of action of dynorphin (1-13) 
inthis study is unclear. Many peptides, such as the enkephalins, 
thyrotropin- releasing hormone and somatostatin, penetrate the 
lood-brain barrier poorly”, but it has also been suggested that 
ven peptides with low brain uptake can enter the brain in 
appreciable quantities if high plasma concentrations are 
maintained for long enough”. Continuous infusion of dynor- 
phin (1-13) by subcutaneously implanted osmotic pump may 
have achieved this goal. 
< Our results provide further evidence for the involvement of 
endogenous opioid peptides in the pathophysiology of cerebral 
ischaemia. The protective effect of dynorphin (1-13) against 
death from focal cerebral ischaemia demonstrated here warrants 
further investigation and suggests possible clinical use of dynor- 
phin (1-13) and its related analogues for human stroke. 
“This work was supported in part by grant no. NS20620-01 
from the National Institute of Neurological and Communicative 
Diseases and Stroke of the National Institutes of Health. The 
peptides used in this study were a gift from Peninsula 
Laboratories. The radiolabelled microsphere study was perfor- 
‘med with the help of Dr. Abraham M. Rudolph. We thank Bruce 
. Payne for technical assistance and Stephen Ordway for 
editorial assistance. 
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The sexual phenotype of an adult mammal depends on whether 
the fetal gonad has differentiated as a testis or as an ovary. Because 
individuals of XY or XXY sex chromosome constitution develop 
as males, while XX and XO individuals develop as females, the. 
presence of a Y chromosome seems normally to be required for 
testis differentiation and its absence to be necessary for differenti- 
ation of an ovary. The nature of the hypothetical Y-dependent . 
substance responsible for masculinization of the indifferent gonad 
has been a matter for debate. A male-specific transplantation 
antigen, H-Y, has been known for many years’, and more recently 
a serologically detected antigen, also male-specific, has been repor- 
ted’. Those who believe that the two are antigenically distinct** 
refer to the latter as SDM (serologically detected male) antigen, 
but many refer to both as H~Y antigen**. The hypothesis” that 
H-Y is itself the Y-dependent testis inducer, although supported 
by little or no direct evidence?’ is economical and hence attractive. 
H-Y antigen is frequently stated to be the substance responsible 
for primary sex determination (for example, see ref. 11). We report 
here that H--Y is absent from certain mice that develop testes and 
are of indisputably male phenotype, hence this transplantation 
antigen is unlikely to be responsible for testis determination 

The mice examined form part of a stock segregating for 
Sex-reversed (Sxr)'®'3, Sxr causes XX embryos to develop as 
phenotypically normal though sterile males; XY carrier males 
are now known to possess an extra copy, transposed to a position 
distal to the X-Y pairing region'*’°, of a region of the Y 
chromosome located near the centromere (Fig. 1). Because of 
its new location, the transposed region is transferred to the X 
chromosome by crossing-over during male meiosis'®'* and, as 
the resulting X/X*” mice develop as males, the region is pre: 
sumed to include the testis-determining factor Tdy (Fig. 1). 
However, the masculinizing activity can be partly or wholly 
suppressed if the Sxr-carrying X chromosome is partnered by“ 
the differentially active T(X; 16)16H X-autosome translocation 
(TI6H)'?°, TI6H/X®" mice may develop as females, males-or 
hermaphrodites; we presume that they are mosaics of female- 
determining cells in which the X-inactivation process has.spread 
into the translocated Sxr region, and male-determining cells in 
which Sxr is still expressed. The sexual phenotype of an 
individual would then depend on the proportions of the two 
types of cell within the gonad primordium. Sxr-carrying females 
constructed in this way are fully fertile. 

x/X*" males (and TI6H/X*” males, which in the absence 
of banded karyotyping cannot be distinguished from, X/X°" 
males) are positive for H- Y transplantation antigen*'”’, showing 
that the translocated region contains the gene controlling H-Y;: 
















































‘TI6H/X°*” females also are positive for H-Y, whether 
_ tested by an in vitro cytotoxic T-cell assay or by the proliferative 
< fesponses of H-Y-specific T-cell clones”. If these Sxr-carrying 








_ females are indeed mosaics, containing a cell population in 2 Tay 

< which the Sxr sequences are expressed, this result is not surpris- we AVG i 

ing. It is interesting that the presénce of H-Y antigen in no way S e l X ! l ' 

interferes with female reproduction. = ! Li i ! i l i 
However, one Sxr-carrying female out of 11 tested” con- ea ord i i H ! 

~sistently proved to be negative for H-Y antigen (female 39 in 5 Sxr i | 


Table 1). This result could reflect one extreme of a mosaic 
distribution, in which virtually all cells have expression of the 
Sxr region suppressed by X-inactivation; such a situation would 


Meiosis Sperm 


_be a property of the individual and would not be inherited. Fig. 1 Inheritance of Sxr. Sxr carrier males produce four different 
Alternatively, it could reflect an alteration in the Sxr region, types of sperm, and hence progeny, because of the single obligatory 
such that the masculinizing activity is retained but the antigenic- cross-over between X and Y chromatids during male meiosis. The. 
ity associated with the gene for H-Y is no longer expressed. If broken lines indicate pairing regions in the X and Y chromosomes, 




















Source of Proliferation (c.p.m. x 107°) 
stimulating ora! Gis 
target cells Cytotoxicity Clone (antigen specificity): Summary 
: went - C3/A4 10-2-12 2-1-1 No.4 of typing 
Expt Sex (serial no.) Genotype Anti-H-2* Anti-H-2” Anti-H-Y" Anti-H-Y° (D“+H-Y)  (D°+H-Y)  (I-A°+H-Y) (I-B*) H-2 H-Y 
ce g (39) TI6H/X™" 31 9 1 2 5 16 16 ND k ~ 
1 2 (30) XX 21 2 i i 5 15 2 ND k = 
é (46) XY 22 -1 17 -1 121 ND 1 ND k + 
3 (59) (TI6H or X)/X5”” 16 15 1 4 3 n 4 ND k/b 
2 é (58) TI6H/Y 16 19 29 22 539 1,290 38 ND k/b 
g (55) XX ll 0 0 0 45 52 9 ND k 
g (64 ND ND ND ND 99 70 10 ND k 
g (68) TI6H/ XS" ND ND ND ND 1,122 43 17 ND k 
g (69) TI6H/x*" ND ND ND ND 813 16 16 ND k 
3 3 (71) TI6H/Y ND ND ND ND 1,245 1,358 346 ND k/b 
3 (72) TIGH/Y ND ND ND ND 1,271 60 163 ND k/b 
3 (73) XY ND ND ND ND 1,009 1,645 677 ND kb 
é (74) XY ND ND ND ND 1,261 1,367 265 ND k/b 
3 (117) (TI6H or X)/X*" ND ND ND ND ND 20 2 ND k/b 
4 g (114) TI6H/Y ND ND ND ND ND 760 90 ND k/b 
Q (121) ND ND ND ND ND 6 1 ND k/b 
3 (146) (TI6H or X)/X®™® 40 TF 3 8 ND ND 1 189 k 
5 3 (CBA XY 49 TF 39 8 ND ND 4 233 k 
g (CBA), XX 30 TF 0 9 ND ND 15 224 k 
g (197) TI6H/X*" 41 3 il 7 5 ND 4 590 k 
6 3 (CBA) XY 40 0 36 0 449 ND 3 334 k 
g (CBA) XX 40 1 7 3 6 ND 4 419 k 


Spleen cells were obtained by partial splenectomy from number-coded mice. The code was broken only after the results had been computed. To prepare stimulato: 
cells for the T-cell clones, or targets for cytotoxic T cells or antibody plus complement lysis, red blood cells were removed from the spleen cell suspensions, which were’ 
resuspended at 8 x 10° ml in RPMI 1640 containing 10% fetal calf serum, 5 x 10°” M 2-mercaptoethanol, 10 mM HEPES, penicillin 50 1U mi” ' and streptomycin $0 pg ml 

(RPMI medium). Appropriate aliquots were taken for use as Con A blast targets (see below) and the cells to be used to stimulate the T-cell clones were irradiated | 
(2,000 R) before being dispensed in volumes of 0.1 ml per well into flat-bottomed microtitre plates for the proliferation assay (see below). H-2 typing was performed 
with cytotoxic T cells (cell-mediated lysis, see below), and in experiments (5) and (6), with a proliferative T-cell clone specific for the I-E" molecule. Typing was: 
confirmed in experiments (2)-(6) using antibody plus rabbit complement with °'Cr-labelled splenic lymphocytes (either fresh, 2-day or 5-day Con A blasts) and: 
monoclonal antibodies 28-13-38 (anti-K°) and [2-2-28 (anti-K"D"), each at a 1:7,500 dilution of ascites fluid(provided by Dr D. Sachs). A single-step cytotoxicit 

test was done in a final volume of 200 p1 (50 pl cells, 50 ul antibody plus 100 yl rabbit complement at a final concentration of 1:30). Cell-mediated lysis (CML) was 
performed essentially as described in ref. 23 using as attacker cells 5-day mixed lymphocyte cultures (MLC) of the following type: anti-H-Y° = C57BL/10- female. 
immunized in vivo and boosted in MLC with C57BL/10 male spleen cells; anti-H-2° = BALB.K or CBA anti-C57BL/10; anti-H-Y* = (C57BL/10 XCBA)F, female 
immunized in vivo and boosted in vitro with CBA male cells; anti-H-2" = C57BL/10 or BALB.B anti-CBA. Target cells were splenic lymphocytes held in culture before 
the CML assay either for 2 days with RPMI medium containing 4 pg ml”! Con A or for 5 days in RPMI medium with | ug mi”! Con A, and 25% rat spleen Con A 
supernatant as a source of interleukin-2(IL-2). 2-day targets (in 2-ml volumes) were cultured in cluster plate wells at 5x 10° ml”'; for 5-day targets, 1 x 10° cells wer 
‘cultured in 12.5-m] volumes in 50-ml tissue culture flasks kept upright. Target cells were labelled with "Cr and 10° cells per well were added in 100-y! volumes't 
round-bottomed microtitre wells in plates into which attacker cells had been titrated (100 pl volumes) in triplicate in four threefold dilutions, giving a starting (highest): 
attacker: target (A:T) cell ratio of ~30: 1. Controls consisted of target cells incubated with 100 p} medium alone (medium control, C) and target cells with 100 pl 5% 
Triton X-100 (maximum release, M}. After incubation for 3 h, the assay plates were centrifuged briefly, 100 ul of supernatant collected for y counting. Per cent specific. 
lysis was calculated as E ~C/M ~ C where E =c.p.m. of target cells incubated with attacker cells, and C and M are the ¢.p.m. of target cells incubated with medium: 
alone and with Triton X-100, respectively. Per cent lysis was calculated for each A:T ratio on each target, and regression analysis was performed for each attacker/target 
combination. The per cent lysis at A: T= 10: 1 wag computed from the regression curves; this value is given in the table. Positive values are defined as those obtained: 
from titration data, with a correlation coefficient r* 2 0.80; these values are italicized. Proliferative clones: C-3 and 10-2-12-have been used previously for H-Y typing”*. 
and are specific for D+ H-Y and D° +H ~ Y, respectively. These clones are IL-2-dependent, therefore IL-2 (rat spleen Con A supernatant) was included in the assays 
at 10-20%, Clones 10-2-12 and 2-1-1 have been described previously". Clone 2-1-1 is specific for I-A” + H-Y and is IL-2 independent. Clone A-4, like C-3, recognizes 

D*+H-Y and is IL-2-dependent (K.T., unpublished). Clone no, 4 recognizes the 1-E* molecule and is 1L-2-independent (K.T., unpublished), Cells from these clone: 

were used in the proliferation assays 12-14 days after their last in vitro restimulation. They were plated at 10° per cells per well together with either 8 x 10° stimulator 
cells per cell or medium alone. After 3 days of culture, clones 2-1-1 and no. 4 were pulsed with “H-thymidine for 6h; after 4 or 5 days of culture clones 10-2-12, C-3.- 
and A-4 were similarly pulsed. DNA-bound thymidine was collected onto filters for B-counting. The results shown are an average of triplicate wells. Clone C-3 was 
“cused in experiments (1), (2) and (3), whereas clone A-4 was used in experiment (6), as it was growing better at the time. Insufficient C-3 cells were available for use in: 
“experiments (4) and (5). Background counts of cloned cells incubated in medium (plus IL-2 in the case of the IL-2-dependent clones C-3, A-4 and 10-2-12) without. 
© stimulator cells were <1,000-c.p.m. (normally <500 c.p.m.) in all experiments except (2) in which they were 2,372 for C-3. Counts of cloned celis incubated with female 
stimulator cells were sometimes higher than medium+IL-2 alone and this may reflect ‘feeder effects’ + back stimulation, since the clones in some cases expressed an: 

H-2 type not present on the stimulator cells. Where the c.p.m. in the presence of female stimulator cells was high (as in expts (2) and (3) for clones C-3 and 10-2-12),- 
-that with male cells was very high indeed (more than an order of magnitude higher), so that discrimination between positive and negative was clear. The data shown: 

for each experiment are restricted to mice shown in Fig. l, plus additional controls where necessary to evaluate the data. However, each H-2 and H-Y typing experimen 
included generally at least 20 mice (for example, the data in expt (1) are taken from a much larger experiment published in full in ref. 23). To date, we have typed over 
“mice in.this.study; for all mice other than 39, 59, 117, 146 and 197 (all H-Y-negative although each carries Sxr) the H-Y typing with T-cell clones and CML was 
dant with the genotype, that is, all males with a Y chromosome or X”"” were H-Y-positive, as were TI6H/ x**" females. ND, not done. TF, technical failure 
anti-H-2° attacker cells used in this experiment failed to lyse control CS7BL/10 male and female targets. i f ; ey 
*From the data using clone 10-2-12, mouse 72 is a presumed intra-H-2 recombinant and lacks the D> molecule; serological typing shows that it expresses. the 
KP molecule, and-the results with clone 2-1-1 show that it expresses the J-A? molecule and is H-Y-positive. Clone. C-3 confirms that mouse 72 is H-Y-positive and: 
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the alteration is stable, it should be detected in subsequent 
"generations. 
Table | shows the results of testing female 39 herself, one 
16H or X)/X*” son, two (TIGH or X)/X**" grandsons and 
ne TI6GH/X®" granddaughter, together with appropriate con- 
| mice, using both cytotoxic T cells and H-Y-specific T-cell 
clones. In experiments (1), (2) and (6), H-2 type and H-Y type 
were assigned on the basis of the cytotoxicity assay, and indepen- 
dently confirmed by the clonal proliferation test. In experiments 
(3) and (4), H-2 and H-Y were assigned on the clonal test 
alone; in experiment (5), H-Y type was assigned by the 
eytotoxicity results, but the clonal test confirmed the H-2 typing. 
In addition, H-2 typing by monoclonal antibody plus comple- 
ment was used to confirm the T-cell H-2 typing in each experi- 
‘ment except (1). 
Details of the cytotoxic T-cell, clonal proliferation and anti- 
‘body plus complement lysis assays are given in Table 1. Briefly, 
‘spleen cell suspensions were made from partial splenectomy 
amples of each mouse to be tested. After removal of red blood 
cells, the cell suspension was divided into two aliquots, one of 
which was placed in culture with concanavalin A (Con A) to 
enerate blast cells for use as target cells 2 or 5 days later in 
oth the cytotoxic T cell and antibody plus complement lysis 
ssays. The other aliquot was irradiated and used to stimulate 
he T-cell clones. All the evidence is consistent with the H-Y 
antigen defined by cytotoxic T cells and H-Y-specific T-cell 
lones being the same as that defined by transplantation. 
The family tree of 239 is shown in Fig. 2; it is apparent that 
all-tested descendants of 939 who have inherited her mate’s Y 
chromosome are, as expected, positive for H-Y antigen; on the 
other hand, those who have received her Sxr region in the 
ence of a Y chromosome, that is, X/X®" males and 
T16H/xX*”” individuals (whether male or female), are H-Y- 
negative. Histological examination of the testes of the three 
H-Y-negative (TIGH or X)/X°" males suggests that they do 
ot differ from those of H-Y-positive (TI6H ot X)/X*" males. 
t seems, therefore, that we are dealing with a variant form of 
1e Sxr region, which retains the testis-determining property but 
< has lost the sequences controlling the expression of H-Y trans- 


2 (T16H or X)/X Sar 3, HY TO6H/X Sxr $, HY 
(6417, 8146) (9197) 


Fig. 2 Family tree of Sxr-carrying 939 (see Table 2 of Simpson et al”), The stocks of mice used and the production of TI6H/X**” females 
are described by McLaren and Monk'*. TIGH/X®™ females, X/Y” males and X°*" Y” males were identified by progeny testing. TI6H/Y 
and X/X**"" males were distinguished from X/Y males and from each other by testis weights, combined where necessary with testis histology 
and often also with karyotyping. TI6H/X®™ males were not distinguished from X/X*"" males. Only those mice tested for H-Y antigen have 
serial numbers. For details of H-Y antigen testing, see Table 1. 





plantation antigen. We propose that this variant be designated 
Sxr', with the constitution Tdy*, Hya”, where Hya is the locus 
(structural or regulatory) controlling the expression of H-Y 
antigen. Tdy and Hya may be the same locus, or two separate 
loci. 

Our data do not allow us to determine whether Sxr’ lacks the 
Hya locus altogether, or retains it in a modified form such that 
the antigenicity by which the molecule is defined has been lost. 
In either case, the separation of testis determination from 
expression of H-Y transplantation antigen eliminates this anti- 
genic determinant as a candidate for the primary sex deter- 
minant. Previous reports point to the same conclusion. A single 
sterile XO male described by Melvold et al.”* had testes but was 
negative for H-Y antigen; while many H-Y-positive females. 
have been described, not only the presumed mosaic TI6H/X*>" 
females mentioned above”, but also several XY females repor- 
ted by Eicher and colleagues”, 

If mice lacking the H-Y transplantation antigen can develop 
as phenotypic males, what is the function of the H-Y antigen 
in normal males? Such a ubiquitous substance, present as far 
as we know on all cells of all male mice examined, except for 
those described here and the single male described by Melvold 
and colleagues”, should be of fundamental significance. We are: 
examining the possibility that H-Y is required for some aspect 
of male reproduction, for example spermatogenesis. Any such 
defect would not manifest itself in our H-Y-negative males, as 
they are sterile, with germ cells that degenerate soon after birth 
and do not undergo spermatogenesis, because of the presence 
of two X chromosomes. 

We do not know whether the event giving rise to the variant 
Sxr' region occurred in the cell lineage of the spermatozoon 
contributing to 239, or in a previous generation. However, it 
may be no coincidence that 239 was the daughter of a homozy- 
gous X°"/Y*" male ( Fig. 2), because the presence of two 
homologous Sxr regions, containing copious repeated DNA 
sequences”, would be expected to facilitate unequal crossing- 
over and hence separation of Hya and Tdy, if they are indeed 
two separate loci, or lossof part of Hya. We have so far examined 
65 progeny of homozygous and 99 progeny of heterozygous Sxr 
















-over model makes no prediction as to the order of Hya and 
-Tdy within the Sxr region, but requires that the Hya locus is 
flanked on both sides by homologous sequences. 

-Note added in proof: We have continued the pedigree shown in 
Fig. 2 to five generations (239 = generation 0). Of 19 (TI6H or 
X)/X**" males and 2 TI6H/X*"" females typed so far in this 
pedigree, all have proved HY negative. 
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Nucleic acid hybridization techniques have contributed sig- 
nificantly to the understanding of gene organization, regulation 
and expression’. In the context of persistent or latent viral 
infections, hybridization with specific labelled probes represents 
the most sensitive assay presently available for detection of viral 
genomes” *; During the course of persistence, viral genomes may 
exist in multiple and yet quite segregated areas in an infected 
host, but examination of ‘all tissues remains difficult and time- 
consuming. At present, the application of hybridization assays to 
in vivo infections requires either chemical extraction of nucleic 
acid coupled with dot-blot’ and gel transfer’ techniques or in situ 
hybridization®'° to cryostat tissue sections. In both cases, selected 
tissues must be removed by dissection before analysis. We describe 
here a procedure which allows efficient and reproducible screening 
of all tissue in an infected host. Our technique allows detection 
of viral genetic material in whole-body sections of infected mice, 
and provides the first evidence in vivo for accumulation of viral 
enetic:material with a parallel decrease in infectious virus during 
istent virus infection. This technique should be widely appli- 
to studies of developmental regulation of gene expression, 
nitoring locations of gene expression in transgenic mice and 
alysis of molecular mechanisms in pathogenesis. 









, without detecting another such event. The unequal cross- 

























Fig. 1 In situ hybridization to whole-body sections of a per- 
sistently infected SWR/J mouse and age- and sex-matched con- ‘ 
trols. a, b, f, Sections from a persistently infected 12-week-old < 
mouse; a and b are different representations of the same 404m an 
section. Histopathological details are recorded in a and relate to: | 
B, brain; SA, salivary gland; FP, brown fat pad; T, thymus; H, 
heart, LU, lung; L, liver; S, spleen; RC, renal cortex; RM, renal 
medulla; DD, ductus deferens; P, penis. The arrow indicates th 
mucosa of the stomach. b Shows the corresponding pattern. o 
tissue hybridization with a cloned cDNA probe derived from the: 
S RNA segment of LCMV: Armstrong CA 1371. e, Hybridization. 
of the LCMV S cDNA probe to an uninfected control mouse. d, 
e, Adjacent 40-um sections from a 10-week-old infected mouse: ` 
d, bybridization with a cytomegalovirus probe from the immediate- 
early region’; e, hybridization with the cloned LCMV S cDNA’ 
probe. f, The effect of treating a section with RNase before hybridiz- 
ation with the LCMV probe. In situ hybridization to SWR/J mice 
is also shown in Fig. 3 where a moderate hybridization signal is 
seen for the livers; this level of signal is typical of SWR/J liver 
tissue and the liver signal in Fig. | is unusually low. 
Methods: Mice were killed with ether, exsanguinated, shaved and 
then frozen in blocks of 2.5% carboxyntethyl cellulose (CMC) by 
slow immersion in dry ice ethanol. These blocks could be stored 
at ~30°C for several weeks with no apparent effect on signal 
intensities. The CMC blocks were rapidly cut to the relevant planes 
on an LKB cryomicrotome, then sequential 40-um sections were 
collected on Scotch tape. With the tape firmly pressed against the 
CMC block, the attached section could be lifted away as the block 
was moved under the microtome blade. The sections were air-dried, 
fixed by immersion in freshly prepared 4% paraformaldehyde (in 
phosphate-buffered saline, PBS), rinsed twice in PBS and again 
air-dried. Pairs of sections were usually hybridized in Seal-A-Meal 
bags. Wetting the tape allows easy transfer of the sections to the 
bags. Prehybridization was performed at 37 °C for 12-24h in 50% 
deionized formamide, 5x SSC, 2.5x Denhardt's solution with 
100 pg ml” boiled, sonicated salmon sperm carrier DNA; 6 ml of 
solution were used for each pair of sections. Hybridization was 
performed at 37 °C for 60-68 h using 2 ml of the same solution for 
each pair of sections and 2-4x10°c.p.m. of ??P-labelléd nick- 
translated DNA probe, specific activity 1-5 x 10% c.p.m. per KE 
DNA. In all cases, the LCMV cDNA inserts were excised from 
plasmid vectors and purified by gel electrophoresis before labelling. 
The average fragment length of the denatured probe was 200-400 
bases. The sections were washed three times for 30 min each at 
37°C in 2x SSC, and once for 30 min at 55°C in 2x SSC. After 
a final 30 min wash at 55 °C in 0.1 SSC, the sections were stained 
with haematoxylin-eosin (modified to substitute lithium carbonate 
for the ammonium carbonate wash) and exposed at ~70°C using 
Kodak XAR-5 film and. a Cronex Lightning Fast intensification 
screen. The film was developed after 20 h exposure. 





Fig.2 BALB/WEHI mice infected at birth with LCMV (60 PFU 
` given intracerebrally) were killed at the indicated times. Whole- 
body sections from individual mice were hybridized with a cloned 
cDNA probe derived from part of the LCMV S genomic RNA 
segment (see Fig. 1 legend and ref. 17 for details). This study shows 
in situ hybridization with sections from different animals at differ- 
ent time points (four mice at day 5, three mice at days 15, 30 and 
180). Data representative of 17 mice studied. Hybridization to the 
skin (visible especially with the day 30 animals) is not normally 
seen. 


`: Inoculation of newborn mice with lymphocytic chorio- 
meningitis virus (LCMV) readily leads to. persistent virus 
infection''~'*, Following infection, mice of most inbred strains 
éach maturity but retain life-long viraemia, with infectious virus 
present in blood and major organs. The genome of LCMV 
comprises two single-stranded RNA segments of negative polar- 
ity (RNAs designated L and S, approximate lengths 9 and 4 
‘kilobases (kb), respectively) that exist as ribonuclear protein 
‘complexes within infected cells and virions'*'°. We have pre- 
pared and characterized partial complementary DNA clones to 
both the L and S genomic RNA segments'’. These clones have 
-been labelled with “P by nick-translation’® for use as hybridiz- 
ation probes”. 
Typical results from in situ hybridization are shown in Fig. 
I, where the contrast between positive and negative controls is 
clear. The specificity of the hybridization reaction was verified 
by three independent approaches in several experiments. There 
was no positive signal from sections of uninfected, age- and 
sex-matched control animals that were hybridized with the 
‘'ECMV probes (Fig. ic) and pretreatment of LCMV-infected 
whole-mouse sections with RNase effectively abolished the 
bridization signal (Fig. Lf). Sections from LCMV-infected 
animals that were hybridized with a probe from an unrelated 
virus (human cytomegalovirus) also failed to. show any signal 
(Fig. 1d). There was good tissue preservation during the experi- 
mental manipulations and, after hybridization, sections could 
‘be treated-with histological stains (Fig. 1a, b) before autoradio- 
graphic exposure to facilitate tissue identification. Obviously, 
‘any single section.may not include all tissue types, but serial 
sections were made at different depths throughout the animal 















































Fig. 3 SWR/J mice infected at birth with LCMV (60 PFU given 
interacerebrally) were killed at various ages. Whole-body sections 
from individual mice were hybridized with cloned LCMV cDNA 
probes to part of either the large (L) RNA or small (S) genomic 
RNA segments. Two mice are shown for day 5. The control is an 
uninfected mouse section reacted with the **P-labelled L RNA 
probe. This study shows similar distribution of L and S genetic 
material in different tissues during infection (the distribution of L 
RNA in tissues from the 180-day-old mouse was similar to that 
shown with the S probe). The data are representative of >20 
individual SWR/J mice studied. 


to ensure sampling of all the major tissues at various planes. 
This whole-body sectioning revealed viral genetic material in 
unexpected locations, for example, the mucosa of the stomach 
(Fig. 1, arrowhead) and the ductus deferens (Fig. 1, DD). Other 
experiments using a CDNA probe derived from 285 ribosomal. 
RNA (P.J.S., unpublished results) showed positive hybridization 
to many tissues, with the strongest signal exhibited by thymus 
(data not shown). 

During these studies we compared several support substances, 
tissue fixatives and detergent treatments in an attempt to optim- 
ize the hybridization procedure. We found that picking up tissue 
on 3M Scotch tape was preferable to using Gene Screen Plus 
(NEN), nitrocellulose (Schleicher & Schuell) or a glass slide. 
Gene Screen Plus was similar in signal-to-noise ratio and tissue | 
retention to 3M tape, but staining with haematoxylin and eosin. 
for morphological details was unsatisfactory. Hybridization to” 
sections on nitrocellulose showed a 5-10-fold signal reduction 
and, after baking at 80°C, there was an increased tendency to 
tissue loss during the hybridization procedure. Sections picked 
up on glass slides varied in terms of tissue retention. Multiple 
procedures using proteases and Nonidet-P40 showed no sig- 
nificant enhancement of the hybridization signal. We usually 
cut 40-yum sections for hybridization, but some were as thin as 
15-um. Once cut and fixed, the sections could be stored dry for. 
up to 3 weeks with no loss of hybridization signal. Of various 
fixatives we have tried, 4% paraformaldehyde seemed the most 
effective. 

Figure 2 illustrates the distribution of viral genetic material 
during the lifespan of persistently infected BALB/ WEHI mice. . 
The patterns of hybridization are highly reproducible. for 














Fig. 4 Total cellular RNA from LCMV-infected or uninfected 
L-929 cells was extracted by the guanidinium thiocyanate pro- 
cedure*®, denatured with glyoxal, separated by agarose gel elec- 

z trophoresis, then transferred to a nitrocellulose filter”. The filter 
| was hybridized with **P-labelled probes as described for the mouse 
; section hybridization experiments. Lane 1, RNA (3 pg) from L-929 
cells persistently infected with LCMV. Lane 2, RNA (3 pg) from 
“a parallel culture of uninfected L-929 cells; the probe was an 
n Sispecific cDNA clone. Lanes 3, 4, the same nitrocellulose filter 
»vafter stringent washing and rehybridization with an L-specific 
. cDNA clone. The apparent hybridization of the L probe to an 

‘S-sized’ RNA species is being investigated. 


individual mice at each different time. Viral RNA was readily 
detectable in sections made 15 days after birth but sections made 
5 days after birth showed a barely detectable hybridization 
signal, although infectious virus can be isolated from tissues 
and blood of infected animals at this time'*'*, With increasing 
age, there was no consistent change in the distribution of viral 
RNA when comparing persistently infected BALB mice at 15, 
30.or 180. days. The titre of infectious LCMV recovered from 
the brains of individual BALB/ WEHI mice 5 days after initiating 
infection in plaque-forming units (PFU) per g (mean for five 
mice: 6 x 10°, range 7 x 10°-9 x 10°) was over 2,000-fold higher 
than that obtained from mice at 180 days (mean for five mice: 
3:0 x107, range 1x 10°-7 x 10°), yet the accumulation of viral 
nucleic acid sequences was marked at 180 days and insignificant 
at 5 days. The virus titre at 15 and 30 days after infection was 
1.4 10° and 2.5 x 10%, respectively (values represent the mean 
for five animals). In all cases, virus titres were measured in 
plaque assays using Vero cell monolayers in standard condi- 
tions'*. These experiments showing increased levels of viral 
nucleic acid accompanied by a significant reduction in the titre 
of infectious virus in brain tissue, were duplicated over the 
course of persistent infection in a different strain of mouse, 
SWR/J (see Fig. 3). The titre of infectious LCMV (PFU per g) 
recovered from the brains of individual SWR/J mice 5 days 
after initiating infection was 2.2 x10’ (mean for four animals, 
range 210°-4%10’) and at 180 days the titre was 2.5 x10* 
(mean for five animals, range 7 x 10°-8 x 10*). The apparent 
discrepancy between increased levels of viral nucleic acid and 
reduced titres of inféctious. virus suggests the presence of defec- 
tive particles generated during the course of natural infection, 
a possibility that we are investigating. This theoretical possibility 
has been raised by others*’”! primarily on the basis of experi- 
ments with cultured cells. 

¿Comparison of sections from persistently infected 
BALB/WEHI mice (Fig. 2) and SWR/J mice (Figs 1, 3) indi- 
cated that there was a significant difference in the levels of 
LOCMY nucleic acid sequences in the liver whereas other tissues 
similarin’both mouse strains. For BALB/WEHI mice, 15 
animals showed strong hybridization to liver whereas 
ent strong hybridization was seen in only 3 of 20 SWR/J 









Fig. $ Whole-body in situ hybridization and histopathological 
analysis of a single section taken from a persistently infected, 
pregnant BALB/ WEHI mouse 19-20 days after conception. This” 
female mouse had been mated with a persistently infected 
BALB/WEHI male. In situ hybridization was performed as 
described for Fig. 1, using a cloned cDNA probe derived from 
part of the LCMV L RNA. Two embryos can be observed in the | 
stained section. There is a strong hybridization signal from the” 
liver (L) and brain (B) of the pregnant mouse. The area of strong 
hybridization above the thymus in the pregnant mouse is from the’. 
salivary gland. H, heart; El, embryo 1; E2 embryo 2. The hybridiz- 
ation pattern to embryo | is highly suggestive of a central nervous 
system location for viral genetic material and this is verified by © 
the accompanying histopathology. Similar results were obtained 
with two additional congenitally infected pregnant mice using an i 
LCMV S-specific probe. eae 







































In the next series of experiments, we analysed adjacent 40-am 
sections from SWR/J mice during the course of persistent infe 
tion, using equivalent probes derived from the L and S genomi 
segments of LCMV (Fig. 3). There was no difference in th 
tissue patterns of hybridization for the L and S probes, The 
signal from L probes was normally about half that from S probes, 
consistent with our analysis of total RNA extracted from LCMV- 
infected tissue culture cells (data not shown). Figure 4 shows 
the specificity of the L and S RNA probes. 

The sensitivity of the in situ hybridization technique has been 
assessed by dot-blot experiments” using cloned LCMV cDNAs 
as standards. We have excised selected tissue areas from 40-,m 
sections and extracted total nucleic acid by SDS/ proteinase K. 
and phenol treatments to provide a direct measure of the LCMV 
RNA content in the section. For example, by hybridization with .: 
an S-specific cDNA probe, we estimate that there are ~250 pg 
of ‘S-derived’ RNA in the kidney sections of 30-day-old 
BALB/WEHI and SWR/J mice (Figs 2, 3). On this basis and’ 
together with data from other tissues, we calculate that the 
sensitivity of hybridization to tissue sections is reduced 2-10-fold 
relative to the dot-blot method. We are currently investigating | 
several parameters to increase the sensitivity of the technique 
by enhancing the specific activity of the probes using strand- 
specific probes from M13 (ref. 22) or SP6 (ref. 23) vectors. > 
Results reported here were obtained with *’P probes of specific 
activity 1-5 x 10° ¢.p.m. wg! 

Whole-body in situ hybridization proved useful in studying 
the tissues of persistently infected pregnant mice. Figure 5 shows 
viral genetic material in congenitally infected embryos of a` 
pregnant, persistently infected BALB/WEHI mouse. One 
embryo (Fig. 5, El) shows a heavier load of viral RNA than the 
other (Fig. 5, E2). Studies of other congenitally infected pregnant 
mice revealed similar uneven accumulation of viral nucleic acid 
sequences among the carrier embryos. We are currently evaluat- 
ing the expression of LCMV genetic material in developing: - 
embryos, from gestation until after delivery, and the expression ` 
of developmentally regulated genes like those associated with ` 
myelination. . 

Thus, whole-animal sections can now be studied by in situ 
hybridization and locations and changes in viral gene expression: 
can be mapped. Several limitations of the conventional in sit 





hybridization procedure are largely avoided. There is good pre- . 






servation of tissue and sections can be treated with histological 
stains after the hybridization procedure. Concurrent with these 
studies, Dubensky et al.“ have recently detected DNA and RNA 
in organs of mice following polyoma and vesicular stomatitis 
virus infections. Finally, preliminary results indicate that LCMV 
“antigens can be detected in mouse sections using immunological 
reagents. Hence, it is now possible to detect expression of viral 
RNA and protein while maintaining suitable morphology for 
detailed study at the whole-animal level. 
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Retroviruses carry cell-derived oncogenes (v-onc) that have the 
potential. to transform cells in culture and induce tumours in 
vivo’*, One of the few carcinoma-inducing viruses is the acutely 
transforming retrovirus MH2 (refs 2, 3), which carries the putative 
oncogene v-mil and the known oncogene v-myc (refs 4—6). Recently, 
‘a high degree of homology was discovered between v-mil and v-raf 
(ref. 7), the transforming gene of the murine retrovirus 3611 murine 
| sarcoma virus (MSV)*, whereas homology to v-sre is low’. Both 
` viruses express their oncogenes as the gag-fusion polyproteins™’® 
pi00*"™" and p75*****" (of respective relative molecular mass 
(M,) 100,000. and 75,000), while the myc oncogene of MH2 is 
expressed by means of a subgenomic messenger RNA". We have 
recently demonstrated that p100***"" is not a nuclear protein®. 
Here we report that purified p100%*™" and p75***"* exhibit 
protein kinase activities in vitro which, in contrast to the src-related 
` pteris of Fujinami sarcoma virus (FSV)" and all other charac- 
terized oncogene-encoded protein kinases, phosphorylate serine 
and threonine. but not tyrosine. Both types of protein kinases 
< phosphorylate lipids in vitro. 

Previously reported protein kinase studies of p75**8"*' have 
involved immunoprecipitation analyses. We have recently been 
able to recover highly purified and enzymatically active 
pi302'* protein kinase from FSV-transformed cells'*~'® (P. 
-Donner et al., manuscript in preparation), and have applied our 
protocol here to investigate whether pl00@®™! and p75##"*! 
possess. protein kinase activity. Immunoaffinity purification of 
o ploomi and p1308#'?* was performed by using monoclonal 
. immunoglobulins (IgG) against p19, the amino-terminus of the 
gag portion'’. *°S-methionine-labelled cellular extracts of FSV- 
‘and MH?2-transformed cells were applied to the columns to 
_ purify p10088"" and p13082"P* (Fig. 1). As a control, p1 1088" 

-from MC29-transformed quail fibroblasts was also purified 
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(p110, Fig. 1). Purification efficiency by this procedure is about 
3,000-fold’’. 

p75% carries a murine viral gag protein and cannot be 
isolated using the column described above. Therefore, IgG 
specific for the murine viral structural protein p30 was purified 
from polyvalent anti-p30 rabbit serum and used to set up an 
immunoaffinity column. p75®®"™! was isolated from *°S- 
methionine-labelled 3611 MSV-transformed rat fibroblasts. 3611 
MSV codes for a doublet consisting of a glycoprotein of M, 
90,000 (gp90®*"') and p75®*'*! (ref. 8). Figure 1 shows the 
purified proteins. Two additional bands were detected which 
have been observed previously in immunoprecipitates and are 
considered to be gag-processing proteins’. 

Both types of immunoaffinity columns were treated with 0.5% 
SDS after elution of the *°S-methionine-labelled gag-fusion pro- 
teins so as to isolate possible residual proteins remaining on the 
immunobeads. No such proteins were detected (data not shown). 
Similarly, when aliquots of the immunoaffinity columns loaded 
with the *°S-methionine-labelled gag-fusion proteins were ana- 
lysed by polyacrylamide gel electrophoresis in analogy to the 
protein kinase experiments described below, no protein con- 
tamination was detected (data not shown). 

The proteins recovered from *°S-methionine-labelled cellular 
extracts showed no protein kinase activity. Enzymatically active 
proteins were recovered only from unlabelled cellular lysates 
applied to the immunoaffinity columns using a modified 
approach. Instead of being eluted from the columns, the proteins 
were allowed to remain attached to the immunobeads for protein 
kinase assay. The assays used 10 mM Mg’* and 10 mM Mn** 
as divalent cations (Fig. 2); the optimum ion concentration has 
been determined to be 10mM Mn’* in all cases (data not 
shown). Autophosphorylation of p100%#™, p758e7! and 
p130%2f was detected, but no autophosphorylation occurred 
with gp90®8"! or p1 1088", In the case of 3611, two additional 
bands of lower relative molecular mass were phosphorylated. 
Preliminary evidence indicates that these bands are the result 
of proteolytic processing'®. The absence of protein kinase from 
MC29-transformed quail fibroblasts after even longer exposure 
times indicates that the p100%8™" protein kinase activity is not 
of normal quail cell origin. 

An additional control experiment was performed to exclude 
the possibility that the serine/threonine protein kinase was of 
rat cell origin. 3611 MSV cells were passed over an anti-p19 
column as a nonspecific IgG-containing column. No protein 
kinase activity was detected (Fig. 2a, control). The autophos+ 
phorylation reactions were standardized to identical protein 
























Fig. 1 Immunoaffinity purification of p1008™!, p758*#"*" p13088', and p11088: proteins. i, Input; f.t. flow through; lanes 1-5, eluted 
fractions; M,, M3, size markers (M, (x 1073) from top to bottom: M,, 92, 69, 55, 46, 30; Ma, 92, 69, 46, 30). Specific activities of the eluted 
proteins were: p90/758*8"™, 8 x 10¢ cpm pg; p130827"5, 5 x 10% c.p.m. pg’; plooes™, 3.6 x 10* c.p.m. pgs prO ™Ye 6x 10* cpm. pg! 
Methods: The cell lines used in this study were MH2-transformed non-producer quail fibroblasts®, 3611 MSV-transformed non-producer rat. 
fibroblasts®, FSV-transformed rat fibroblasts’? and MC29-transformed non-producer quail fibroblasts'’. 5 x 10’ cells of each of the cell types 
were labelled with *°S-methionine (250 uCi ml™') at 80% confluency for 2h, lysed with 10 ml RIPA buffer (50 mM Tris-HCI pH 7.2, 150 mM 
NaCl, 0.1% SDS, 1% deoxycholate, 1% Triton X-100), 10 U mi™' Trasylol, centrifuged (10,000 r.p.m., 30min, 4°C) and applied to 
immunoaffinity columns containing IgG against the murine viral protein p30 in the case of 3611, and against p19 for the other cell types. The 
anti-p30 column was prepared as follows: p30 was isolated by phosphocellulose column chromatography from 50 mg of MSV using elution 
conditions described elsewhere”, Isolated p30 (1 mg) was coupled to activated CH-Sepharose 4B (Pharmacia). Goat anti-p30 serum (10 ml) 
was passed over the p30 column and specific IgG recovered. This anti-p30 IgG (2 mg) was then coupled to protein A-Sepharose 4B (0.2 : 
as described elsewhere’ and used as anti-p30 immunoaffinity column. The anti-p19 immunoaffinity column has been described elsewhere! 
After extensive washing, the purified proteins were eluted with citric acid buffer, pH 3.5, which was neutralized immediately. The eluted 
proteins (30 ul per 2 ml of each fraction) were analysed by gel electrophoresis and autoradiography. 


Fig. 2 a, Protein kinase assay of purified pro- a b 
teins. b, Phosphoamino acid analysis. 

Methods: a, 2 x 10’ cells of MH2-, 3611-, FSV- 
and MC29-transformed non-producer fibrob- 
last lines each were lysed with RIPA buffer in 
the presence of | mM dithiothreitol, centrifuged 
(10,000 r.p.m., 30min,4°C) and applied to 
immunoaffinity columns (200 ul of packed 
beads each) as described in Fig. 1 legend. 3611 
lysates were also applied to an anti-pl9 
immunoaffinity column (3611 control). The 
columns were washed extensively'’. Instead of 
eluting the proteins from the columns, they 
remained immobilized on the beads and were 
distributed to reaction tubes for further analy- 
sis. Protein kinase activities were tested in a 
total volume of 50 wl containing 50 mM Tris- 
HCI pH 7.5, 50 mM NaCl, 1 mM dithiothreitol, 
supplemented with 10mM MgCl, (Mg) or 


Mg Mn 


Mg Mn Mg Mn Mg Mn 























10mM MnCl, (Mn). Syl enzyme-coupled i: 
beads were used per reaction. Incubation time s ; ae 
was 10 min at 37 °C, 20 pCi of [y-? PJATP i a oP C29 3611 MH2 3611 FSV 

(3,000 Ci mmol™') were used per assay. Reac- a 3 days Sees 


tions were terminated by the addition of four- 
fold concentrated sample buffer'’ for SDS-polyacrylamide gel electrophoretic analysis. Samples were treated for | min at 100°C and applied 
directly to the gels. The gels were dried and exposed for autoradiography for the indicated periods of time. b, The autophosphorylated proteins 
were cut out of the gels, eluted and processed for phosphoamino acid analysis as reported previously'*, Exposure time was 3-5 days at ~70 °C 
using intensifier screens. 


contents of the lysate inputs. The immunoaffinity columns con- 
tained excess IgG and bound all available gag-fusion proteins. 
Based on these findings, we determined the radioactivity incor- 
porated into the individual bands and found that p130%°s8fPs 
incorporated fivefold more radioactivity than did p1008°8™! or 
presen, 

_. The phosphoamino acid content of the autophosphorylated 
“proteins was determined'®. Figure 2b shows that p100%°8™! and 
p755. are not tyrosine-specific protein kinases like p13082"", 
but phosphorylate serine and threonine instead. As both 











p13082"5 and p758 originate from rat cells’, the differences 
in amino acid phosphorylation rule out protein kinase contami- 
nation by rat cells. 

p75#*8**" lacks the tyrosine acceptor site found in src'*. It was 
therefore important to analyse the amino acid specificities of 
ploo®™" and p75®2™! not only in autophosphorylation reac- 
tions but also with exogenous substrates. For this we used rabbit © 
muscle actin, calf thymus arginine- and lysine-rich histones, 
chicken H5, and phosvitin; casein was not used because of its 
high degree of autophosphorylation. The three protein kinases 














targets 


Fig. 3 Phosphorylation of substrates in vitro. a, Immunobead-immobilized enzymes were tested for their ability to phosphorylate exogenous 

substrates (5 ug each, all from Sigma) in vitro. Protein kinase assays were performed as described in Fig. 2 legend in the presence of 10 mM 

MnCl.,. Lanes 1, no substrate; 2, actin; 3, histones, arginine-rich [his(arg)]; 4, histones, lysine-rich [his(lys)]; 5, chicken histone H5; 6, phosvitin. 

For control, all substrates were tested for autophosphorylation in the absence of kinases. Exposure time was as indicated using intensifier 

screens at —70 °C. The dotted circles indicate where the substrates migrated as determined by Coomassie blue staining. b, Phosphoamino acid 

analysis of the two substrates actin and H5 phosphorylated by MH2, 3611 and FSV protein kinases. The phosphoproteins were cut out of the 
gel shown in a and processed as described previously'®. For exposure time, see Fig. 2b legend. 
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Fig. 4 TLC analyses of lipids radiolabelled with [y- "P]ATP. 
Immunobead-immobilized protein kinases from MH2-, FSV- and 
MC29-transformed cells were incubated with detergent-treated 
“L-a-phosphatidylinositol 4-monophosphate. Details of the condi- 
tions have been published elsewhere'*. Abbreviation: PIP, L-a- 
phosphatidylinositol; C,, control in which lipic was omitted; C}, 
~-eontrol in which protein was omitted. PIP marker was co-chromato- 
«graphed and traced by fluorescent light. Exposure time was 3 days 
: at —70°C using intensifier screens. 


phosphorylated histone H5 and actin, but phosphorylation of 
the other substrates was undetectable (Fig. 3a). When phos- 
phoamino acid analysis was performed with the phosphorylated 
actin and H5 target molecules (Fig. 3b), p1008""" and p75&e"* 
produced serine and threonine phosphorylation, while 
p13088""* phosphorylated tyrosine. Some IgG also became — 
phosphorylated. Actin seemed to inhibit autophosphorylation, 
while cyclic AMP inhibited all three protein kinase activities at 
concentrations ranging from 5 yM to 0.5 mM (data not shown). 

The recent finding that two src-related tyrosine protein kinases 
show lipid-phosphorylating activity?**' raised the question of 
whether the protein kinases described here, although lacking 
tyrosine specificity, are also lipid kinases, Figure 4 shows that 
pio0?8"™' and p13088'** indeed phosphorylate lipids in vitro. 
However, MC29 and normal quail cells processed by anti-p19 
immunoaffinity chromatography resulted in similar levels of 
lipid phosphorylation under identical assay conditions (see 
MC29, Fig. 4). 

Our results describe for the first time the presence of a 
serine/threonine protein kinase activity in two purified oncogene 
protein products. This activity is absent from quail and rat cell 
lines transformed by two other oncogenes, indicating that the 
kinase is not of cellular origin. Our results demonstrate that 
tyrosine phosphorylation can no longer be considered as a 
definitive property of oncogene-specific protein kinases. The 
recently observed lipid phosphorylation through the action. of. 
src”? and ros*' oncogenes does not appear to be an intrinsic 
property of the protein kinases described here since similar 
levels of activity were also found associated with pi 1058y 
and normal cell controls. Phosphorylation of lipids or proteins 
as potential target molecules needs further evaluation. Indirect 
evidence suggests that the serine/threonine protein kinases 
described here may not be unique to mil/raf but may also be 
characteristic of the mos oncogene”. 
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In most apposition compound eyes there are two components to 
the optical system of the ommatidium', the cornea and the 
crystalline cone. The focusing power of the cornea is well docu- 
mented** whereas the crystalline cone is usually regarded as a 
mere optical spacer™°; consequently, the ommatidial optics will 
consist of a simple focusing lens. To the contrary, we now 
demonstrate the existence of a complete afocal telescope in each 
ommatidium of butterfly apposition eyes. The optical system is an 
extreme variant of that found in refracting superposition eyes, 
thereby providing a connection between butterflies and moths. 
The apposition eye consists of optically isolated units 
(ommatidia) each having a lens forming an inverted image (see 
Fig. | of ref. 7). In superposition eyes, the lens systems of many 
ommatidia cooperate to form a superimposed erect image. 
Here we measured the optical properties of the ommatidia in 
the eye of a common Australian nymphalid butterfly, 
Heteronympha merope. The focal length, f, of the cornea (pos- 
terior nodal distance) was determined by suspending a cleaned 
corneal. cup from a hanging drop of Ringer’s solution, and 
measuring the size of the image of a distant object viewed 
through the cornea; this. gave a focal length of 48.6+ 1.2 um 
(s.d, N=10). The distance from the cornea to the image 
(f= nf) is 67.3~70.7 pm. (The refractive index used here, n= 
1.42, is an average derived from cornea (1.52), corneal process 
(1.34) and cone (1.41).) In sectioned material the rhabdom tips 
are consistently found at a depth of 70pm, so that if the 
crystalline cones had no optical power, an image would be 
formed at the rhabdom tips. If, however, the crystalline cone 
acts as a lens, then the system cannot be using simple focal optics. 
The- crystalline cones are so small (2.5 wm wide proximally) 
that “Most measurement techniques, including interference 
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Fig. 1 Transverse sections of the proximal region of butterfly. ` 
(Heteronympha) crystalline cones, cut in a cryotome after Lh. 
fixation. a, An image is formed of a distant letter ‘F’. The inverted’: 
image is here re-inverted by the microscope. The focal length (in 
this case 5.1 um) was calculated from the relative size of the i image. 
Sections with similar focal lengths were obtained from various 
different butterflies: Junonia villida (Nymphalidae), Pieris rapae 
(Pieridae), Zizina labradus (Lycaenidae) and Papilio aegeus 
(Papilionidae). b, A protein gradient revealed by binding of ~ 
tolouidine blue (in Heteronympha). Scale bar, 1 um, 


microscopy, are inadequate to resolve their optical structure. 
The method we finally used was as follows. Sections (4-8 um) 
of stabilized material (1h in 3% glutaraldehyde, 2% formal- 
dehyde and 4% sucrose in 150 mM Na-cacodylate buffer) were | 
cut in a cryotome at —14 °C, then examined to determine whether 
they formed images (see Fig. 1a). Parallel-sided sections.of the 
cones do indeed form inverted images and behave as powerfu 
converging lenses. As judged from the unaffected pseudopup 
the optics were not damaged by the fixation. Staining of th 
sections with toluidine blue? revealed a concentric. protein 
gradient that is probably responsible for the focusing properti 
(Fig. 1b). 

From the magnification of the images it was possible to. work 
out the power (1/f) of sections taken at different levels along 
the cone. Figure 2a shows that most of the power lies in the. 
proximal tip region; given this distribution, we were then able 
to trace rays through the cone by substituting each micrometre: 
with a thin lens whose power is given by the ordinate in Fig.’ 
2a. The results of this simulation are shown in Fig. 2b, e 
Surprisingly, we found that the proximal region of the cone has 
exactly the right optical properties to convert the focused: beam» 
of light supplied by the cornea into a parallel beam whose. 
diameter fits the rhabdom (2.2 um). The weak middle region of- 
the cone brings the converging beam to a focus ~ 8 um from 
the proximal tip of the cone, and in that 8m there is the. 
equivalent of a lens powerful enough to re-collimate the focused: 
light into a parallel beam directed down the rhabdom. It is 
noteworthy that this second lens is probably the most powerful 
known to man (0.2 megadioptres). 

The optical properties of the ommatidium as a whole are 
accurately modelled by one spherical surface (cornea) and two 
thin lenses (cone) as in Fig. 3; it has the optical form of a 
telescope (in fact, properly known as a keplerian telescope with 
a Huygens eyepiece’). The angular magnification is 6.4, so that 
rays reaching the cornea at 1° to the optical axis emerge into’ 
the rhabdom at 6.4° (Fig. 2c). Note that the field of view of an 
ommatidium is now not determined by the rhabdom diameter, 
but by the maximum angle up to which the rhabdom will act 
as a light guide (in geometric optics this would be the comple- < 
ment of the critical angle). It also follows from the telescopic 
design that the rhabdom tip is imaged onto the cornea, magnified 
9.1 times (the angular magnification multiplied by the refractive 
index inside the eye); this would mean that the 2.2 pm-wide- 
rhabdom tip fills the central 20 um of the 25 pm-wide facet, but 
in the domain of waveguide optics this cut-off will not be sharp. 
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Fig. 2 Optical properties of the crystalline cone. a, A plot of the 
focusing (dioptric) power along the cone (in kilodioptres per pm). 
There is. no power in the distal quarter but towards the proximal 
part the power risès monotonically, culminating as a powerful lens 
in the proximal tip. b, c, Rays are traced through a model cone 
where the focusing properties are simulated by a series of thin 
lenses (one per pm) with power as in a. The rays are parallel as 
they enter the cornea (not shown here) at 0° (b) and t° (c), and 
emerge collimated from the cone at 0° and 6.4°, respectively. 








Fig. 3 The ommatidial optics is accurately modelled by one 
refracting surface (f=49 jm) and two thin lenses (f= 37 and 
Sum). The ray path is that of a telescope and is shown here by 
marginal rays entering at 0° (contiguous) and 2° (dashed) to the 
optical axis. The rhabdom connects to the cone at the exit pupil 
(arrows) of the telescope. By following a pair comprising one 
dashed and one continuous ray, it can be seen that the rhabdom 
- tip is imaged at the cornea. The corresponding anatomy is shown 
to the right: the crystalline-cone is topped by its nuclei and separ- 
ated from the cornea by a corneal process. The rhabdom (striped) 
is joined to the cone tip, and the surrounding regions are densely 
pigmented (represented by solid circles: large and small. granules 
are in pigment cells and retinula cells, respectively). 


























Fig.4 Due to the reflecting tapetum, the eyes of many butterflies 

(here Heteronympha) shine brightly on incident axial illumination. 

The characteristic second waveguide mode, present at the rhabdom 

tips, is here seen imaged and magnified onto the corneal facets. 
Seale bar, 20 um. 


A valuable check on the magnification factor is given by the 
waveguide nature of the rhabdom—this provides us with 
luminous markers in the form of the second waveguide mode 
(Fig. 4). Most butterflies have a reflecting tapetum at the base 
of each rhabdom'*""*, and this makes the distal rhabdom tip 
shine brightly on incident axial illumination. Because of the 
cone-lens, the pattern of waveguide modes can thus be seen 
magnified on the cornea. The characteristically bi-lobed or 
‘doughnut’-shaped second waveguide mode is only present in 
some butterflies, apparently those with slightly wider rhabdoms, 
including .Heteronympha. The first (or fundamental) mode, 
which has a simple, nearly gaussian intensity profile’, is always 
present but can be extinguished-selectively by viewing the eyé 
through crossed polarizers. THe number of modes that are pres- 
ent and their size relative to the waveguide isa function only 
of the waveguide parameter'* 


V = md(n? = n3) A (1) 


where n, and n, are the refractive indices inside and outside the 
fibre, respectively, d is the fibre diameter, and A is the wavelength 
of light. The second mode is only present when V > 2.4 (cut-off), 
and its high relative intensity in Heteronympha indicates that V 
is not. close to cut-off. For values of V not immediately above 
cut-off, the separation of the two lobes will remain fairly constant 
at ~0.65 of the waveguide diameter'*, Direct measurements gave 
a lobe separation of 14.1 + 0.04 (+s.d.) um, making the rhabdom 
image 21.7 pm in diameter and thus the magnification 9.9, close 
to the results obtained by ray-tracing. (In this calculation we 
have ignored diffraction effects: these will tend to blur the images: 
of the modes somewhat, but should have little effect on the 
separation of the two halves of the second mode.) 

Our demonstration of afocal apposition optics in butterfly 
ommatidia provides an interesting relation between butterfly: 
apposition eyes and moth superposition eyes: both are afocal, 
but in the superposition eyes of moths and nocturnal beetles 
the angular magnification is low (1-2)'* and. a real image is 
formed across a clear zone. In butterflies the angular magnifica- 
tion is much higher (here 6.4) and there is no clear zone to 
allow the formation of superposition images. It is easy to 
envisage a gradual transition from butterfly to moth eye or vice 
versa and, as recently reported for crustaceans’, insects now 
have a possible evolutionary link between apposition and super- 
position. However, we instead face the problem of transforming 
an ordinary focal apposition eye (as in bees) to an afocal one. 








solution must await a detail d physical model compar- 
g the relative merits of focal and afocal optics in apposition 
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Considerable debate surrounds the functional and evolutionary 
significance of the complex song repertoires found in male 
passerine birds™”. A comparative study on European warblers of 
the genus Acrocephalus* has suggested that sexual selection is the 
driving force behind the evolution of the extraordinary song com- 
plexity in this group. One species in particular, the sedge warbler 
Acrocephalus schoenobaenus, sings long, variable, continuous songs 
constructed from a repertoire of discrete building blocks called 
syllables, revealed by sonagraphic analysis“. Although a strong 
inverse correlation between male repertoire size and pairing date 
was obtained from this wild population of sedge warblers, it was 
difficult to control adequately for confounding variables of male 
or territory quality which may also influence female choice at the 
time of pairing. It has been demonstrated recently that female 
songbirds implanted with oestradiol respond to playback of re- 
corded song in laboratory conditions ™®; the resulting displays 
have been used as an index of response to a variety of natural and 
experimental songs. Here we have used both natural recordings 
from an earlier field study and experimental songs to demonstrate 
that implanted female sedge warblers respond significantly more 
to playback of ‘higher repertoire sizes in standard laboratory 
conditions. 
The first experiment was carried out in May 1983 on eight 
female sedge warblers. These were taken as nestlings from the 
Lake Neusiedl area of Austria in July 1982 and hand-raised in 
the laboratory. The birds were housed in groups in appropriate 
photoperiod conditions for trans-Saharan migrants. In April, 
the photoperiod was changed suddenly to local European condi- 
tions; and in early May each female received an oestradiol 
implant. Next, the birds were caged separately and housed in 
r a soundproof chamber or an isolated quiet room for 10 
ys before the experiments. On the day of the experiment, each 

in its holding cage was transferred to an experimental sound 
yof chamber fitted with a one-way observation window and 
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Fig. 1 Responses of eight oestradiol-implanted female sedge | 
warblers to playback of recorded song from: A, three different: 
species with different repertoire sizes; B, three male sedge warblers 
with different repertoire sizes. In A, test tapes consisted. of 4. min < 
of continuous song recorded from single males of: (1) blackbi 
Turdus merula, repertoire size 115; (2) reed warbler Acrocephalus 
scirpaceus, 80; (3) sedge warbler Acrocephalus schoenobaenus, 20; 
Responses measured were a, the number of wing vibration bouts 
b, the number of horizontal crouches; c, the sum of these to give 
an overall response score. In B, the test tapes consisted of 4 mi 
of continuous song recorded from males in an English population 
with repertoire sizes of: (1) low, 14; (2) medium, 24; (3) high, 41 
Responses measured were the same as for A. The results shown’ 
are mean and standard error for the group. Each female received 
an implant of crystalline 178-oestradiol (Sigma E8E-8875) packed | 
into Dow Corning 602-235 silastic tubing of 1.47 mm id. and 
1.9mm o.d. The tubing was sealed at both ends and implanted 
dorsally under the skin of the back where it could be seen and 
removed for later analysis. i 


a speaker. Each bird was exposed to 4 min of continuous song 
from males of three different species, in random order and 
separated by intervals of 4 min silence. The sound pressure level 
was standardized at 60-65 dB at a distance of 0.5 m from the 
speaker. Responding females became active and moved 
frequently into a horizontal crouching posture, occasionall 
vibrating their wings. Both these movements were counted separ. 
ately and also totalled to give an overall response score. 

Scores for the different song presentations have been com- 
pared and tested for significance using the Wilcoxon matched- 
pairs signed-ranks test, having first confirmed overall 
heterogeneity with Friedman’s analysis of variance. Only sedge 
warbler song resulted in wing vibration, and the difference wa 
found to be significant (P <0.025) when compared with both ` 
reed warbler and blackbird (Fig. 1A). Although some crouching 
occurred to both reed warbler and blackbird song, the difference 
between these and the much larger response to sedge warbler. 
song was highly significant (P < 0.005) for crouching and the 
total display score (Fig. 1A). The negligible baseline response 
to blackbird song is nevertheless an important control, as the. 
repertoire size was nearly six times greater than that of the sedge 
warbler. The reed warbler had a repertoire size four times greater, 
and the more appreciable response obtained may in part be due. 
to some similarities in song structure between congenerië 
species. Young hand-raised birds may also be expected to show. 
rather less discrimination than wild adults, although the clear; 
differences obtained suggest that a strong genetic preference for. 
conspecific song structure is already established. 
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Fig. 2 The relationship between the mean response of five oes- 
tradiol-implanted female sedge warblers and the repertoire size of 
experimental male songs. The response score was obtained in the 
“Same way as for the first two experiments and is plotted as mean 
and standard error for the group. The correlation, however, is 
based on the original 35 data points (r=0.342, P<0.05). An 
independent correlation was also obtained between mean number 
of horizontal crouches and repertoire size (r= 0.335, P<0,05). 
Wing vibration bouts accounted for only 10.9% of the total 
response, and so there were insufficient data for rigorous indepen- 
dent correlation analysis. However, the trend was in the same 
direction and, when included within the total response score, results 
in the slightly increased value of r. The experimental tapes were 
constructed from a recording of one male sedge warbler at Lake 
Neusiedl, Austria, by Professor A. Jilka, to whom we are most 
grateful. Seven tapes were made containing 4 min of continuous 
song from this individual, but with gradually increasing syllable 
repertoires of 2, 5, 15, 25, 35, 45 and 55. As the tapes were 
constructed from the same individual, singing rate and the total 
number of syllables presented remained virtually constant. The 
‘natural temporal patterning and sequencing of syllables was also 
maintained, and the bird merely cycled through smaller or larger 
repertoires of syllable types in a normal fashion. 


The next experiment involved the same group of birds a few 
days later, and was designed to detect any preferences for 
conspecific males with larger repertoire sizes. Recordings of 
three sedge warbler males with different repertoire sizes were 
used to prepare 4-min tapes of continuous song as before. These 
were the two extremes and a middle range taken from the wild 
English population studied earlier. To avoid habituation to 
conspecific songs, the experimental design was modified so that 
although tapes were presented in random order only one pres- 
entation was made per day to each bird. We found that, in all 
three response categories, the male with the low repertoire size 
elicited significantly less response than the males with the 
medium or high repertoire (P<0.01 or P<0.025) (Fig. 1B). 
However, no significant differences could be found between the 
medium and high repertoire males. Although every attempt was 
made to hold constant all other variables except repertoire size, 
there were a number of inevitable differences between the three 
individuals. For example, the male with the medium repertoire 
sang much faster than the other two, and therefore presented 
the females with more syllables per unit time during the 4 min. 
Itis likely that his faster singing rate compensated for his lower 
repertoire and thus abolished any differential response to the 
medium and high repertoire birds. 

We therefore designed a final experiment in which all variables 
- Ginecluding singing rate) were held constant, but repertoire size 
over a reasonable range was varied, to test whether females did 
in fact. respond more to higher repertoires. We used one male 
and constructed a series of experimental tapes with gradually 
increasing repertoire size. The experiment was performed on a 
newgroup. of five female sedge warblers taken as free-flying 
-Juveniles in the Neusiedl area in August 1983: The birds were 
housed and prepared as in the previous experiments and exposed 
to 4min of continuous experimental song in random order on 
each day during May 1984. The results demonstrate a significant 





reen repertois 


"We conclude that by increasing repertoire size a male sedge 


warbler also increases his probability of ‘influencing: femal 
behaviour at the crucial time of female choice and pairing. Thes 
experiments support the view that sexual selection has an impot- | 
tant role in the evolution of repertoire size and song complexity 
in some male birds. 
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Agrobacterium tumefaciens is the causative agent of crown gall, a 
plant tumour that can arise on most species of dicotyledonous ` 
plants. The tumour-inducing capacity of the bacterium requires 
the presence of a large plasmid, designated the Ti plasmid’, which 
itself contains two regions essential for tumour formation-—the 
T(umour)-region and the Vir(ulence)-region®. The T-region isi 
transferred to plant cells by an unknown mechanism, and becomes 
stably integrated into the plant genome*”. The Vir-region has 
been identified by transposon mutagenesis'*"*, but the DNA of 
this region has never been detected in tumour lines**, However, 
trans-complementation of Vir mutants’ indicates that genes of 
the Vir-region are functional in the bacterium. Moreover, the Vir- 
and T-regions can be physically separated in A. tumefaciens 
without loss of tumour-inducing capacity, Seven loci, desig- 
nated virA-F and virO (refs 17, 20-22), have been identified in 
the Vir-region of the octopine Ti plasmid, but their functions are 
unknown. As virC mutants in the octopine-type plasmid pTiB6 
are invariably avirulent in tests on various plant species'’, this 
gene seems to be essential for virulence and we are studying it in 
detail. We report here that the promoter of virC shows no detect- 
able activity in A. tumefaciens and Escherichia coli K-12 grown 
in standard medium, but that its activity is induced by a plant 
product. 

To investigate the promoter activity of the virC gene, we 
constructed plasmid pMP30 (Fig. 1), which contains the com- 
plete lacZ gene of E. cali coding for B-galactosidase (EC 
3.2.1.23), including the translational start signals, but lacks the 
lacP-lacO regulatory sequences. E. coli strains harbouring this 
plasmid show no detectable B-galactosidase activity, indicating 
the absence of readthrough events from plasmid promoters. 
Fragments of interest can be screened for promoter activity by 
cloning them in the unique HindIII site upstream of lacZ. 

A 2.6-kilobase (kb) HindIII fragment containing the promoter 
region and part of the structural gene of virC was cloned in 
pMP30. Figure 1 shows the orientation of this fragment in 





tPresent address: Department of Molecular Biology, Agricultural University, de Dreijen H, 2 
6703 BC Wageningen, The Netherlands. i 
















plasmids. The broad. 
bar indicat c genes. The solid bars = 
cate DNA derived from the Vir-region. The 
amHi-Hindlil fragment of bacteriophage 
«Mwd (Ap’, lac) (refs 30, 31) containing the lac 
genes Z, Y and A of E, coli was cloned into 
pK04 (ref. 32). pRAL3551 contains the Pstl-O ri Hindit 
fragment from the Vir-region™. A 2.6-kb Hin- y ẹ ie ee EN ene Te 
dll fragment was isolated from this plasmid, cieie 
containing parts of virO, the promoter of virC 
and part of the structural gene of virC, but not 
the transcriptional stop of virC (ref. 17). This 
HindIII fragment was cloned in pMP30, result- 
ing in pMP31. pMP31 was transformed into E. 
* coli KMBL1164 (R772) and crossed with E. coli 
KMBL1224 (Str") with a frequency of 107°. 5 
Sixteen transconjugants were crossed with A. 39 kb 
tumefaciens LBA1010 Rif’, Ti* using Rif’, Km’, 
Ap" selection in order to select for stable 
| -R772::pMP31 co-integrates. As pMP31—a pBR322 derivative—is not maintained in A. tumefaciens"! 3, Ap’ transconjugants should carry a’ 
stable co-integrate. A backcross to E. coli KMBL1164 confirmed this (100% co-transfer of the Ap? and Km’ markers). One isolate, th 
_»R772::pMP31 co-integrate pMP33, was used to construct A. tumefaciens LBA288 (Rif', Ti”). The co-integrate R772::pMP30 (pMP32). was. 
constructed in an analogous way. The insert shows the HindIII virC fragment present in pMP3! with the direction of transcription. Restriction 
.. endonuclease sites are indicated as follows: H, HindIII; B, BamHI; S, Sma; P, Pstl; E, EcoRI; p.r. is the promoter region of virC; o.r-f. is 
‘the open reading frame of virC. ; : 
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Table 1 Induction of 6-galactosidase by virC-containing plasmids in the presence of plant exudates 





Bacterial strain/ plasmid 






E. coli KMBL1164 A. tumefaciens LBA1010, LBA88 No bacteria 
Source of exudate pMP31 pMP30 pMP33 pMP32 ; 

Pisum sativum ‘Finale’ (Leguminosae) ++ - + + 
Vicia hirsuta (Leguminosae) ++ = ND ND 
Daucus carota, root culture ++ = + + 

(Umbelliferae) 

-Nicotiana plumbaginifolia, root culture ++ = ND ND 

`o(Solanaceae) 
‘Allium cepa ‘Rijnsburger’ (Liliaceae) ++ — + + 

‘ea mays. ‘Zoete Bantammer’ = = +/+ + 


; inimal medium = = + + 
seamhan ARA Aaa aaa 
Seeds of P. sativum, V. hirsuta, A. cepa and Z. mays were sterilized?” and grown axenically for 4-8 days at 20°C in the dark. Axenic root culture 
were derived from Agrobacterium rhizogenes (hairy root disease)-infected plants of N. plumbaginifolia and from infected carrot disks (D. caròta). 
Exudates were prepared by first washing the seedlings or root cultures in minimal medium for E. coli?® or A. tumefaciens” for 5 min, followed by’ 
soaking for 4-5 h in the same medium. Exudates-of V. hirsuta and A. cepa were prepared. with | seedling per ml medium; exudates of P. sativum 
and Z: mays with | seedling per 3 ml medium. Exudates of root cultures were prepared with 0.1 g roots per ml medium. To eliminate plant fragments. 
containing B-galactosidase: activity, exudates were filter-sterilized before use. The pH of the medium did not change during incubation with the 
plant material. The sterilized exudates were inoculated with 5 x 10’ bacteria mi”! and incubated for 16h at 29°C in the presence of 120 pg mi 
X-gal. The bacterial concentration after incubation was ~2 x 10° ml™'. In a control experiment, lysates of E. coli (5 x 10’ bacteria ml~') were tested 
for B-galactosidase activity with O-nitrophenyl-8-D-galactopyronosidase (ONPG). A lysate of E. coli (pMP31!) incubated with the exudate of l 
sativum showed an A, of 0.1-0.15 after 16 hof incubation at 37°C with ONPG. Lysates of E. coli (pMP31) incubated in minimal medium and 
lysates of E. coli (pMP30) incubated in exudate showed an A42 of < 0.001 in the same conditions. The intensity of the blue colour after reactio 
with X-gal was estimated and was correlated with the quantitative X-gal assay as described in Fig. 2 legend. ++, Deep blue colour (Ago 9.4); 
+, blue colour (Ago 2 0.05); +, supernatant colourless (Aga9 < 0.01) and bacterial pellet very faint blue; —, no blue colour detectable; ND, not 
determined. E. coli KMBL1164 is F” del(lac pro) thi; A. tumefaciens LBAI010 is Rif’, Ti*; LBA288 is Rif’, Ti. i 


pMP31. It is possible that the virO promoter is also present in We tested whether virC induction was caused by the presenc 
the cloned fragment, as the position of this promoter is unknown, of plant factors (Table 1). A strong increase in virC promoter 
‘but transcription from the virO promoter over the virC promoter activity was detected in both E. coli and A. tumefaciens in the 
into the lacZ. gene seems unlikely. The direction of transcription presence of exudates from a wide range of dicotyledonous 
of virC™ suggests that any B-galactosidase induction from varieties. The response in E. coli was stronger than that observed | 


pMP31 is due to the virC promoter. for A. tumefaciens, probably because the copy number of the 
Plasmid pMP31 in an E. coli del(lac) background showed a expression vector is high (~40) in E. coli and low (~4) in A. 

io very weak but significant B-galactosidase activity after incuba- tumefaciens, The response of the virC promoter on exudates of 
tion for at least 60h om indicator plates containing 5-bromo-4- monocotyledonous plants varied with the species used. Exudates 


_-chloro-3-indolyl-B-pD-galactopyranoside (X-gal). No 6-galac- of Allium cepa were as effective as dicotyledonous exudates 

tosidase activity was detected after growth for 48 h in minimal stimulating the virC promoter, whereas exudates of Zea mays 
“medium. pMP30, a pBR322 derivative, cannot be maintained showed little stimulatory activity (Table 1). -Galactosidase 
-in A. tumefaciens. In order to transfer and maintain pMP30 and activity was undetectable in most exudates but those which did 
“pMP31, co-integrates with the broad host range plasmid R772 contain some activity were not used for promoter-activatin, 
3). were. selected and crossed to A. tumefaciens strains studies. As the cells of the plants used contain substanti 
010 (Rif’, Tit) and LBA288 (Rif', Ti”) (co-integrates B-galactosidase activity, homogenates of plant material were 

MP32 and pMP33, respectively). Neither co-integrate induced not tested. No 6-galactosidase activity was detected in control 
lactosidase activity in A. tumefaciens. E. coli containing pMP30 or pMP32. The activity i 
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Fig. 2 Thermo-inactivation curve of Pisum sativum exudate. 
Exudate of 8-day-old seedlings was filter-sterilized and kept for 
IS min at the indicated temperatures. The tubes were transferred 
to 29°C and E. coli KMBL1164 (pMP31) and X-gal were added. 
.. ‘After reaction, the bacteria were lysed with lysozyme, 400 pg ml~! 

for 10min at 20°C, followed by 20mM NaOH, 0.1% SDS for 
> 35min at 100°C. After centrifugation for 5 min at 15,000 r.p.m., the 
<> extinction of the coloured supernatant was determined at 620 nm. 

<The thermo-inactivation was used in a control experiment to deter- 
mine whether the induction factor works on the bacteria per se or 
on a component of the bacterial culture medium. Root exudate of 
P. sativum (filter-sterilized) and filter-sterilized culture medium of 
E. coli pMP31 were mixedi:1 and incubated in the presence of 
X-gal for 3h. No blue colour developed, indicating that bacteria 
äre needed for 8-galactosidase induction. Subsequently, the mix- 
“ture was heat-inactivated for 15 min at 55°C, cooled at 29°C and 
-E. coli pMP31 added. The bacteria were incubated for 16h at 
9°C. No blue colour developed, indicating that the inducer works 
“directly on the bacteria and not on a component of the bacterial 
medium. 


tumefaciens (pMP32) was not above the very low background 
due to A, tumefaciens B-galactosidase itself. In conclusion, a 
factor present in plant exudates strongly activates the promoter 
of the A. tumefaciens virC gene. 

-In an attempt to identify factors that could be responsible for 
the.-promoter-activating property of exudates, several com- 
ounds which could be excreted by plants and could thus be 
present in exudates were tested with E. coli KMB1164 (pMP31). 
None of the compounds tested—amino acids (casamino acids 
0.3%), pantothenate, nicotinic acid, p-aminobenzoic acid, 
pyridoxine, thiamine (400 ng ml~' each), arabinose, lactose, 
galactose, sorbitol, mannitol, xylose, melibiose, cellobiose myo- 
inositol (6.6 mg ml™' each) and the plant growth substances 
kinetin (6.5ygml~') and naphthalene acetic acid 
6.5 pg ml~')—-showed promoter-inducing activity. 

Control experiments (Fig. 2 legend) showed that the inducer 
works on the bacteria per se and not on a component of the 
bacterial culture medium. The exudate is heat-labile, showing 
a sharp decline in activity on incubation at 46 °C or higher and 
becoming completely inactivated after 15 min at 55°C (Fig. 2). 
_The inducing activity is not affected by treatment with RNase 
I, DNase, phospholipase A, or phospholipase D, but was abol- 
ished completely on incubation with 20 yg ml”! pronase or 
rypsin: Control experiments with E. coli CSH23-Flac* del(lac 
ro) inthe presence of the lac inducer isopropyl-B-D-thiogalac- 
topyranoside showed that treatment of the exudate with the 
enzymes did not affect the viability or B-galactosidase-inducing 
capacity of E. coli. 

The exudate factor was retained on equilibrium dialysis using 
“membranes (Spectrapore) with an indicated cut-off for globular 


E 





inducer is under way in our laboratory. : 

Our results demonstrate for the first time the existence of a. 
plant product that regulates the virulence of a plant pathogenic 
bacterium. The plant product does not require the presence of. 
the bacterium for its appearance nor to inflict severe wounding, 
which is known to be a prerequisite for tumour induction. We 
believe that the mechanism of promoter induction is indirect 
because the inducer is too large to pass through the pores of 
the outer membrane of E. coli, which in general are not per- 
meable to molecules of M,> 700d (for a recent review see ref. 
24). The promoter described here could be of practical use in 
the construction of bacterial strains meant to produce substances 
only on contact with the plant, for example siderophores****, 
The method described can be applied to the detection of other 
plant-regulated promoters in bacteria that interact with plants. 

We thank our colleagues Drs C. A. Wijffelman, E. Pees, A: 
Hoekema and P. J. J. Hooykaas for stimulating discussions. Mr 
P. E. J. Groenewegen performed some of the experiments. 
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Calcium-dependent protease (calcium protease) is apparently 
involved in a variety of cellular processes’. Here we have 
attempted to clarify the role and regulatory mechanism of calcium 
protease by analysing its structure. The complete primary structure 
of calcium protease (relative molecular mass (M,) 80,000 (80K), - 
705 amino acids) was deduced from the nucleotide sequence of. 


























































ntary: DNA. The prote ñ contains four distinct 
lomains, nd we have observed a marked similarity between the 
‘second and fourth domains and the papain-like thiol proteases 
and calmodulin-like calcium-binding proteins, respectively. This 
finding suggests that calcium protease arose from the fusion of 
genes for proteins of completely different function and evolutionary 
origin. Further, it provides functional insight into cellular regula- 
‘tery mechanisms mediated by Ca** through calcium-binding 
: proteins. 
The nucleotide sequence of calcium protease messenger RNA 
‘(Fig. 2) was deduced from the sequences of two recombinant 










“plasmids, pCP521 (cDNA insert, 2,219 base pairs, bp) and pCPI ` 


(cDNA insert, 2,024 bp). The two cDNAs span 3,368 bp and 
the nucleotide sequence in their overlapping region is identical 
(875 bp). DNA sequence analyses revealed total compatibility 
with the partial amino acid sequence of calcium (or structure 
of calcium) protease determined separately. Only one open 
frame can encode a protein of M, 80K, and mRNA for calcium 
protease was detected as a single band of 3.5 kilobases (kb) by 
_blot hybridization of poly(A) RNA from various chicken tissues 
(Fig. la). As the cDNA was 3.4 kb long, the cloned cDNA 
contained almost all of the mRNA sequence, but not the com- 
plete 5’-flanking sequence. 
“Southern analysis’ of total genomic DNA suggested the 
existence of an essentially unique gene for the calcium protease 
mRNA (Fig. 1b). By S, mapping experiments’, the 5’ end of 
othe ‘exon containing the 5’ region of the deduced mRNA 
‘sequence was localized at around —37 in the cloned genomic 
DNA sequence, allowing the 5’ sequence of the mRNA to be 
determined. We concluded that the AUG at position 1 is the 
starting signal for protein synthesis (Fig. 2). 

The mRNA for calcium protease encodes a protein of 705 
amino acids and M, 80,350. The N-terminus of calcium protease 
is blocked. N-terminal sequence analysis of the autodigestion 
product (M,78K)'” gave a sequence identical to residues 18-26; 

: a. blocked peptide corresponding to residues 2-17 was also 
isolated from, the digestion mixture. Thus, the N-terminus of 

‘the mature calcium protease is methionine at position 2. Car- 
boxypeptidase: Y digestion of calcium protease quantitatively 
liberated amino acids that were compatible with the C-terminal 
sequence from 692 to 705, indicating that Gly 705 is the C- 
terminus of the mature calcium protease. These results imply 
that calcium protease is not processed proteolytically. 

Two types of calcium protease, one with low (m type) and 
one with high (u type) affinity for Ca’*, are generally found in 
mammalian tissues'~*; chicken tissues, however, contain only 
m type calcium protease’. The enzyme comprises two com- 
ponents of M, 80K and 30K!~. The 80K protein shows the same 
catalytic and regulatory properties as the native enzyme®’, but 
the role of the 30K protein remains uncertain. The 80K protein 
should possess at least two properties, proteolytic activity and 
calcium-binding activity. 

_ Calcium protease is classified as a thiol protease®. Comparison 

of the amino acid sequence around the active site, Cys 108, with 
those for other thiol proteases (for example, Cys 29 in cathepsin 
B) revealed significant homology in a much longer sequence 
than previously. noted (Fig. 3a)". Another region around His 
265 is also homologous to the sequences around the active-site 
His residue (His 197 in cathepsin B) of other thiol proteases. 
This strongly suggests that, as with other thiol proteases’, His 
265 is essential for catalysis. 

Chicken calcium protease has several calcium-binding sites, 

at least one of which has a low affinity for Ca’* and one a high 
affinity (ref. 10). A typical structure, known to be a calcium- 

binding site, is the ‘E-F hand’ structure'''*. All proteins charac- 
“terized so far which contain high-affinity calcium-binding sites, 

for-example, calmodulin, troponin C and myosin light chain, 
contain. E-F hand structures, and constitute a protein super- 
amily with the same evolutionary origin’? '*_ A search for such 
E-F hand structure in the calcium protease sequence, using 
the method of Tufty and Kretsinger'’, revealed four candidates, 
atp sitions $89, 619, 654 and 684. Of these, those structures 












Fig.1 a, Identification of calcium protease mRNA in various 
chicken tissues by blot hybridization using a cDNA for chicken 
calcium protease as a probe. Lanes: 1, brain; 2, spleen; 3, muscle; 
4, lung; 5, kidney. The size marker was mouse ribosomal RNA. b, = 
Identification of the calcium potease gene by blot hybridization © 
analysis of chicken cellular DNA. Lanes: 1, EcoRI and Hindi; 
2, Hindili; 3, Hindili and BamHI; 4, BamHI; 5, BamHI and. 
EcoRI, 6, Pst]. Size markers were A HindIII digests. Numbers on’. 
the right and left-hand sides are size markers (kb). 

Methods: a, Poly(A) RNA (5 ug) was denatured with 2.2 M formal- 
dehyde and 50% formamide, electrophoresed on 1% agarose gel 
containing 2.2 M formaldehyde and transferred to nitrocellulose 
paper’, The hydriziation probe used was a PstI fragment (residues 
31-1,128). b, Total chicken cellular DNA was digested with restri 
tion enzymes, electrophoresed on a 0.8% agarose gel and subjected 
to blot hybridization analysis‘ using a PstI fragment (residues 

31~-1,128) as a probe. 


starting at residues 589, 619 and 684 contain highly conserved 
sequences (33-50%) seen in 30 established calcium-binding | 
sites, and consisting of 12 amino acids '° (typical examples are 
given in Fig. 3b). Their predicted secondary structure suggests. 
that these potential calcium-binding sequences are. located 
between two a-helical regions. These sites should therefore. 
function as calcium-binding sites in calcium protease. All are. 
found at the C-terminal region of caclium protease, and their 
spacing along the protease chain resembles that in other calcium- 
binding proteins (Figs 3b, 4). 

We can now develop a schematic structure for calcium pro- 
tease which is composed of four distinct domains: domain I, 
residues 1-80; domain II, residues 81-320; domain III, residues 
321-560, and domain IV, residues 561-705 (Fig. 4). The function » 
of domains II and IV was clarified using sequence homology 
and previously reported results, but the function of domains F 
and III remains unknown; perhaps they act as intramolecular 
regulators of the catalytic activity residing in domain Il or as 
binding sites for the 30K protein, inhibitor protein’” 3 or activator 
protein’™ 

Calcium is essential for the proteolytic activity of calcium 
protease; thus, the activity of domain II is suppressed—possibly 
by domains I and/or HI—when it is incorporated in the com- 
plete calcium protease molecule. The role of the calcium-binding 
domain (domain IV) is to derepress the protease activity of 
domain II. In this respect, the role of domain iV i is similar to 
that of calmodulin which, in the presence Ca** , activates (or 
derepresses) enzymes such as phosphodiesterase!” or phos- 
phorylase b kinase’ by means of protein-protein interaction. 
However, there is an important difference between the regulation. 
of enzyme activity by the calcium-binding domain of calcium. 
protease and by calmodulin. This is that the calcium protease 
calcium-binding domain (domain IV) is covalently linked to the. 
target protease portion (domain II) through domain HI. This 
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Fig. 2 a, Restriction map and sequencing strategy for the calcium protease cDNA inserts in clones pCP$21 and pCP1. The restriction map shows only relevant 
sites. Nucleotide residues are numbered in the 5’ to 3’ direction, beginning with the first residue of the AUG triplet encoding the initiation methionine, and the 
residues on the 5’ side of residue 1 are indicated by negative numbers. The poly(dA)-poly(dT) tract and poly(dG)-poly(dC) tail are not included in the map. The 
sequence of the protein-coding region is indicated by a solid box, and those corresponding to the chemically synthesized hybridization probes are indicated by 
open boxes. DNA sequencing was carried out by the procedure of Maxam and Gilbert?°. The direction and extent of sequence determinations are shown by = 
horizontal arrows under each clone used; the sites of 5’-end labelling are indicated by short vertical lines at the end of arrows, The slash marks at the ends of ` 
arrows mean that the site of 5’-end labelling was the PstI site at the end of the poly(dG)-poly(dC) tail. b, Nucleotide sequence of chicken skeletal muscle calcium 
protease mRNA and the deduced amino acid sequence. The sequence upstream of —11 was deduced from that of cloned genomic DNA. The 5'-terminal sequence 
‘presented does not extend to the 5’ end of the mRNA (see text), whereas the 3’-terminal sequence is followed by a poly(A) tract of 16 nucleotides connected to 
„the GC tail, thus representing the complete sequence of this region. The sequence, UAG, at —21 indicates the termination codon preceding the initiation codon 
at 1 in phase. The AAUAAA sequence that usually precedes the poly(A) sequence starts at residue 3,324, The predicted amino acid sequence is shown below the 
nucleotide sequence, and amino acid residues are numbered beginning with the initiation methionine. Amino acid sequences of various fragments of calcium 
protease determined by micro-scale Edman degradation are shown by small horizontal arrows. Amino acid composition of the N-terminal peptide liberated from 
calcium protease by autodigestion and amino acids liberated from the C-terminus by digestion with carboxypeptidase Y are underlined. 
Methods: a, Two sets of synthetic oligodeoxyribonucleotides were used as hybridization probes. One (no. 20) was a mixture of 16 tetradecamers, 


A 
Y ~CTATACCTNCGECA-5’, 
c 


» synthesized and used as two pools containing T or C at the ninth position, designated as N, which correspond to the amino acid sequence at positions 252-256 
0b), The other (no. 30) was a mixture of 24 tetradecamers, 


S ORE PO 
3 cTgTanactoricc 5‘, 


` synthesized and used as two pools containing A/T or G at the sixth position, designated as N, which correspond to the amino acid sequence at positions 99~103 
(see b). Total RNA was extracted from chicken skeletal muscle’, and poly(A) RNA was isolated by oligo(dT)-cellulose chromatography**. Poly(A) RNA was 
» ffactionated by sucrose density centrifugation and assayed by translation in a rabbit reticulocyte lysate system*’. Translation products were analysed by SDS-gel 
+ electrophoresis after immunoprecipitation with rabbit antibody against chicken skeletal muscle calcium protease. Fractions giving an 80K. protein band were 

: pooled and used as a template for cDNA synthesis. Double-stranded cDNA was preapared by standard methods using poly(A) RNA from the 25-265 fraction”? 
cDNA >1.5 kb was isolated by agarose gel electrophoresis and annealed with plasmid pBR322 by the GC-tailing procedure™’. Escherichia coli y1776 was used 
for transformation, and tetracycline-resistant transformants were screened in situ by hybridization” at 40 °C or at 37 °C with the synthetic oligodeoxyribonucleotide 
mixtures. no. 20 or no, 30, which were labelled with °P at the 5’ end”, respectively. One recombinant clone (pCP521) which hybridized with both of the two 
probes was isolated from 1 x10* transformants. Another clone (pCP1) was isolated from the same cDNA library by hybridization with a mixture of two PstI 
fragments (31-1,128 and 1,128-end of the GC stretch of the 3’ end) of the pCP521 insert which was labelled by nick-translation. Three hybridization-positive 
transformants were isolated; one of them (pCP1) was subjected to DNA sequencing in addition to pCP521. Both DNA strands were sequenced and all the 
-restriction sites used for sequencing were read through by sequencing begun at other restriction sites. b, A chicken genomic DNA clone, ACP115, was isolated 
from the chicken genomic DNA library provided by Dr J. D. Engel. To determine the S'-flanking sequence of calcium protease mRNA, which was not cloned 
into the cDNA recombinant pCP521, the genomic DNA was analysed by sequencing and S, nuclease mapping’. A single-stranded DNA probe spanning from 
354 (EcoRI site) to 39 (Avall site) 5’-end-labetled at the Avali site was hybridized with poly(A) RNA from chicken skeletal muscle and the S,-resistant DNA 
was analysed. 











_ regulation is more simple and the enzyme activity more directly 
controlled by Ca’* than in the case of calmodulin, where it 
exists dissociated from the target protein or as a subunit of the 
-target enzyme (as, for example, in phosphorylase b kinase'*). 

“Calcium protease contains two domains that are significantly 
homologous to thiol proteases and calcium-binding proteins. 
-Although the homology of each domain with its counterpart 
does not exceed 20-25%, the spacing of functional subdomains 
Clearly indicates their structural homology. This implies that 
calcium protease is a member of two distinct protein super- 

families. 
` . There are many examples of the fasion of duplicated genes 


during protein evolution'’®. However, there have been few reports. 
of gene fusion of proteins with different functions and evolution: . 
ary origins, probably because the structure of proteins that have 
multiple distinct functions remains poorly understood. The 
results presented here suggest strongly that calcium protease 
arose by fusion of genes for thiol proteases and calcium-binding 
proteins, although the possibility. that this protease arose by 
convergent evolution cannot be excluded. Comparison of the 
gene structure of these protein families should elucidate the 
evolution of calcium protease. 

We thank Professors K. Imahori and S. Ebashi for their 
encouragement and advice, and DrJ. D. Engel for providing: 
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<- GACACAGAĞGUGGAGUAGCEGUGČCAGUACGCAGCU AUG AUG. CCC UUU GGG 
Met Met Pro Phe Gly 






20 120 
He cen of ose cus cas aoa ac cox cus aca Ger 6 ee Sr ca cat AAC Cu su AG uac cuc MAC CAC WGA occ cuc MG EM 
i 


dls dla dng teu Gin dra Aag 4 dra hen dra Alg Gly Gly Ka; Gly Gly Wig dag dag Aia Val Lys Tyr Leu Asn Gln Asp Tyr Glu Ala Leu Lya Gln 
ao 40 


140 
GAG UGC AUC GAG AGU GGC ACC CUC UUC AGG GAC CCC CAG UUC CCA GCU GGC CCC ACU GCC cue GGC VUC AAG GAG CUG GGG CCA UAC UCC AGC AAG ACA CGG GGC 
Glu Cys Ile Glu Ser Sly Thr Leu Phe Arg Asp Pro Gin Phe Pro Ala Gly Pro Thr Ala Leu Gly Phe Lye Glu Leu Gly Pre Tyr Ser Ser Lya Thr arg Gly 
éa 80 70 


240 260 280 200 
OVOGA: UGG ssn ah a Pe eT Ae DIC UET CM SBA OCi T UG GGU GAC UGC UGG CUG 
Val Glu Trp Lys Arg Pro Ser Glu Leu Val Asp Asp Pro Gin Phe Ile Val Gly Gly Ala Thr Arg T 
rp bys ae er Glu Leu Val Asp Asp Pro Gin i e Va y Gly Ala Thr Arg Tay dap, iie Cug Sig Giy Ale Ley gly Asp Cys spi 
uuc 
Phe 


380 400 
AC COU GG GUG CEE CAC GEG CAG AGE WYC CAG GAG GAC UAC GEU GEE AUC WHE CAC 
Val Pro Bis Gly Gln Ser Phe Gin Glu Aep Tyr Ala Gly Ile Phe Hie 
i Me 


CAG 
Gin 


i S40 
AUC UGG CAG UUU GGU GAA UGG GUG GUG GAC GAC CUG CUG CCC ACC AAG GAC GGG GAG CUC CUG UUU GUG CAU UCA GCA GAG UGC ACA A GAG UUC UGG 
Tle Trp Gln Phe Gly Glu Trp Val dap Val Val Asp Aap Leu Leu Pro Thr Lys Aep Gly Glu Leu Leu Pho Val His Ser Ala Glu Cys Thr Glu Phe Trp 

180 166 170 180 


$60 580 800 620 540 
AGU GCU CUG CUG GAG AAG GCU UAC GCC AAG CUG AAC GGC UGC UAC GAG UCG CUC UCA GGG GGC AGC ACC ACU GAG GGC UUU- GAG GAU UUC ACC GGC GGC GUA GCG 
Ser Ala Leu Leu Glu Lys Ala Tyr Ala bye Leu Aan Gly Cys Tyr Glu Ser Leu Ser Gly Gly Ser Thr Thr Glu Gly Phe Glu Aap Phe j 


190 206 210 
80 700 720 740 
GAG AUG UAU GAC CUC AAG CGG GCA CCG CGC AAC AUG GGC CAC AUC AUC CGC AAG GCA CUG GAG AGG GGG UCC CUG CUG GGE UGC UCC AUC GAC AUC ACA AGU GCC 
Glu Met Tyr Asp Leu Lys Arg Ala Pro Arg Aen Met Gly Hia Ile Ile Arg Lya Ala Leu Glu Arg Gly Ser Leu Leu Gly Cye Ser Ile Aep Ile Thr Ser Ala 
bag 230 aa aba 
760 780 800 820 B40 


E 


IRU GAU AUG BAN GCA. GUG ACE W AAG CUG GUG AAA GGC CAU GCC UAU UCU GUC ACC GCC UUC AAA GAU GUG AAC UAC CGG GGU CAG CAG GAA CAG CUC AUC 
e Aap Met Glu Ala Val e Lya Lya Leu Val Lys Gly His Ala Tyr Sar Val Thr Ala Phe Lya Aap Val Asn Tyr Abg Gly Gln Gin Glu Gin Leu Ile 
dip Meg Shy Aig lily Lis Les Vab Lis Sly The èy Oty Gin 


900 920, 940 960 
AGC GAU GGU UCU UCC GAG UGG GAC AAC AUU GAC CCC AGC GAC AGA GAA GAG CUG CAA CUG 


860 
CGU AUC AGA AAC CCC UGG GGU CAG GUG GAG UGG 
Gly Ala Trp Ser Asp Gly Ser Ser Glu Trp dep Asn Ile Aap Pro Ser Aup Arg Glu Glu Leu Gln Leu 


UGG 
Avg Ile Arg Aen Pro Trp Gly Gln Val Glu Trp 


230 300 aio 320 
. 980 1000 1020 1060 

AAG AUG GAG GAU GGA GAG UUU UGG AUG UCU UUC CGG GAC UUC AUG AGG GAG UUC UC UCC ABE CUG GAG AUC UGC AAC CUN ACC. CCC GAY GCC CUC ACE MA GAU GAG 
Lys Met Glu Asp Gly Glu Phe Trp Met Ser Phe Arg dap Phe Met Arg Glu Phe Ser Arg Len Glu Ile Cya Asn Leu Thr Pro Aep Ala Leu Thr Lya Aap Glu 

3o 340 350 

1080 1100 1120 1240 1160 

CUC AGC AGG UGG CAC ACA CAG GUG UUC GAG GGC ACA UGG CGC CGA GGG AGC ACU GCU GGG GGE UGC AGG AAC AAC CCA GCC ACA UUC UGG AUC AAU CCC CAG UUU 
Leu Ser Arg Sop iis hp Gig Yah Php Gly Gly Th Trp Arg Ang Gly Ser Thr Ala Gly Gly Cye Arg Asn Aen Pro Ala Thr Phe Trp Ite Aan Pro Gln Phe 
E? Ki 380 590 

1180 1200 1220 1240 1260 
HAG NIC ANG CUG CUG GAA GHG: GAU GAU BAC UEN GGG" GAU GA-GAG OUG OCU VG AEC VUC- MUR BUG ACT TUG: MIG CAE, DAE TAC CNI ME ROG SIA oD 
bys ile bye Ser A Me Gin Lye His A Glu Arg Arg Vai 

day iey Gly Gly Aep dep dap Erg Gly dep dep Giy va} dig cus Sep Bre Ley Kag Alg Ley Mes Gin Ly ra ang ra 
peP 
1280 1300 1320 iw 1340 1360 1380 
GGG GGC GAC AUG CAY ACC AUC GGC UNC GCU GUC UAC GAG GUU CCU GAG GAG GCC CAG GGA AGC CAG AAU GUG CAC UUG AAG AAG GAC UUC UUC CUG CGA AAC CAG 
Gly Gly Asp Met His Thr Ile Gly Phe Ala Val Tyr Glu Val Pro Glu Glu Ala Gin Gly Ser Gin Asn Val Hie Leu Lye Lys Aap Phe Phe Leu Arg Asn Gln 
430 440 450 160 
1400 1420 k 1440 1460 1480 

UCG CGG GCA CGC. UCU GAG ACC UUC AUC. AAC UUG AGG GAA GUG AGC AAC CAG AUC CGG CUG CCC CCU GGC GAG UAC AUC GUU GUG CCC UCC ACC UUU GAG CCA CAC 
Ser Arg Ala Avg Ser Glu Thr Phe fle Aan Leu Arg Glu Val Ser Aon Gln Ile Arg Leu Pro Pro Gly Gtu Tyr Ile Val Val Pro Ser Thr Phe Glu Pro His 

470 460 490 

1 540 1560 1580 


1500 520 
AAG GAG GCC GAC UUC AUA CUG GUC VUC ACC GAG AAG 
he Thr Glu Lye 


C66 CAG UCA cue GAG AUC GAC GAU GAS 
Lye Glu Ala. A Wp Ener Tle Lew Arg Val PI ou Elg geg dep Thy dlg Gly Ley dap ly Gly Iig er dig dep Ley Ala dap Gly Giy Gly Ile $A 


1600. 1820 1660, 
GAG GAC GAC AUU U GAG GAU GGU WUC AAG AAC AUG UUC CAG CAG CUG GCA GGG GAG GAC GAC AUG GAA AUC AGC GUC UUC GAG CUC AAG. 
Glu Asp Asp Ile Glu Asp Giy Phe Lys Asn Met Phe Gln Gin Leu Ala Gly Glu Asp Met Glu Ile Ser Val Phe 
590 P sso 


1700 £ 1740 1760 
GCC AGA CAC AAA GAU CUG AAG ACG GAU GGC WUC AGU CUG GAC UCC UGC CGC AAC AUG GUC AAC CUG 
Ala Arg Hie bye ae Leu Lys Thr Aap Gly Phe Ser Leu Asp Ser Cys Arg Aan Met Val Aen Lew 

580 


AUG GAU AAA 
Met Asp Lye A 
s30 


ic 
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4780 1800 
AGU GCC CGC CUG GGG CUG GUG GAG 
Ser Ala Arg beu Gly Leu Val Glu 


Gly 
soù 


1900 
AUG GCU CUA 


WUC CAG AUC CUA UGG: AAC AAG MG AUC CGC ABC 
Trp den L Arg Si t Ala Leu 


384i 
AUC WUC CGC CAG UAU GAC CUG GAU AAA UCA GGC ACC AGC UCA UAC GAG. AUG 
Pha Gln Ile Leu a The r Ser Tyr 


UGG CUG: ACA CGC AUG 
w Trp Leu Thr Ile Phe Arg Gln Tyr Aap Leu Aap Lya Ser ay ae u Met Arg Me: 
aio 20 30 
1940 2000 
GAG UCA GCU GÓU DEE AAG CUG AAU AAC AAG CUG CAU CAG GUG GUG GUU GCC. CGU UAC GCA GAU GCU GAG ACG GGC GUG: GAC UNC GAC AAC UUU GUC 
val 


oe Ser Ala Gly Phe Lya Leu Asn Aan Lya Leu His Gin Val Val Val Ala Arg Tyr Ala Aap Ala Glu Thr Gly agp Phe Aap Asi 
840 650 BRE B70 
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2020 2040. 2060 2080 ' 2100 
GUG SAG CUG GAG ACA AUG UUC AGG UUC UUC CAC AGC AUG GAU CGU GAU GGC ACU GGA ACC GCU GUC AUG AAU CUC GCU GAG UGG CUG CUG CUG ACA AUG UGC G6C 


val Lys Lou Glu The Met Phe Arg Phe Phe Ris Ser Met Asp Arg Aap Gly Thr Gly Thr Ala Yat Met don keu Ala Glu np Leu Len Leu Thr Met Cys Gly 
880 bao a 


COP S21. 
2120 208) 
VAG AAO O CAGGACAČAVGCGC U GRC UAGCACGCUCCAGCAĞEC EASGE CACC UCC AAGUGČČ UCECUUCAGGUCCAUGEACAC AGGAUARUCUCCCUCCUC JUGCUCCAUCCUAUGCUGASCCACCASCCCUGCCUG 
2260 : 2280 2300 2320 2340 2380 
ucageResccueCUCCACUCUCACCEAUGGAGE AUJUUGCAGESGSCAAGGCAGECASGGGCUGECCUUUCUCCULUUCUSGaCUEGECUUGCUUUCCACLCUUCUCCUCCUCUUGUCCEACCCEAGAAGAGAAGGAGS 
PAOD. 2 2420 2440 2460 2480 2500 2520 
GCAAGCAGUACGGGGAGUCUGUAGLUCACHGCACCUAGCUUUGGGGLAGCUGCUUAGAGGCCAGUGCAGGAGCAGACUGGGGGCUAUCCACCC GGL AGGGAGAGGUGGGAGC UGUGGEGGEGAAGAGGAGGAGGAC UUGU 
2540 2560 2580 2600 2620 2640 2660 
UUUGCUUGCUCCAGUGCUGUCUCAUCECCUGUGECAUGUGLUACCUGUCCE AGGGAGCAUCAGC AGAUGCUGCCUCGC HUAGGLAGGGCAGUUGGULC AUGGEGAACC AGGGUGAGAAGUUACACGCUCUUAAUGCCAUU 
2680 2700 2720 2700 2760 2780 2800 
GCCUUGCACUCAUCAGCACUAAACAUGACCARAGCACGGAGCUGCAGCUGGUC AGGACACUGGUGUUC AAUACCUCCUGCUGCAACCUCUUUCUGCGUGGCCUUCAAGCUCUCCCUCACACCCCUUACUCUCUGCCCCCC 
2820 . 2640 2860 2880 2900 2920 2940 
UCUGUCCCACCAUAGGGCCAAAGCCUAUCAUUUAAGCACUCCCCUGCCACGUGCCACUAUAACAC AGCCCAUCGUGCUCCUCUCAUCC UAUGCACGCACAGCAGUACCACUACACCCUUUCCCCAGGGCUGUCCUGGCCU 
2360 2980 3000 3020 3040 2060 3080 
CCCCUCEUGCUGCCACGGUGGAGUUGGOCCAAGGAGCACUGGUGAUGGCUGGGAGGCAUUUCUCCAGUACACAGUUGUCUGUVUUCCUCUUUCCGCCCUCAUUUCACCCUGUUAUGAUCCEUAAAGCCCUCGGGCUCCUU 
3100 3120 3140 3160 3180 3200 3220 
CACUCAGCACAGAVAUGCUCCUGUGCCAAUGUAUUUGCACUUCUCCACACUCCUÇACCCECCUCUGUUCCUGUGGAUGAVGGGGUGGCUCCAGCAUGGCAGUGGGCAAAGGCCCAGECAAGGCAGGCAGGCCCUVAGCCG 
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Fig.3 a, Amino acid sequences of subdomains containing the active-site Cys and His residues in calcium protease. Corresponding sequences 
-of thiol proteases” are aligned for comparison. The one-letter amino acid notation is used. Residues identical to those in calcium protease are 
boxed and circled residues represent favoured amino acid substitutions. Favoured amino acid substitutions are defined as described previously”. 
Numbers above the sequence correspond to the sequences of calcium protease (see Fig. 2b). Gaps (—) are inserted to achieve maximum 
homology. b, Amino acid sequences of four predicted calcium-binding sites. Corresponding sequences of calcium-binding proteins are aligned 
for comparison. Residues corresponding to the calcium-binding loop region are shown, where X, Y, Z, -Y, —X and —Z represent the calcium 
» coordinating positions'?. Numbers shown at the top of the sequences inidcate the residue numbers of calcium protease at position X. Numbers 
shown between amino acid sequences represent those of amino acid residues between calcium-binding loops. Numbers shown in the right-hand 
row indicate residue numbers present up to the C-termini following the calcium-binding loop. Proteins used; calmodulin (human), troponin 
C (rabbit), myosin regulatory light chain (rabbit), parvalbumin (carp), ICBP (bovine intestinal calcium-binding protein} and $100a, b 

{a and B-subunits of bovine brain $100 proteins). 

Methods: b, E-F hand calcium-binding sites were searched for by the method of Tufty and Kretsinger'* in the calcium protease sequence. The 

alignment for the test sequence, that is, the number of residues identical to the test sequence at 16 positions within and around the calcium-binding. ~ 

< Joops'***, was 11 for each of the four sequences. The second class of high-score sequences lie at positions 154, 396 and 545, with scores of 
9, Scores of established calcium-binding sequences vary from 12 (domain IH of carp and rabbit parvalbumin) to 16 (domain I of rabbit 

“troponin C). The scores of potential calcium-binding sequences in rabbit myosin regulatory light chain (II, HI and FV) were 10, 10 and 11, 
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‘Fig. 4 Schematic representation of the structure of calcium protease and comparison with thiol proteases and calcium-binding, proteins. 
“Amino acid sequences around the active-site Cys and His residues shown in Fig. 3a are indicated by shaded boxes. Upward- and downward- 
“projecting lines show the active-site Cys and His residues, Predicted calcium-binding sites composed of 12 amino acid residues are represented 
as solid boxes, and potential sequences for calcium-binding sites are shown as open boxes. A, The attachment sites of carbohydrate’; A, in 
calcium protease indicates the potential attachment site of carbohydrate. Numbers indicate the positions of amino acid residues in calcium 
protease (see Fig. 2). 
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THERE is an almost sensual pleasure to be 
had from collecting small rare objects, such 
as stamps, books or rocks. Some modern 
books on natural history can delight the 
reader in the same way, but it is unusual for 
a textbook to elicit this feeling. The 
Chemical Evolution of the Atmosphere 
and Oceans is an exception. 

Professor Holland’s view of the evo- 
lution of the Earth — where the constancy 
of climate and composition over geological 
time is a straightforward consequence of 
the working of chemical and physical 
forces — differs sharply from mine that 
sees in the constancy a homoeostasis 
maintained for and by the biota. That this 
difference is mutual is noted courteously 
but firmly in his closing pages. In no way 
does this difference of interpretation alter 
my pleasure from reading the book, nor my 
admiration of its authoritative excellence 
— science can benefit from the personal 
dialectical approach and guesses are 
needed to start the iterations that may 
converge towards the unattainable goal of 
truth. The book is enhanced by clear and 
comprehensible graphs and tables, and at 
times reads more like the report of a 
research project than a textbook. 

It begins with four chapters about the 
origins of the Earth and on what is known 
of the Hadean. It is easy to forget that this 
turbulent period occupied nearly one- 
quarter of the Earth’s history, whereas 
human beings have occupied only the past 
thousandth of it. Models of the Hadean are 
thin and rather speculative but here are 
displayed the few solid facts that are 
available. It is a source of wonder that one 
of the most certain of these is the earliest; 
namely, that much of the material of the 
Earth came from a supernova explosion 
4.55 Gyr ago. The evidence from the distri- 
bution of radioactive and stable isotopes, 
the fall-out of that vast initial nuclear 
explosion, is used extensively throughout 
the book. Just as loud and angry voices 
carry further than quiet conversation, 
there is a tendency to concentrate on events 
that are violent and stormy rather than on 
the calmer periods in between; yet it could 
have been during a calm spell at the end of 
the Hadean that life assembled itself. 
Essential for theories of the origin of life is 
information on the structure and com- 
position of the prebiotic atmosphere and 
oceans. It seems that the new orthodoxy is 
still with us and that the atmosphere at the 
end of the Hadean was dominated by CO, 
and neutral to slightly reducing. The 
oceans by contrast were buffered at a low 


redox potential by an abundance of soluble 
electron-rich species of elements such as 
iron and sulphur. 

As the book moves on into the Archean, 
the emergence of life is noted but curiously 
kept at low key as if the author considered 
it to be impolite or improper to discuss bio- 
logical matters too deeply in a book on 
chemical evolution, Perhaps, though, the 
reluctance to become involved with the 
fashionable science of biogeochemistry is 
wise. There have been numerous attempts 
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Atmospheric input — Krakatoa rumbles on, one 
hundred years after the original eruption. 


to put the biota in a box and assign to it 
inputs and outputs, an operation ana- 
logous to that of making a materials and 
energy balance of a living animal. Some- 
thing may be learnt from these exercises but 
they can offer nothing to explain the 
potential of living systems for homoeo- 
stasis nor can they predict the course of 
their evolution. An interdisciplinary 
approach to earth science is more in need of 
contributions from geophysiology than 
from biogeochemistry. 

This beloved data-bank of a book that 
never considers things beyond the limits of 
decent speculation also never ceases to 
present its data in a way that tempts 
speculation far beyond those limits. To 
nowhere does this apply more than the 
chapter on terrestrial environments. The 
environmental factors that determined the 
speciation of uranium at the end of the 
Archean are discussed at length yet there is 





no word about the strange affair of the 
natural nuclear reactors at what is now 
Oklo in Africa. There, 2.35 Gyr ago, 
uranium was sufficiently concentrated and 
purified to exceed the critical mass needed 
for a working nuclear reactor. Did the 
primitive artifice of dumb prokaryotic 
miners equal our proud science and 
technology? And what does the existence 
of that reactor then tell us of the 
atmosphere of those times? 

The personal character of the book is 
strongest in the final chapter that deals with 
the Phanerozoic. The fascinating question 
of why the composition of the sea has 
stayed so constant is made significant by 
the skilful marshalling of the evidence. All 
is included, even the poetic names of those 
extraordinary crystalline rocks of the 
evaporites; such as polyhalite that bears no 
halogens or sylvite that does. From the 
constancy of the composition of sea water 
we move on to the constancy of the abun- 
dance of oxygen in the recent atmosphere. 
I could not help wondering here why the 
evidence of the presence of charcoal and of 
fossilized wood in sediments is not 
mentioned as setting quite sharp limits on 
the possible range of oxygen. If charcoal is 
a fossil indicator of fires, the fires can only 
have occurred when oxygen was within the 
range 15% to 25%. 

The evolution of the Earth as a planet is 
vastly different from that of the other 
terrestrial planets. As Anderson has recent- 
ly observed (Science 223, 347-355; 1984), 
plate tectonics are unique to the Earth and 
made possible only by the presence of 
limestone, which in turn is almost wholly a 
product of the biota. The geological 
community is only now beginning to take 
on the difficult problem of explaining the 
effects of the presence of the biota on the 
evolution of the Earth, and it will be some 
time before the biological presence is 
considered as a driver rather than a 
passenger. There are still formidable 
barriers to interdisciplinary thinking. 

Asa young scientist I was advised to read 
original papers rather than textbooks. 
Times have changed — nowadays too 
many published papers are either otiose or 
just plain wrong. How can those who seek 
information outside their speciality sift the 
good from the bad? This is where a book 
such as this is invaluable to a general 
scientific readership. It is well and clearly 
written, providing an authoritative sum- 
mation of information about the Earth 
from the viewpoint of a geologist and a 
chemist, and also serves as a guide to the 
key original sources. But most of all it con- 
tains a constant supply of robust but finely 
tested facts and decent speculations that 
can be used for building images and 
models. It will be my companion for many 
years tocome. Oo 





James E. Lovelock is an independent scientist 
working at Coombe Mill, St Giles, Launceston, 
Cornwall. 
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THERE are remarkably few books on the 
recent history of computing. Accounts of 
the prehistory, from Babbage to the 
Second World War, abound, as do 
reminiscences of the pioneering wartime 
and immediate post-war projects. A start 
has even been made —- for example by 
“ Nancy Stern in From ENIAC to UNIVAC 
— on a genuinely historical analysis of 
these projects. But there is still precious 
little on events since 1950, and virtually 
nothing in accessible book form. 

The Computer Comes of Age, a 
translation of René Moreau’s 1981 book 
Ainsi Naquit l'Informatique (French birth 
corresponding, apparently, to English 
adulthood!), is the first significant 
exception to this rule. The work is a 
chronicle rather than a history and the style 
of presentation, though an improvement 
on the French edition, does not make for 
- easy reading. The report-like format, with 
“short headed sections, many only a 
paragraph long, makes few concessions to 
narrative continuity. Indeed, as one 
advances through the book and the 
“technological developments, all of which 
‘are explained for the benefit of the non- 
specialist, get more complex, one becomes 
¿increasingly aware of a similarity with 
computer training manuals. The focus is 
“almost wholly on the technology, with 
nothing on the social or economic aspects 
Cof computer development, and because the 
work is based largely on ‘‘common 
knowledge’’ rather than historical research 
it is far from being authoritative. Finally, 
< even Moreau closes his account with the 
`- arrival of the IBM series 360 computers in 
1963, a recent event by normal historical 
‘Standards, but a very distant one if one 
considers how much has happened since 
that time. 

In short, then, this is not really a book 
for casual reading, for those interested 
more in the computer age than in the 
computers (and computing languages) 
themselves, or for those seeking a definitive 
«history. Nonetheless, within its very 
` reasonable limits it is a valuable work. 
The. strength of the book lies in its 
comprehensive coverage of the myriad of 
“technical developments leading up to what 
cawas, in-effect, the modern main-frame 
“computer. From ferrite-core memories to 
front-end processors and from non-local 
concurrency to the characteristics of 
COBOL, pretty well every important 











development of the pei 
in’ hardware, software, ‘peripherals or 
operating methods. Almost all the most 
interesting computers of the period are 
described, albeit briefly, with mention of 
their particular innovations and the 
degrees to which they incorporated 
emergent technologies. The often-neg- 
lected problems of operation and 
communication, and the development of 
programming languages, are also brought 
in. 

It is, however, a pity that the laudable 
effort to make the subject accessible could 











effort to make it attractive; as it stands, th 
book is unlikely to appeal greatly to the 
computer-non-literate population for 
whom it was apparently intended. But the: 
fact is that no one has yet done arty better, 
or even anywhere near as well in tackling. 
the subject. Until they do, René Moreau’s 
book well deserves whatever success it may. 
find. Q 


John Hendry is the ESRC Fellow in Business: 
History at the London Business School, and is 
currently preparing a history of the British 
computer industry. 
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GecrGe Malacinski and Susan Bryant 
have brought together an excellent collec- 
tion of essays on pattern formation. No 
volume could be comprehensive and de- 
finitive in such a diverse and rapidly- 
moving field, but this one comes close. Not 
only is the range of organisms treated very 
extensive, from the ciliate protozoa and 
Voivox to higher plants and animals 
(though nothing on mammals!); but the 
conceptual scope is also broad, including 
work informed largely by classical 
embryological concepts, sophisticated 
analytical treatments by the model- 
builders, and detailed analyses of the 
cellular, genetic and molecular 
mechanisms involved in pattern forma- 
tion. Few subjects can boast such an ap- 
posite pluralism, for the whole organism 
together with all its parts continue to exist 
as real structures in developmental bio- 
logy. Dominant themes nevertheless come 
and go. Pattern Formation celebrates a 
period of research whose intellectual liveli- 
ness, balance between empirical discovery 
and conceptual interpretation, and sheer 
énjoyability owe much to the personality of 
one individual, Lewis Wolpert. It is a 
further tribute that this volume has within 
it not only material that derives directly 
from his work, but indications of what 
type of analytical framework may super- 
sede it. 

The book starts with summaries of dis- 
cussions between Malacinski and some of 
the contributors, the first of whom states 
that Wolpert’s theory of positional infor- 
mation is nota falsifiable theory, but a con- 
cept, a framework for the interpretation of 
phenomena. In his article with Stein, how- 
ever, Wolpert says that “the concept of 
positional information was explicitly for- 


mulated by Driesch’’, arising from his ob-: 


servation that sea urchin blastomeres are 








totipotent, their actual fates therefore de- 
pending upon their spatial relations to 
other cells in the embryo. This was a test- 
able theory, and my understanding is that 
Wolpert takes the same view of his particu- 
lar formulation of Driesch’s proposition. 
Certainly, several contributors treat it as 
such and test it critically against empirical 
evidence. It is worth noting in passing that 
in converting Driesch’s concept of rela- 
tional spatial order into the notion of a 
coordinate system within the organism, 
Wolpert constructed a conceptual frame- 
work, via the notion of free and uncon- 
strained interpretation of ‘‘positional val- 
ues’’ by species-specific genetic program- 
mes, which opened the door wide to the 
Darwinian principle that any organismic 
form is possible, natural selection then 
making its choice from the continuum. 
Driesch vehemently opposed this view, 
planting his banner firmly with the rational 
morphologists and ‘‘laws of form’’. 
Accounts of the search for generative 
rules or laws operating during development 


| occupy a significant part of this volume, as 


Susan Bryant observes in her introductory 
comments. This reflects an important 
transition in the evolution of positional 
information models from their early, 
virtually unconstrained form to ones 
embodying abstract generative rules such 
as those of the polar coordinate model (well: 
represented in articles by Held and Bryant 
on Drosophila, and by French, Holder and 
Javois on insect, amphibian and chick 
limbs respectively). Perhaps the most sig- 
nificant consequence of this model is its 
demonstration that simple rules with 
empirical consequences can be formulated 
without reference to molecules, or even 
cells, capturing principles of spatial 
organization that extend across an impres- 
sive range of taxa. The ingenious appli- 
cation by Frankel of these principles to the 
explanation of supernumerary oral appar- 
atuses with reversed symmetry in Tetra- 
hAymena reminds us that pattern formation 
is not, in fact, dependent upon cellular 
interactions. Thus we seem to catch a 
glimpse of universal principles, the general 
spatial properties of which are developed 
with characteristic incision by Winfree. 
The richness of morphogenesis, analy- 
tically explored in “simple” forms such as. 
Volvox (Sumper), Dictyostelium 

















ander; Anderson and Niisslein- 
higher plants (Sachs, 
McDaniel), sharks (Reif), amphibians 
-(Malacinski, Slack, Cooke, Stocum and 
Fallon) and chicks (Dhouailly), force an 
‘elaboration of concepts beyond either the 
original positional information theory or 
the polar coordinate model. Here we finda 
profusion of developmental mechanisms, 
some classical and some modern, all very 
clearly elaborated. Both Kauffman and 
Meinhardt achieve some success in 
accounting for certain aspects of these 
phenomena by the discovery of new pro- 
perties of old models, and by adding dyna- 
‘mical features with switching logic and re- 
cursive properties to generate structures 
‘Suchas segments and compartments, 
and models of distal transformation in 
insects. 
<- But for me the high point of the volume, 
-whence one catches a glimpse of a way of 
(putting together all that has come before 
but within a somewhat different scheme, 
“arose from a certain reading of the chapters 
by Karlsson, Poethig and Nuccitelli — the 
first on Drosophila, the second on angio- 
sperm leaf morphogenesis and the third on 
electrical fields in morphogenesis (plant 
and animal, unicellular and multicellular). 
The first two authors interpret pattern for- 
mation in terms of fields of mechanical 
force (mediated by the cytoskeleton) that 
both guide and are guided by patterns of 
¿cell division and differentiation in Droso- 
phila imaginal discs and in leaf meristems; 
‘while the Nuccitelli paper on ionic currents 
“indicates the dynamic boundary conditions 
for affecting the state of the cytoskeleton 
and cell metabolism. 

Neither Karlsson nor Poethig sees evi- 
dence in their material for either a logical 
gene-regulated decision process resulting in 
spatial patterns, or for gradients or 
‘‘coordinate-systems’’ that spatially 
control such decisions. Since Sydney 
Brenner, somewhat impishly, has recently 
said about the explanation of pattern 
formation by molecular mechanisms of 
gene control: “I doubt whether anyone 
believes that anymore’’, we can now feel 
free.to.seek alternatives. One possibility is 
to.understand morphogenesis as a unitary 
process in which global mechanical fields 
(of strain, or strain-rate, for example), act- 
ing through and on both the cytoskeleton 
and. cell membranes, result in ion fluxes 
and associated: elastic and plastic 
deformations of tissue that themselves 
‘generate further stresses, ion flows and 
other biochemical changes (including, of 
course, gene activities), with reciprocal in- 
“teractions. After an extended exploration 

of the information and programming met- 
aphors, the subject may be returning to the 
themes of Entwicklungsmechanik, which 
uld have pleased Driesch. g 
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Trains of thought 
John C. Marshall 


Vehicles: Experiments in Synthetic 
Psychology. 

By Valentino Braitenberg. 

MIT Press: 1984. Pp. 152. 

$14.95, £15.60. 











WILLIAM Thomson, Lord Kelvin, is 
reputed to have remarked: “If you tan 
make a mechanical model of it you under- 
stand it, and if you can’t you don’t” 
Kelvin was, of course, talking about the 
role of models in physics (and thinking 
about the success of his tidal wave pre- 
dictor), but he could equally well have had 
psychological models in mind. 

There is a tradition in theoretical psycho- 
logy, extending back some two millennia, 
whereby the explanation of behaviour is 
explicitly equated with the construction of 
“toys” that exhibit the behaviour in ques- 
tion. Some of the outstanding contributors 
to this enterprise include Heron of Alex- 
andria, who built a complex automaton 
wherein, on the lifting of a golden apple, a 
miniature Hercules shot a snake that then 
hissed; Albertus Magnus, whose magnum 
opus, a life-sized automatic servant, was 
destroyed, so legend goes, by Thomas 
Aquinas who suspected it to be the Devil’s 
work; Jacques de Vaucanson, the con- 
structor of an eating, drinking and quack- 
ing artificial duck, and of a flute-player 
that out-performed many human virtuosi; 
and the Jaquet-Droz (père et fils), whose 
dolls could write and draw with amazing 
facility. Like Magnus, the elder Droz and 
his models suffered a fate more extreme 
than failure to obtain tenure. Following a 
public exhibition of the writing-boy, 
Hermann von Helmholtz reminds us that 

‘... this boy and its maker, being suspected 

of the black art, lay for a time in the 
Spanish Inquisition, and with difficulty 
obtained their freedom’’ 

Closer to our own time, Grey Walter and 
Claude Shannon devised, respectively, tor- 
toises and mice that ran mazes in electronic 
instantiation of the laws of classical learn- 
ing-theory. To this distinguished line of 
artificial intelligentsia we must now add 
Valentino Braitenberg, a director of the 
Max Planck Institute of Biological Cyber- 
netics at Tübingen. 

Professor Braitenberg’s Vehicles is 
precisely that; a series of 14 little vehicles, 
with surprisingly life-like properties. The 
sequence begins with a simple bug where 
one sensor is connected to one motor such 
that ‘‘the more there is of the quality to 
which the sensor is. tuned, the faster the 
motor goes’’ and ends with creatures of 
more Rococo wiring that appear to demon- 
strate foresight, egotism and optimism. 
Each successive creature embodies the 
critical structures of all previous models 
and adds one further feature; the vehicles 
thereby illustrate a single line of evolu- 


tionary ascent and painlessly introduc 
















unsuspecting reader to the basic concepts. 
of self-regulating machines. Throughout,” 
Professor Braitenberg writes in a. dry 
tongue-in-cheek fashion, poking sly fun at 
any philosopher (or Reith lecturer) whose. 
hand is too unsteady to wield Occam’ 
razor. He is thus a worthy successor to 
Julien Offray de la Mettrie, who in hi 
L’Homme Machine of 1748, argued that 
.. since all the faculties of the soul depend to 
such a degree on the proper organization. of the 
brain and-of the whole body, that apparently 
they are but this organization itself, the soul is 
clearly an enlightened machine. 
For both la Mettrie and Braitenberg, it 
Chinese rooms all the way down. 

In the main text, Professor Braitenber 
humour serves to illuminate his serious: 
moral, ‘the law of uphill analysis and 
downhill invention’’, that is: 













































































It is pleasurable and easy to create little 
machines that do certain tricks. It is also quite: 
easy to observe the full repertoire of behavior of: 
these machines — even if it goes beyond what we 
had originally planned, as it often does. But itis 
much more difficult to start from the outside 
and to try to guess internal structure just from 
the observation of behavior. 


Worse, 
it is actually impossible in theory to determ ie 
exactly what the hidden mechanism is without. 
opening the box, since there are always many. 
different mechanisms with identical behavi 
Accordingly, Professor Braitenberg 
provides an extensive appendix of 
biological notes on his vehicles. Here he 
sketches the analogies between his creas 
tures and those of the given, natural world, 
leading one lightly into the complexities of 
current neuroanatomy and neurophysio- 
logy. The transition between the stark for- 
malism of the hardware vehicles and the 
cell-synapse-circuit wetware that they 
mimic is mediated by a portfolio of phan- 
tasmagoric drawings by Maciek Albrecht... 

For both amusement and enlighten- 
ment, Vehicles can be unhesitatingly re- 
commended to anyone (student or teacher) 
involved in courses on ‘‘Brain and Behavi- 
our’’. The volume would also make ama 
vellous Christmas present for any intelli 
gent teenager interested in either com- 
puting or animal-watching, or better, 
both. Ea 





John C. Marshall is in the Neuropsychology ‘ 
Unit, part of the Neuroscience Group at the 
Radcliffe Infirmary, Oxford. 


New in paperback 
@ The Structure of Time by W. H. Newton- 
Smith. Publisher is Routledge & Kegan Paul, 
price is £7.95, $14.95. 
@ Curious Naturalists by Niko Tinbergen, a 
reprint of the revised (1974) edition of the book. 
Publisher is The University of Massachusetts 
Press, price is $9.95. 
è Plant Biotechnology, edited by S. H. Mantell. 
and H. Smith, Vol. 18 inthe seminar series of the © 
Society for Experimental Biology. Publish a 
Cambridge University Press, price is £12.53 
$19.95, 
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< Beam Weapons: The Next Arms Race. 
:By Jeff Hecht. 
< Plenum: 1984. Pp.363. $17.95, £17.10. 








IN FEW areas of science and politics has 
public interest grown as rapidly as in that of 
directed energy weapons, especially as 
applied to space defence and anti-satellite 
attack. Key to this surge of awareness is 
President Reagan’s speech of 23 March 
1983, in which he called for a research pro- 
gramme to ‘‘render nuclear weapons 
“impotent and obsolete” by the ability to 
“intercept and destroy strategic ballistic 
missiles before they reached our own soil or 
that of our allies’’. Jeff Hecht’s book was 
at the publisher’s in draft form on that 
date, but the President’s ‘‘Strategic 
Defense Initiative’? (SDI) (or “Star 
Wars’’) speech figures prominently in the 
updated text. 

With a degree in electronic engineering 
from California Institute of Technology, 
and seven years as managing editor of 
Laser Focus, Hecht is well placed to inter- 
‘pret for a popular audience the develop- 
ment and potential of beam weapons — 
that is, laser beams of infrared, visible or 
X-radiation; charged or neutral particle 
beams of protons, electrons or hydrogen 
‘atoms; and beams of microwave radiation. 
He makes a valiant attempt to report myth 
as myth and fact as fact. Unfortunately the 
jobs of popularizer and decision-maker 
like are seriously impeded by an unusual 
lack of substantive unclassified material 
from the United States Government on 
beam weapons, and by the confusion 
between, on the one hand, the President’s 
-eall for a total defence as a result of a long- 
term research programme and, on the 
other, the warmed-over silo defence which 
is being offered at least as a mid-term goal 
of the SDI. 

Hecht does a good job of distinguishing 
between weapons and systems, noting the 
--@asy integration of target acquisition, 
aiming, fire and damage assessment in the 
“eye, brain and arm of the human archer or 
“marksman, as contrasted with a system in 
which these functions are dispersed over 
“many satellites and centres of control and 

responsibility. He also covers well the tech- 
“nological side of the subject, describing the 
early high-power gas dynamic lasers, 
chemical lasers such as those which 
produce light from the reaction of hydro- 
+ gen and fluorine, and excimer lasers now 
powered by electron beams. He emphasizes 
properly the degree to which plumbing and 
ducting is required for bringing the reacting 
gases to a chemical laser, but perhaps does 
mot recognize adequately the degree to 
which similar considerations are important 
in venting gas from excimer lasers, because 
of the inevitable retention of some 90% of 
the pumping energy in the gas. 








A further attractive feature 
is Mr Hecht’s tone of good-humored 
scepticism, as in his observation that: 
Pentagon officials have said that the Soviet 
effort [in laser weapons] is three to five times 
larger than the US program, an estimate that 
seems to hold constant even when the American 
budget is being sharply increased. 

The treatment of the impact of space 
defence on national security is rather less 
solid. Hecht does not help to clarify 
matters by beginning with the ‘‘strategy of 
mutal assured destruction (MADY’ which, 
rather than being a strategy, is a fact of life. 
It is strategy to deter the opponent by threat 
of retaliation, but that one is able to do so 
and that one is deterred in return is a result 
of a technological fact — the destructive- 
ness of nuclear weapons against societies — 
and not so much a matter of choice. 

Strategic options flow from technologi- 
cal capability, and only to a certain extent 
can technology be created in the service of 
strategy. For instance, the technology 
suitable for defence against strategic 
ballistic missiles is for the most part even 
more suitable in the destruction of those 
same defences. Hence the ambivalence 
(almost to the point of schizophrenia) of 
those favouring space defence over the 
problem of where to base the defending 
weapons. As Hecht notes, Edward Teller 
explicity recognizes that ‘it would be 
foolish to base a defensive system in space 

. because satellites are costly to put up 
and cheap to shoot down’’. A weapon that 
could destroy a booster in a few seconds 
might readily be destroyed by comparable 
weapons launched with the booster or 
already in space, and yet to keep weapons 
on the ground until the attack is in progress 
presents insuperable difficulties for in- 
tercept during boost phase. Mr Hecht dis- 
misses such ‘‘pop-up defence” as unlikely 
even for mid-course intercept, but pro- 
ponents of boost-phase defence and X-ray 
lasers argue valiantly that even a 180-s 
boost of an MX missile would be vul- 
nerable to submarine-launched pop-up 
defence. Since the writing of this book, 
analysts have looked at countermeasures to 
some of the beam weapons, for instance 
fast-burn boosters to eliminate the threat 
of X-ray lasers or neutral-particle-beam 
weapons for boost-phase defence. 

The issues surrounding beam weapons 
are at best murky and clear-thinking is not 
aided by statements of officials such as Dr 
George A. Keyworth, President Reagan’s 
Science Adviser, who judges that: 


. we can approach the debate about strategic 
defense as either optimists or pessimists and still 
come to the same conclusion: We must proceed. 
The optimistic view would have the United 
States be the first to develop effective defensive 
capabilities, giving us a persuasive negotiating 
posture for arms reductions . . . the pessimistic 
view sees the Soviets as the first to develop a 
real defensive capability . . . . [Aerospace 
America, April 1984]. 


Whatever the persuasive power of this 
argument, it has no foundation in logic: 








is focused on penetration aids for de- 
feating defences? No one doubts. that 
starting from a conclusion one can find 
(some) arguments to support Keyworth’s 
view, but in a democracy, and particularly. 
when the questions involve not only 
hundreds of billions of dollars but the sür- 
vival of nations, we need all the strength: 
that open discussion and decision-making 
can provide. Beam Weapons will help to 
that end, together with the more extensive 
and technical Space-Based Missile Defense 
of March 1984 by the Union of Concerned. 
Scientists, and especially the Background 
Paper by Ashton Carter, published in April 
1984 by the Office of Technology 
Assessment, 

In the book, Hecht displays a degree of 

constructive optimism and cites two 
possibly beneficial outcomes from beam 
weapons. One is ‘‘some sort of inter- 
national peace-keeping organization to 
operate defensive satellites’. The other is 
the hope that beam weapons ‘‘would tip 
the strategic balance of power to the 
defense’, in providing missile defence, and 
“if the great powers can cope with the 
challenge of a transition to a strategic 
defense, the result could be a stabler 
world”. I, however, would agree with the: 
position taken by the French government 
in its presentation earlier this year (12 June) 
to the Committee on Disarmament in 
Geneva: 
A situation in which each of the two principal 
powers sought to render its territory totally 
invulnerable, that is to say to escape any 
retaliation, without, however, being certain of 
being able to achieve this invulnerability, is 
fraught with danger: 

On the one hand, the announcement itself of 
the intention to proceed with the creation of 
such systems constitutes itself an incitement to 
the acceleration of the offensive arms race: each 
power seeks to overcome (by saturation) the 
BMD [ballistic missile defence] systems 
envisaged by the other party, and in addition to: 
increase greatly the number of non-ballistic 
carriers of nuclear weapons — notably cruise 
missiles. 

Mr Hecht himself notes that the most: 
credible role for a pop-up X-ray laser ‘‘is as 
part of a first-strike system, which would 

be put in place before the attack to defend 

against any enemy missiles which survived 

a massive first strike’’. 

Beam Weapons is marred by misprints 
and by an irritating amount of repetition. 
Some references are quoted inaccurately, 
and the simple calculations provided would 
have been even more helpful had the 
arithmetical errors been corrected. But 
taken as a whole the book isa fair, readable 
attempt to make some sense out of the con- 
fusing claims and counterclaims about the 
feasibility and utility of directed energy in 
warfare. n 
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Spectroscopy of novel systems 


From R.C. Thompson 


Atomic spectroscopy is alive and well thanks to the continuing development of novel experimental 
techniques and their application to new areas of interest. 


‘THOSE people who think that the subject 
of atomic spectroscopy was wrapped up 
several decades ago would have seen 
“puch evidence to the contrary at the 
-recent EGAS conference held at Imperial 
College’. Completely new areas of 
spectroscopy are still arising, bringing 
with them new and interesting physics. 
For example, the study of Rydberg atoms 
(atoms where one electron is excited into a 
state of high principal quantum number) 
has blossomed recently, and an up-to-date 
review of this field was given by C. Fabre 
(Ecole Normale Supérieure, Paris). 
‘Because many atomic properties scale as 
‘large powers of the effective principal 
quantum number n*, Rydberg atoms can 
have large diameters (up to a fraction of a 
micrometre — large enough to be 
measured using a fine sieve), very long 
lifetimes and large polarizabilities. These 
facts make possible very unusual 
experiments — the detection of single 
microwave photons using Rydberg atoms 
as sensitive detectors; the modification of 
“the spontaneous decay rate of atoms by 
‘putting them into a high-Q resonant 
_ microwave cavity; and even the poss- 
ibility of constructing a single-atom laser 
(the usual many-body nature of laser 
action is made possible by the interaction 
of the atom with its images in the walls of 
the cavity). In experiments where a 
thermionic diode is used to detect ions 
formed by collisional ionization of laser 
excited Rydberg atoms, transitions to 
states with n up to 200 have been studied. 
A relatively new area of spectroscopy 
was reviewed by G, Soff (Gesellschaft fiir 
Schwerionen, Darmstadt). Super-heavy 
quasi atoms are created for very short 
periods (107s) in collisions between 
heavy projectile and target nuclei at 
energies of a few MeV per nucleon. As an 
example, at a total nuclear charge Z = 164 
(formed in. a Pb- + Pb collision), the 
nucleus. created has a radius of 10 fm, 
while the ‘radius of the Is electron wave- 
function is 20 fm, Some unusual physical 
effects occur under. such extreme 
conditions, such as the spontaneous 
emission of positrons during the 
collisions. This becomes: energetically 
favourable at a combined charge Z >173, 
when the Is state enters the lower 
continuum of the Dirac Hamiltonian, that 
is, the binding energy becomes greater 
othan the energy required for creation of an 
o electron-positron pair. Measurements of 





fe “he Sixteenth: European Group for Atomic Spectroscopy 
Conference was held at Imperial College, London on 10-12 
July tog 











this and other effects in progress at GSI 
enable tests to be made of quantum 
electrodynamics in novel situations. 

Another new development is the first 
observation of photon correlations in a 
true second-order two-photon decay (H.J. 
Duncan, University of Stirling). In this 
experiment, metastable hydrogen atoms 
(in the 2S state) in an atomic beam decay 
emitting two photons in random direc- 
tions. Events are recorded where one 
photon enters each of two detectors 
placed 180° apart. Measurements of both 
the linear and circular polarization 
correlations between the two photons 
enable a test to be made of the celebrated 
Bell’s inequality, which distinguishes the 
predictions of quantum mechanics from 
those of local realistic theories. As in other 
complementary experiments performed 
recently, these results favour quantum 
mechanics, but the controversy about 
whether or not quantum mechanics pro- 
vides a complete picture still rages. 

One of the highlights of the conference 
was the screening of a film showing the 
results of a series of calculations of the 
behaviour of an atom being irradiated by 
laser light (B.W. Shore, Imperial College 
London and Lawrence Livermore Nati- 
onal Laboratory). The idealized two-level 
atom is a familiar concept, but here a 


slightly less idealized ten-level atom is 
treated, the results being displayed in the 
film as a two-dimensional plot of the den- 
sity matrix of the atom as a function of 


dye laser spectrometer ideally suited to high- 
resolution absorption spectroscopy. The heart 
of the system is the Coherent 699-21 actively 
stabilized single-mode ring dye laser. Control is 
provided by an Apple II microcomputer, which 
can also be used for up to three channels of data 
acquisition. Circle no. 100 for further details. 





i Fa 
The Coherent 699-29 Autoscan, a self contained 





time. The phenomena illustrated include 
the periodic complete population inversiot 
obtained with resonant coherent excitation 
and the gradual buildup of population in: 
specific excited level when the laser. fre 
quency corresponds to.a multiphoton re 
sonance. The film gave a valuable insigh 
into the physical processes described by 
sets of equations treated usually only inan. 
abstract mathematical manner. 

Experiments using laser excitation were. 
prominent at the conference and one strik- 
ingexample of the way the use of laser tech- 
niques is still growing is the application of: 
coherent radiation (at wavelengths below 
100 nm) generated by four-wave mixing in. 
Kr gas to the study of VUV transitions in 
Xe, including the measurement of absolute 
wavelengths to 2 parts in 10° (TJ. 
Mclirath, University of Maryland an 
National Bureau of Standards 
Washington). 

Most laser experiments, however, are 
performed in more conventional wav 
length ranges. The availability of reliabl 
single-mode tunable dye lasers covering th 
whole of the visible spectrum has m 
that high resolution and power a 
easily achieved in this: region. Numero 
Doppler-free laser techniques have bee 
developed for the recording of spectr: 
lines under many different source 
conditions; the laser has thus become. an 
invaluable aid to the study of the structure 
of atoms and molecules. 

A recent trend is for much atomic spec-. 
troscopy to be performed at large central- 
ized facilities such as accelerators (used for 
example for the production of beams of 
atoms in various states of ionization) and | 
nuclear reactors (for the creation of rare 
isotopes). This places more stringent: 
requirements on the reliability of | 
experimental apparatus, so that there has 


| been a move in general towards computer © 


controlled equipment and automated data’ 
acquisition, The use of computers also.in 
the analysis of data has meant that more. 
complex atomic systems can be 
investigated and this complements the 
theoretician’s growing ability to perform: 
calculations on such systems. é 
The EGAS conference demonstrated the 
broad range of the subject, with sessions - 
covering topics as diverse as term analysis, < 
isotope shifts, electron spectroscopy and: 
collisional broadening. 
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© The CPS-240 six-cell positioner from 
Shimadzu enables the Shimadzu UV-240 
spectrophotometer to display absorbance 
n a bar graph format, plus data as dif- 
ference in absorbance multiplied by a 
factor for all or part number of the six cells. 
- Also available is the capability to look at 
different wavelengths at each of the six cells 
and change the absorbance range for each. 
- Temperature canbe controlled over the 
range 16°-60°C, and a manual deter- 
mination of which cell is being looked at is 
possible at any time. 
Circle No.101 on Reader Service Card. 
@ A new economical system from Pye 
Unicam allows absorbance calibration for 
spectrophotometers in the ultraviolet and 
visible ranges. The set of four neutral- 
density filters provides a comprehensive 
check of absorbance linearity up to 2A. Pye 
Unicam’s original set of nine filters, 
calibrated up to 3A, is still available for 
“users needing a fully comprehensive check 
of absorbance linearity across the whole 
intensity range. 
«¿Circle No.102 on Reader Service Card. 
¿© The computerized D.B. scanning 
spectrophotometer UVIDEC-610/650 
From Jasco International now incorporates 
software modifications to simplify routine 
nalysis and enhance data presentation. A 
“battery-backed memory stores data for at 
“least two years, enabling users to save pre- 
elected parameter combinations for each 
of the six main methods already 
programmed into the computer. In 
addition, up to five sets of para- 
“mMeter/command instructions can be 
‘stored, so that routine or repetitive analysis 
may be performed at the touch of a key. 
‘The cathode-ray tube display includes a 
screen edit’ function whereby users’ com- 
“ments are entered through the keyboard, 
stored in memory, and printed out as an 
integral part of the final report along with 
pectra and all other relevant data. Newly 
‘available computer accessories include 
double disk drive for data/spectra storage, 
nd a full QUERTY keyboad for pre- 
-paration of specific application pro- 
grammes in BASIC or FORTRAN. 
“ircle No. 103 on Reader Service Card. 
®. Newly introduced onto the US market, 
he low-cost infrared data station from 
Heyden Data Systems of North London — 
Spectrafile IR — is based on the Apple 
ecomputer. Spectrafile IR consists of 
hree main modules: data acquisition and 
instrument control, data analysis and 
pectral search. The system provides 
Operators with full control over an IR 
“spectophotometer with individual inter- 
facing included in the system price. 
»Cirele No. 104 on Reader Service Card. 














The Bio-Rad photometer for reading micro- 
titration plates. 

@ The Bio-Rad Model 2550 EIA reader isa 
photometer that automatically reads, with 
blanking and hard copy printout, a 96-well 
microtitration plate in less than 60 seconds. 
A digital absorbance-range display and 
plate-position indicator, as well as an 
operator error indicator and an absorbance 
overflow indicator, guide the user. Four 
high quality, narrow bandwidth inter- 
ference filters, 405, 414, 450 and 492 nm, 
are supplied as standard equipment. 
Optional filters permit wavelength mea- 
surement at 380 to 700 nm. The reader has 
two measuring modes. The absorbance 
mode provides direct hard-copy printout 
of the absorbance values to three decimal 
places and matrix mode makes it possible 
to preselect an absorbance range, and 
automatically divide it into ten equal 
segments. The microprocessor assigns a 
value of 0~9 for each segment, and assay 
absorbance readings are catalogued into 
the appropriate range segment. All values 
are printed out in an 8x12 matrix that 
corresponds exactly to the layout of the 
96-well microtitration plate. 
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Spectroscopy and spectrometry 
-Automation and computer-links are the main themes among the latest in 
_Spectrophotometers and spectrometers 


@ The new range of Fourier transform” 
spectrometers from Bomem, Inc. extends 
the operating wavelength range from the 
ultraviolet to the far infrared. A standard 
spectrometer with suitable detectors can 
produce spectra from 50,000 em~ to dem"), - 
In addition to a UV to far-IR capability, 
the new spectrometers feature a fully - 
evacuuable spectrometer to eliminate 
water vapour; a five port sample compart- 
ment selectable from the control computer, 
and an automatic optical alignment system 
that ensures the system is always at peak 
efficiency. Bomem systems are available 
with a choice of resolutions, up to a 
maximum of 0.002 cm7!. 

Circle No. 106 on Reader Service Card. 

® By using a new software package, the 
Varian DS-15 computer can be linked to an 
AA-1275 or AA-1475 spectrophotometer 
for complete atomic absorption data 
management. The DS-15 is a powerful 
desk-top computer with 12-inch CRT, 128 
Kbytes RAM and two disk drives providing 
720 Kbytes of storage. The single-beam 
AA-1275 and double-beam AA-1475 
atomic absorption spectrophotometers are 
brought together by the new Varian soft- 
ware in a package specifically tailored to 
meet the needs of the busy analytical 
laboratory. No programming experience 
or typing ability is required. The operator is 
guided through a series of simple selections. 
using menus and soft keys. Results are col- 
lected automatically when flame or furnace 
autosamplers are used but samples may 
also be presented manually. Flexible report 
generation allows reports to be tailored to 
individual needs. The operator may choose 
the amount of data to be printed and the 
format of the report. Data from flame, fur- 
nace and hydride analyses may be com- 
bined in a single report. 
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Varian’s AA-1475 spectrophotometer linked to the DS-15 data station. 
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The 1700 Series Fourier transform infrared spectrometer from Perkin-Elmer. 


@ The new Nicolet 20DXB and 20SXB 
FT-IR spectrometers are based on field- 


@ Based on a single high-performance 
interfermeter, Perkin-Elmer’s 1700 Series 


of Fourier transform infrared spectro- 
meters is a new range of compact, mid- 
infrared instrumentation. The instruments 
in the 1700 Series differ in their data 
handling capabilities. The spectrometer 
itself uses an improved Michelson inter- 
ferometer designed to compensate intern- 
ally for any effects of dynamic misalign- 
ment, providing an extremely stable system 
resistant to vibration and disturbances 
during a scan. Interferometer alignment is 
very simply carried out by a closed-loop 
servo system and is initiated from the 





proven Nicolet FT-IR technology. The 20B 
Series performs with a maximum resolu- 
tion of 0.5 cm~!. Resolution is continu- 
ously selectable from 0.5cm™' to 64cm -1 The 
spectrometer can scan at rates as fast as 4 
per second, making it suitable for monitor- 
ing dynamic processes such as capillary 
GC-IR, catalysis, and polymer curing. An 
external collimated beam is standard for 
20SXB GC-IR interface and remote detec- 
tor experiments. A computer-controlled 
flip mirror allows fast, easy, precisely pre- 
aligned switching between the two sample 
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path geometries. Designed for the chroma- 
tographer, the new 20SXB GC-IR software 
provides simplified, automated operation, 

from real-time data collection and display HP4 1CV (Alphanumeric sci. computer) £164.95 
to identification of components. IG Printer (a2 143A 2.00 
Circle No. 110 on Reader Service Card. HP41CX & HP71 Printer (82162A) £295.00 


control console. The standard spectro- 
meter has a frequency range of 4,400 cm~! 
to 400 cm~’ and a choice of resolution down 
to 2.0cm~!. Resolution can be increased to 
1.0 cm”! by the addition of an optional 
memory board. 

Circle No. 108 on Reader Service Card. 

@ The new GN Series NMR spectrometers 


—— Ee 


COMPUTER/CALCULATORS/PLOTTERS 


HP 11C (21C Mem Sci slimline) £63.00 
HP 15C [Adv Scic’ mem) 67 storage reg. £84.00 


HP 16C (Hex Converter) £94.00 
HP 71 (New Computer) £410.00 
HP4 1CX (New version of CV) with ext 

£210.00 


Complete range of HP accessories in stock 
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functions. timer) 


from General Electric incorporate a 293D 
pulse programmer along with the GN series 
data system and NMR software which 
enables the user to program a wide variety 
of pulse sequences. This feature, together 
with the ability of the instrument to vary 
phase shifts from 0 to 360°, makes it pos- 
sible to perform most types of multi-pulse, 
multiple-quantum NMR experiment. In 
addition, the programmable pulse modula- 
tion and phase shift capabilities of the GN 
Series also make it possible to perform all 
the 2-D NMR experiments currently in use. 
The GN Series system incorporates an 
easy-to-use multiple-level, menu-driven 
software package which includes auto- 
matic shimming, locking, gain, spectral 
phasing and integration programs. 
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These notes are based on information provided 
by the manufacturers. For further details circle 
the appropriate numbers on the Reader Service 
Card bound inside the journal. 
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For industrial and teaching laboratories, the 
Pye-Unicam PU8600 spectrophotometer. 

@ Powerful microprocessor features and 
a high-performance optical system are 
combined in Pye Unicam’s new generation 
of compact UV/vis spectrophotometers. 
The PU8600 Series of microprocessor/ 
keypad operated instruments comprises 
two main versions — the PU8600, suited to 
the majority of industrial and teaching 
applications, and the PU8610, optimized 
for the special requirements of life 
scientists. The PU8600 Series is modelled 
on the popular SP6 Series, which remains 
in production for users requiring a simpler 
machine. 
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A new automatic 60-sample changer for Bruker 
AM Series NMR spectrometers. 


® A new generation “AM Series” (Auto- 
matic/Manual) of high-speed, micro- 
processor controlled NMR spectrometers 
from Bruker Instruments, Ine., of Billerica 
Massachusetts, extends automated NMR 
spectrometer control for a broad range of 
routine operations. The automation facili- 
ties include ‘‘Mega-Speed”’ data traffic via 
fibre optics, a superfast array processor, a 
new pulse-programmer, incremental phase 
shifting, anew CP/MAS accessory, and an 
ultra-low loss Dewar system for liquid 
helium refill intervals of up to one year. 
There is keyboard control of all 
parameters, and an automatic changer 
with 60-sample carousel plotter. 

Circle No. 112 on Reader Service Card. 

© Developed from the successful PW 1400 | 
series, the PW 1404 sequential X-ray spec- 
trometer from Philips Analytical features 
multilayer ‘crystals’ giving enhanced sensi- 
tivity to light elements — down to C and B. 
The choice of side-window X-ray tubes has | 
also been extended to include a new dual- 
anode tube that allows the use of a single | 
X-ray source without compromises over a 
wide range of applications. A compact, 
high-efficiency generator is built into the 
spectrometer and other features include an 
auxiliary high resolution collimator and 
programmable channel masks that reduce | 
background. 

Circle No. 113 on Reader Service Card. 

@ Spectrafile-UV is an ultra-violet 
spectrophotometer data station which 
collects, plots and manipulates UV data. 
Features include full instrumental set-up 
and control. Spectrafile-UV allows data to 
be collected and displayed and stored on 
disk. Data can be manipulated with the 
functions: add, subtract, multiply, inte- 
grate, differentiate, normalize, smooth 
and others. Customized routines for 
kinetic studies are also available and 
Spectrafile-UV, from Heyden Datasystems, 
interfaces to any UV/VIS spectrometer. | 
Circle No. 114 on Reader Service Card. 














spectrometers rom Maitson asirian: 
Inc. They offer resolution capabilities of 
0.125 wavenumbers and 0.5 wavenumbers 
respectively over the mid-infrared spectral 
tange with optional range extensions to 
25,000 wavenumbers and 10 wave- 
numbers. Notable features of both spectro- 
meters are high-throughput 2-inch dia- 
meter optics, a Michelson interferometer 
based on cube-corner retroreflectors for 
high dynamic stability (no air bearings), 
and a large accessible sampler chamber. 

Circle No.115 on Reader Service Card. 

® The STARLAB data system available 
from Glen Creston of Stanmore, Middle- 
sex, is a UNIX-based software system with 
multi-user/multi-tasking capability and 
32-bit arithmetic. Data storage capacities 
from 10Mb to 340Mb are provided by Win- 
chester disks, and back-up storage for data 





| and software by 8-inch floppy disks is 


standard. Spectrometer operation and 
data manipulations are commanded 
through a standard graphics terminal. 
Circle No.116 on Reader Service Card. 

® The Corning Gilford Response range 
of UV/VIS spectrophotometers has now 
been expanded to encompass three sepa- 
rate models. All feature an autoranging 
photometer, transverse sample compart- 
ment, high resolution graphics, data stor- 
age facilities and a 16-bit resident com- 
puter. The basic Response is supplied com- 
plete with a single cell holder and programs . 
for wavelengths scanning, kinetics, time” 
scanning, multi-wavelength analysis, stan- 
dard curves and sample read. The second 
unit has an automatic six-position cell hol- 
der as standard and has the capability of 
adding gell scanning, rapid sampling and a 
six-position thermoset cuvette holder for 
electronic control of sample temperature. 
The most advanced Response has two disk 
drives for data storage and recall, with 
extended software and applications. 

Circle No. 117 on Reader Service Card. 

@ The Dynatech MR600 automatic miero- 
plate reader automates both new and estab- 
lished techniques requiring accurate 
optical determinations of end-points. 
Covering the visible and UV range and 
utilizing the popular 96-well format micro- 
titre plate, MR600 offers miniaturization 
and ease of handling in numbers. When” 
linked to a microcomputer the MR600 be- 
comes a powerful spectrophotometer. 
Circle No. 118 on Reader Service Card. 
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Carbide plant. 


BHOPAL in Mahdya Pradesh in central India is a long way from 
Danbury, Connecticut, where Union Carbide has its head- 
quarters. In neat New England, everybody knows that it is 
“difficult to win permission to build any kind of chemical plant 
within sight of human habitation and that, thereafter, zoning 
_ laws will ensure that the surroundings are not promptly occupied 
by people. From a vantage point in New England, it is not easy 
‘always to remember that, in India, people will instead gravitate 
“towards shanty structures as close as possible to the gates of 
whatever factories there may be. How else to get to work? 

So there is a sense in which the worst disaster so far caused by 
the chemical industry, at least since the destruction of the port of 
Halifax, Nova Scotia, in 1917, springs from the circumstance that 
the plant had been built in India. Two other Indian features of the 
tragedy stand out. First, the people working at the Bhopal plant 
seem to have been slow to appreciate the scale of the danger. 

. Second, the anguish vividly carried round the world by the tele- 

iyision cameras seems not to have matured into the anger, even 

hysteria, there would have been had the accident occurred on the 

edge of a European city — or in Connecticut. But to write off this 

© stocism as a manifestation of Indian fatalism, or familiarity with 
death, would be greatly to demean the responsibility with which 
both the community of Bhopal and the authorities of the state and 
of the centre in New Delhi have behaved. That this should have 
been possible in the thick of an election campaign is doubly 
remarkable, 

None of this guarantees that the affair will pass off without 
trouble for Union Carbide, or for the operators of other chemical 
plants in India and elsewhere in the developing world. The 
contingency lawyers will see to that. But as yet, everybody recog- 

“ nizes, it is too soon to apportion blame. That is what the inquiry 
now under way is for. Whatever the findings, however, one 

-source of confusion stands out. Although the plant at Bhopal 

“seems to be a carbon copy of one operated in West Virginia, 

Union Carbide owns only a narrow majority of the Indian 

operating company, with the remainder in the hands of Indian 

“interests according to the formula by which India seeks to blunt 
the impact of overseas investment. So Union Carbide may be 
expected to shoulder only 51 per cent of whatever blame is found 
to lie at the door of the plant’s owners and operators. Legal 
caution would therefore suggest that the company should await 
the outcome of the inquiry before deciding what to do, and that it 
should then await the oufcome of whatever procedural niceties 
are required to determine its responsibilities, if any. 


Urgency 
: The implied delay, perhaps for several years, would be a crying 
shame. The need for relief, and for arrangements to be set in hand 
to care for the victims of this tragedy, is urgent. Now is when the 
anxiety of those injured but not killed will be greatest, and when 
rs of an uncertain future will most prey on people’s minds. 
Wut prejudice, as the lawyers are forever saying, which in this 
ase means thatthe US parent company may be strictly blameless, 
nion bide should make a quick start on the provision of the 
en he medical services that will be needed for 


















Helping outin Bhopal <=... 


-Tt would be easy to draw the wrong conclusions from last week’s harrowing events at Bhopal’s Un 
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decades ahead to care for the people exposed to methyl isocyanate 
ten days ago. If the company considers the task beyond its 
resources (which is possible) it should cajole other Western 
corporations similarly at risk in India to share the burden. Itisno 
too much to ask that the governments concerned should also help. 
The objective at this stage should simply be to put in place the 
facilities that Indian medicine will need to monitor the health’ 
those who have been exposed, and to provide what treatme: 
possible. In this instance to act swiftly is more important tha: 
act prudently. J ; 
But would not such an initiative imply an admission that blame 
applies? No, is the simple answer. The lawyers’ caveat is full o 
meaning. And when was a proper sense of compassion evel 
blameworthy? But if India proudly insists that it wants not com- 
passion (with all its neo-colonialist connotations), but 
justice, this is nevertheless an occasion when compassion shot 
be offered. Catastrophes on the scale of Bhopal are too great, : | 
their implications too ramified, to be handled alone even b 
wealthiest societies. And this is unlikely to be the last accident 
occur with the dreadful character of what has happened 
Bhopal. ai 
Other superficial interpretations of what has happened also cry 
out for denial. Outside India, there has already been a wave. o 
soothsaying to the effect that what happened at Bhopal shows. 
that the “export” of advanced technology to developing 
countries is in some sense inappropriate. That is the true neg- 
colonialism. And as an opinion, it is clearly false. For one thing, 
India is far from being technologically innocent. Moreover, the 
indigenous chemical industry is as strong as any other Indian tech 
nology. But there is also a home-grown nuclear industry (whose. 
plants have been managed successfully if, perhaps, less well tha 
they might have been) not to mention a thriving indigenous space. 
enterprise with its own satellites that will, in due course, also b 
launched indigenously. There is no sense in which a sophisticated. 
plant for manufacturing pesticides is inherently out of place in 
India. 5 


Interdependence 
What is wrong with Indian technology is not the amount of ito 
even the state of development but that it is too thinly spread. For 
at least the past three decades, India has followed a policy of 
development on a broad front, on the grounds that only 
attempting everything (and, in practice, doing a little of eve 
thing) would it be possible to shake off the colonial yoke. ‘Fhe: 
result is that India does everything less well than superbly, and at 
least a little late. A better strategy would be to do some things:so 
well that their products could be sold on the export markets, 
earning the foreign exchange with which to buy the products 6 
the technologies left temporarily on one side. This is how other. 
economic systems, most of those in Western Europe included, set 
out to match their capabilities against the complexity of modern 
technology. They have discovered that economic inter- 
dependence does not mean thralldom. Why should India be all 
that different? But the consequence, at Bhopal, would either ha 
been that the methyl isocyanate plant would have been butone 















































larger and stronger indigenous industry or that it would not have 
een there at all, but perhaps in Connecticut. 

<The doctrine of self-reliance (as distinct from self-sufficiency) 
was always due to be an election issue. Now, after Bhopal, Mr 
Rajiv Gandhi will find himself also under pressure from the 
ditionalists who argue that India’s error is to have aimed at 
mething more ambitious than being a village economy. He can 
be relied upon to resist that claim, on the sure grounds that there is 
‘no other way than technology to meet the aspirations of the 
illagers. For has not the new agricultural technology, he can say, 
made them well-fed for the first time in history? 

_ But on past form, Mr Gandhi will not turn his back on self- 
-teliance. The two weeks remaining of the election campaign is not 
i the time for changing tack, but afterwards there is the strongest 
ase for looking again at this policy, seeking some way of 
concentrating resources on a field in which India could make a 

tronger mark. 


Inappropriate 

other common false lesson drawn from what happened last 
veek is that modern technology may as such be inappropriate, not 
nerely in India but everywhere. People say “Look at Three Mile 
sland’’, intending to imply that the two accidents are similar and 
hat the technologies that made them possible should ideally be 
voided. In reality, nothing could or need be further from the 
ruth, Plants for making pesticides of various kinds have operated 
fely and successfully during the past half-century; only some of 
them are risky, as these things go. (One of the ironies of the 
‘Bhopal accident is that the pesticide being manufactured, Sevin, 
asubstitute for DDT introduced in an attempt to avoid the risks 
f that organochlorine compound; the process for manufacturing 
the new pesticide has already done more damage than DDT.) But 
is a good question whether large quantities of a dangerous 
‘chemical, particularly if it is an intermediate, should ever be 
stored as they were in India. Carrying these chemicals about the 
ountry (as is done in the United States) is also a needless risk. 
hat needs to be learned from last week’s accident in technically 
dvanced societies is that the handling of novel chemical 


rocesses needs constant reassessment. g 


Research charade 


he UK research community should respond 
orecfully to the latest disappointments. 


E feckless mishandling of the British research enterprise by the 
ritish government has now been invested with an element of 
ce. So much is plain from last week’s events, beginning with the 
overnment’s attempts to limit the political damage done by Sir 
eith Joseph’s plan to make higher education more expensive for 
e student offspring of the well-to-do (see Nature 6 December, 
83). Part of the plan to contain the damage was the accelerated 
ublication of the document describing how £14 million of the 
ids. thus. ‘‘saved’’ would be used to make the British research 
ouncils less constrained. The chairman of the Advisory Board 
or the Research Councils (ABRC) dutifully stood up in public 
nd said how valuable the extra money would be. But by the 
following day, Sir Keith Joseph had been forced by the House of 
‘Commons to go back on his proposals (see page 582) and by the 
reasury to claw back £4 million of what he had been offering a 
w days earlier. The University Grants Committee, less quick off 
e mark, similarly had £6 million snatched back from the £10 
illion it had been offered for universities in crying need of new 
juipment, but without the added humiliation of having 
dvertised:its gratitude in public. 

“What this pantomine has done is to make a monkey of those 
‘ho administer the British government’s support of civil science, 
and of government policy on research in general. The common 
complaint by the research councils in recent years that they have 
not known where they stand from one year to the next has now 
been overtaken by the simple truth that they may not know from 
<- day to day. The simplest reason why all this is a nonsense is that if 








the government was right, at the beginning of last week, to have 
taken the view that the need for extra funds for science had 
become so urgent as to justify the political risks of increasing 
higher educations costs, it cannot have become, by the end of the 
week, proper for it to say that it would let the needs of research. 
go hang. 

Even those who believe the British government is right to insist 
that public expenditure should be tightly controlled will think it © 
humbug that the government pretends that nowhere in its budget 
of £125,000 million is to be found £10 million that might be spared 
for the support of research. Indeed, the sum concerned is smaller 
than the errors that arise in estimating the various components of 
British public expenditure. 

Ministers at other spending departments than the Department 
of Education and Science will now be quick to say that Joseph’s 
muddle is his own affair, that he should have fought harder, some 
months ago, when next year’s budget was being hammered out 
and that he should not now expect them to save him from the 
trouble he has brought down on himself. What, in all this, has 
happened to the doctrine of collective cabinet responsibility by 
which British governments set such store, especially when they 
need to make some recalcitrant minister toe the party line? 

Several things should happen now, at least one of which should 
be a ritual resignation. Ordinarily, it would have been Sir Keith 
Joseph who would have packed his bags, but he and his 
government appear to have agreed that that may not be necessary. 
The members of ABRC and the heads of the research councils are 
differently placed. Most of them are, in any case, people with 
other and even better things to do, and cannot much profit from 
having been made to look like fools. To walk out at this stage 
would not bring the administration of science to a halt. To stay 
will be to let the government continue to behave as if the noise 
there has been about the condition of the British research 
enterprise is a ramp conceived by self-interested people eager to 
take for themselves and their cronies a larger share of the public 
pie, mostly for making their ivory towers more comfortable. 
Resignations after events such as those at last week can have no 
immediate effect. Their value is that they would show that people 
mean what they have been saying about the sombre condition of 
the research enterprise in Britain. 


Initiative 

For the rest, the British research community should resolve to 
seize the initiative for the management of its own affairs that will 
be there to seize in the period of embarrassment that is bound to 
follow. It will also be politically impossible to go back on the 
Prime Minister‘s promise five years ago that the science budget 
will be protected, which appears to mean that it will be indexed 
against inflation and then made to accommodate a variety of 
needs that were not apparent at the beginning. The best strategy 
now is that already being followed by two of the research councils 
(for science and the natural environment), which have embarked 
on redefinitions of their budgets so as to enhance their flexibility. ` 
The Agricultural and Food Research Council has already moved 
along that road. The need now is that this process should be ` 
radical, based on the assumption that the government, the 
research councils’ paymaster, which is plainly indifferent to their 
present plight, will be equally indifferent to the ways in which they 
organize their affairs. 

ABRC has a special role to play. It is the only committee on 
which the University Grants Committee and the research councils 
are both represented. It is also a means by which the British 
academic community as a whole could be consulted. To salvage 
the self-respect damaged by last week’s events, ABRC should 
begin to throw its weight about more vigorously, even raising in 
public some of the questions about British research which are 
ordinarily considered taboo. Does it, for example, make sense 
that the British government should administer civil science by the 
account-book simply because that expenditure is identifiable and 
thus easily controlled, while allowing the vast apparatus of.. 
defence research and development to go its own way because it 
happens to be part of an even larger enterprise? Eye 

















New Delhi 
THE leak of toxic gas from the Union 
Carbide pesticide plant in the central 
Indian town of Bhopal on 3 December has 
left at least 2,500 people dead and killed 
hundreds of cattle. The death toll is likely 
~ to increase, with thousands still in hospital 
. three days after the disaster, which affected 
200,000 people living within a 7-km radius 
of the plant. The cause of the leak is being 
< investigated by chemicals experts with the 
help of a team flown in by the US multi- 
national company. Meanwhile, the state 
government of Madhya Pradesh. has 
< -arrested six workers, including the plant 
_ manager, ordered indefinite closure of the 
“plant and started a judicial inquiry. The 
Central Bureau of Investigations is looking 
into the possibility of sabotage. It seems 
likely that Union Carbide India Limited 


Ways of death 


Washington 
RELATIVELY little is known of the 
| toxicological effects of methyl isocyanate, 
© which is produced by reacting methylamine 
< and phosgene and reacted with a-naphthol 
to. produce the pesticide Sevin. Its strong 
primary irritant properties probably 
accounted for the majority of deaths: con- 
_ version to cyanide is not thought to occur at 
<A significant rate in vivo, The US Occupa- 
tional Safety and Health Administration 
“limits exposure of workers to 0.02 parts per 
million over an §-hour period. Tests on rats 
and on human volunteers indicate that the 
chemical’s most immediate effects are 
upon the respiratory tract and the cornea; 
in rats, the cause of death was a massive 
: build-up of fluid in the lungs. In humans, 
< exposure to 2 parts per million caused nose 
and throat irritation, 21 parts per million a 
_ suffocating effect and severe irritation of 
“the respiratory tract and eyes. 

The cause of death after acute exposure 
would probably be either bronchospasm or 
what amounts to drowning in released 
body fluids. Failing this, death could result 
from the secondary effects of loss of blood 
oxygen and acidosis, or from congestive 
heart failure. According to Dr Trent Lewis 
of the National Institute of Occupational 
Safety and Health, survivors will probably 
suffer increased incidence of pulmonary 
fibrosis, emphysema and chronic 
bronchitis. The respiratory tract may 
become hyperreactive to a variety of 
< irritants, and changes in lung architecture 
y increase susceptibility to infectious 
- pneumonia. Necrotic lesions of the cornea 
= may lead to Permien blindness or 
‘Tim PEE 




















Pesticide plant leak 
wreaks disaster in India 


(UCIL), the wholly-owned US subsidiary, 
will be faced with large claims for damages. 

The killer gas was methyl isocyanate 
(MIC), used in the plant at Bhopal as an 
intermediary in the manufacture of some 
pesticides, including Sevin, which is widely 
used. According to a UCIL spokesman, the 
leak occurred in one of three underground 
tanks storing MIC, which is liquid up to 
38°C and extremely volatile. He said the 
vent caustic soda scrubbers provided for 
neutralizing accidental releases failed to 
cope with an excessive pressure build-up. 
The tank held 45 tons at the time of the 
leak. Itis not known how much gas escaped 
from the plant which, flouting existing 
safety guidelines, is just | km from the rail- 
way station and 5 km from the centre of 


- town. UCIL said that the leak was plugged 


45 minutes after it was discovered, but by 
that time much of the town of Bhopal had 
been virtually turned into a gas chamber, 
and was a vivid demonstration of what 
chemical warfare would be like. 

The UCIL plant, commissioned in 1977, 
employs 800 workers. Ironically, the 
Indian government only last year extended 








the plant’s licence for seven years after a_ 
promise from UCIL that it would secure 
from its parent US company the tech- 
nology to handle ‘‘emergency situations 
like toxic gas release, sometimes acco’ 
panied with fire, endangering the safety'o 
the community’’. There had been. tw 
earlier minor incidents in the Bhopal pla 
one in 1981 when a leak from at phosgen 
storage tank killed several workers; in th 
latest incident, oddly enough, only on 
worker was injured. 
In the nightmarish aftermath of Bhopal 
the Indian incident is bound to become ¿ 
factor in the forthcoming general elec 
The opposition is critical of India’s polic 
of importing hazardous technology. and 
pesticide licensing. The recent collabor 
ation with Monsanto Corporation of the 
United States for manufacture of 
herbicide butochlor, which is banned in the 
United States, is under attack. But pesti 
cides made using indigenous technology in 
India are produced under lower safety con: 
ditions than those that existed at Bhopal 
according to a spokesman for the Ministry 
of Chemicals. Six companies in India hav 
been licensed to make MIC and ‘several 
small pesticide manufacturers are. tra 
porting phosgene in bottles. Following th 
Bhopal tragedy, safety has been tightenec 
at the state-owned Indian Petrochemicals 
Limited in Baroda which produces hydro: 
cyanic acid, which is far more deadly than 
MIC. K.S. Jayaram 


































UK government review 


More bad news for science 


BRITISH government expenditure in basic 
science is due to fall by three per cent (at 
constant prices} over the next two years, 
according to the second Annual Review of 
Government-Funded Research and Devel- 
opment (HMSO, £7.50) published on 
Tuesday. Prepared by the department of 
the Chief Scientific Adviser at the Cabinet 
Office, Dr Robin Nicholson, this is a 
second and more accurate shot at deter- 
mining the trends and distribution of 
government science spending. 

The figures were prepared too late to 
include the recent goings-on at the Depart- 
ment of Education and Science (see p.582), 
but they do add some grist to the argument 
that science in Britain is threatened. 
Compared with 1983-84 expenditure, and 
in real terms, the Cabinet Office expected 
the Economic and Social Research Council 
budget to have have fallen to 84 per cent of 
its original value by 1986-87; Agricultural 
and Food to 91 per cent; Medical to 94 per 
cent; Natural Environment to 98 per cent; 
and Science and Engineering to have risen 
to a princely 101 per cent. 

In civil applied research (‘expenditure 
to improve technology’’) things look only 
slightly better. The total government ex- 
penditure in this. area will be £807 million in 
1986-87, the Cabinet Office estimates, 


some 9 per cent greater in real terms than in 





. spending; but here it prepares the ground, 

























1983-84, But this represents a decrease 
from the current year (1984-85), which 
rides at 15 per cent above last year. The 
biggest projected declines to 1986~ 
compared with the present year come in the 
Department of Energy (down 7 per cent), 
the Department of Environment (down 9 
per cent) and significantly (as it spends half 
the government budget in this area):t 
Department of Trade and Industry (down 8 
per cent). : 

Defence research and development, 
however, will be maintained at constant 
prices to 1986-87, although even: these 
large sums (at £7,077 million in 1984-8 
some 50.3 per cent of all governme: 
funded research and development) are 
falling as a fraction of defence procul 
ment. 

The Cabinet Office also takes a specia 
sectoral look in its report at British 
spending on marine science, in an attempt 
to identify ‘‘gaps and overlaps’’ in: 


unfortunately, for more cuts. “There 

seems cause for considering” write the: 
authors ‘‘whether the present provision of 
facilities [15 towing tanks, 7 cavitation 
tunnels, etc.] is excessive for a shipbuilding 
industry which declined 30 per cent 
between 1975 and 1981”, Decline, itseems, 
begets decline. Wa 












K science 








AMucH-needed present for British science 
(generally regarded as being on its uppers) 
was divided and praised last Tuesday 
morning — but taken away, at least par- 
‘tially, in the afternoon. The moral of this 
¿strange story is that Britain’s mechanism 
for allocating budgets between ministries is 
in need of drastic overhaul. 

At noon on Tuesday, Sir David Phillips, 
the chairman of the Advisory Board for the 
Research Councils (ABRC), which each 
year allocates monies to its member coun- 
cils, was praising the ‘‘courageous’’ action 
of Secretary of State for Education and 
ience Sir Keith Joseph in raising new 
money for science in 1985-86 and sub- 
sequent years. (He had promised an effec- 
tive £16 million annually for the research 
councils. by a reallocation of resources 
within his own cash-limited ministry, mak- 
ig well-off British parents pay a little more 
for their children’s university education 
and giving this as a bonus to science.) 

:: But by 3 p.m. the same day, Sir Keith was 
aving to bow before a storm of protest in 
the House of Commons from what some- 
times seems to be the only effective British 
political opposition, given the large Tory 
majority — the Tory back-benches. 















































Sir Keith Joseph’s retraction of his pro- 
posal to make better-off parents contribute 
to their childrens’ tuition fees means that 
individual parents will be up to £520 a year 
better off at an expense to the government 
of £21 million in England and Wales. To 
find the £11 million that the Treasury will 
not provide, Sir Keith has reduced by £3 
million the proposed increase to the science 
budget, by £6 million the proposed £10 
million increase in the universities’ 
equipment grant and by £2 million the 
increased grants in the Professional and 
Industrial Commercial Updating 
Programme (PICKUP), adult education 
and the microelectronics programme. 
= An inquiry into the whole subject of 
students grants is to be set up by Sir Keith to 
avoid. the same kind of embarrassing mis- 
calculations as occurred last Wednesday. 
No date for the review has been set, nor is 
‘there any guarantee that it will be an 
dependent inquiry, but it will include the 
ontroversial suggestion that loans be 
made to students for their tuition and living 
expenses. The National Union of Students 
(NUS) strongly opposes this idea, believing 
that it discriminates against students from 
rer backgrounds and those studying for 
a degree that does not relate directly to a 
business or profession. The organization 
does, however, welcome the suggestion of 
areview; at present 46 per cent of students 
do not receive the full extent of the deemed 
parental contribution, and now that the 













Now you See it, now you don’t 


Back-benchers had reacted with horror 
at what was really a fairly moderate in- 
crease in parental contributions to student 
grants among better-off families (see 
below). Sir Keith hung on to his principles 
(there will be a commission on student 
funding), reduced the new burden on 
parents, and was partly bailed out by the 
Treasury. The result was some £3 million 
less than expected for ABRC next year (and 
£6 million less for the ‘‘equipment grant” 
of the University Grants Committee). It 
was a ‘‘very disappointing’’ result 
according to a spokesman for one of 
ABRC’s member councils, the Medical 
Research Council (MRC). 

Science will, however, still get more than 
was promised before Sir Keith’s grants saga 
began. The way the Department of Educa- 
tion and Science now explains the figures is 
this. Sir Keith’s plan had been to eliminate 
the minimum student grant of £205 a year, 
to increase the parental maintenance con- 
tributions for family incomes above 
£11,500 and to impose tuition fees for 
incomes above £20,000. This would have 
released £60 million in a full year but only 
£39 million next (not a full year as the 
financial and academic years do not 





Students granted a reprieve 


minimum award of £205 a year has been 
abolished, many students will receive 
nothing unless their parents support their 
decision to gain a degree. 

The Committee of Vice Chancellors and 
Principals (CVCP) hopes to be included in 
any review of the grant process. Tired of 
the government ignoring detailed annual 
reports on how much students need to live 
on, CVCP intends to set up its own inquiry 
to advise the government in any case. As 
the last review on the subject was in 1962, 
the need for a new inquiry is pressing. NUS 
would like to see the whole concept of 
parental contributions abolished; under 
the present system, a student is not con- 
sidered independent until the age of 25. 

Just how the cuts in the science budget 
increases will be implemented is not yet 
clear. The Department of Education and 
Science is leaving the details to the boards 
concerned. This must be of small comfort 
to the University Grants Committee which 
meets tomorrow; originally it was to dis- 
cuss how to distribute the extra £10 million 
awarded to it for equipment by Sir Keith, 
but now its task is to divide up the much 
smaller cake of £4 million extra. Instead of 
being able to grant equipment money to 
three ‘‘broad areas’’ of science, it will now 
have to decide on one such area. There is a 
general condemnation of “robbing Peter 
to pay Paul’’, where either the students or 
the research programme in Britain. will be 
the loser. Maxine Clarke 








ridors of power. 






match). Sir Keith has now been forced to 
cancel the imposition of tuition fees. This- 
loses his department £21 million next 
financial year. The Treasury has offered ` 
£10 million, leaving £11 million to find 
within the department. 

The effect on the research councils is a. 
£3 million loss compared with expectations 
at noon on Tuesday. In the financial year 
1985-86, ABRC was to have received £571 
million (an increase on last year based on 
price indexation) plus a bonus from Sir 
Keith’s grants plan of effectively £14 
million (plus £2 million from a salaries ad- 
justment). This bonus will be reduced to 
£11 million (plus the £2 million). An 
intended £10 million bonus on the UGC 
equipment grant is similarly lopped by £6 
million, and £2 million is lost elsewhere. 

The cut (and the bonus) may seem small, 
but on the original plans ABRC was to 
spend £2.75 million of the bonus on ‘‘re- 
structuring’’ (effectively, pensions and re- 
dundancy). So the bonus amount for 
science is really falling from £13.25 million 
to £10.25 million, a large enough fraction 
that the horse trading over how to divide up 
the money among the research councils 
must begin again. 

Discussions on this are taking place this 
week, when, unfortunately for the Science 
and Engineering Research Council 
(SERC), its chairman, Professor John 
Kingman, out of the country. Last week he 
had been describing his pleasure at the 
“enormously valuable” £8 million SERC 
was to have received. ‘“Without this money 
we would have had to cut the number of the 
best (alpha) grant applications we could 
support to just 60 per cent of the 
applications’’, he said at noon last 
Tuesday, ‘“‘but now we can raise it to 70 per 
cent”. MRC equally was hoping to raise the 
same figure from the ‘‘disaster’’ of 53 per 
cent this year to ‘‘somewhere in the 60s”. 

Sir David Phillips has meanwhile been 
roundly condemning the almost entirely 
separate way in which the different depart- 
mental budgets are arrived at — so that the 
science budget of Department of 
Education and Science, for example, 
cannot benefit from savings, say, in the 
defence development budget (which 
accounts for a quarter of British research 
and development). The Department of 
Trade and Industry’s research budget is 
also not ‘‘tradeable’’ with the ABRC sums. 
An infamous (if possibly apocryphal) case 
being quoted last week was the ‘‘heavy 
armoured vehicle” whose development in 
the Ministry of Defence cost hundreds of 
millions of pounds but whose doors would 
open only when the vehicle was level. The 
errors in the defence research and develop- 
ment budget alone, it was suggested, could 
bail out British basic and strategic research. 
But such balancing — which should take 
place in the Treasury as Britain has no 
overall science minister — never takes 
place. It is time for a change, it is being said 
more and more loudly in the scientific cor- ` 
Robert Walgate 
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AIDS screening 


<: Washington 
THE crash effort by the Public Health 
. Service, announced in April, to develop a 
blood test for AIDS (acquired immune 
deficiency syndrome) has run into diffi- 
culties. A pilot trial carried out by the Food 
and Drug Administration (FDA) within the 
¿vo past month indicates that the test kits being 
w developed by five different contractors 
; show wide variations in their sensitivity and 
selectivity, and may be subject to signifi- 
cant false positive and false negative rates. 
~The test kits all use the ELISA (enzyme- 
linked immunosorbent assay) method for 
detecting the presence in the blood of the 
“antibody to the AIDS virus, HTLV-I. In 
he recent pilot trial, the five companies 
were each supplied with approximately 
3,000 samples from plasma donations and 
13,000 from whole blood donations. 
«According to researchers who have seen 
results from the plasma samples, the five 
companies obtained positive readings on a 
widely varying number of samples, from a 
low of 5 toa high of about 100 out of 3,000. 
If the 3,000 samples were representative of 
the general population, some 20 to 30 
positives would have been expected. 
Any interpretation of these findings, 
= however, is complicated by the fact that the 
«five companies each received a different set 
of 6,000 samples. Each company then ran 
its own confirmatory tests on the positives 
it obtained on the ELISA tests. These con- 
firmatory tests, using the so-called Western 

©: blot technique (an independent and more 
selective test), suggest a false positive rate 
of one out of every ten that were scored 
positive by the ELISA test. 

According to Lowell Harmison of the 
Office of the Assistant Secretary for 
Health, duplicate samples were not initially 

~~ sent to each of the companies because one 
object of the trial was to assess the pre- 
valence of AIDS in the population, a goal 
that required a larger number of inde- 
pendent samples. And he said that controls 
onthe results will be obtained by having all 
positive. samples retested by all five 
companies, aswell as by an FDA labor- 
atory..He added that it is misleading to 
derive a false positive rate from the com- 
- parison of the ELISA tests with the 
Western blot tests because a consensus has 
only this week emerged on the definition of 

a positive on the Western blot. 

John Petricciani, head- of FDA’s divi- 
sion of blood and blood products, which 
was in charge of the pilot trial, acknow- 
ledged that the trial shows that ‘‘some com- 
panies have more work to do than others in 
refining their tests”, but that the primary 

purpose of the trial was to provide ‘an 
early look” at the performance of the test 
— kits. Despite the setbacks, the Public 

Health Service i is. still predicting that the 
il eceive FDA approval and be 

it first ‘Quarter of 1985. 
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False test results raise doubts 


Some 14 million units of blood are 
collected each year in the United States 
from about 3-4 million individual donors. 
A false positive rate of 1 in 10 positives, 
combined with an overall incidence of 1 per 
cent, implies that as many as 4,000 donors 
would be incorrectly identified as having 
AIDS antibody each year. 

Dr Peter Page, director of the American 
Red Cross blood services for the north- 
eastern United States, said he was con- 
cerned that the tests may be rushed to 
market before this false-positive problem is 
corrected. He said that any test goes 
through a development stage, in which 
problems are identified and resolved, but 
that “we're being rushed so much by 
Margaret Heckler [Secretary of Health and 
Human Services] that we don’t have time 





to resolve them” in the case of the AI 
test. Page noted that appeals to members 
of high-risk groups voluntarily to abstain 
from giving blood have already: signi 
cantly improved the safety of the blood 
supply; there is no compelling case to rush 
ahead with blood tests that would “add a 
relatively small increment of safety”, h 
said. E 
Although some improvement may come 
with better calibration of the ELISA tests, 
the test may prove to be essentially proble- 
matic. The test uses virus antigen to detec 
antibody; preparation of pure antige 
complicated by the presence of the cel 
used to grow the virus and the tendency c 
the fragile antigen-bearing coat of the 
to be lost in processing. In addition; som 
carriers of AIDS virus may show no an 
body response whatsoever. Amo 
advanced approach to detection might be 
test that looks for the virus antigen directl 
inthe blood. Stephen Budiansky 















































British AIDS 


Paper prophylaxis backfires 


GOVERNMENT assurances about steps to 
combat the spread of AIDS (acquired 
immune deficiency syndrome) in Britain 
seem to have done as much to worry as to 
reassure people. One part of the British 
government’s plan is the new Blood 
Products Laboratory at Elstree, north of 
London, opened two weeks ago by Mr 
John Patten, Minister of Health, which 
can, among other things, produce factor 
VIII, the blood-clotting factor used in the 
treatment of haemophilia. 

But David Watters of the Haemophilia 
Society is not convinced that Elstree can 
meet the demand. ‘‘What the United King- 
dom needs to do is invest in plasma 
research’’, he said. The total amount of 
plasma donated in England and Wales 
accounts for only 30 per cent of the annual 
requirement. On the same day that Mr 
Patten spoke of Elstree being self- 
sufficient, he announced further plans for 
heat-treated factor VII. A spokesman for 
the Department of Health said ‘‘at least the 
means to become self-sufficient will be 
there”. But, as David Watters points out, 
“it’s no good having all these factories and 
nothing to process through them’’. 

Meanwhile, according to Mr Patten, the 
war against AIDS is being waged on four 
fronts. The Medical Research Council 
(MRC) is supporting research projects at St 
Mary’s Hospital, London, on the immuno- 
logy of AIDS, at the Institute for Cancer 
Research on retroviruses associated with 
AIDS, and at the Middlesex Hospital. The 
MRC working party on AIDS, under the 
chairmanship of Dr David Tyrrell of the 
Common Cold Unit, was set up in the 
summer of 1983 and co-ordinates these 
projects. One of its members, Dr Richard 
Tedder of the department of virology at 
Middlesex Hospital, told a conference 
| organized by the Terence. Higgins Trust a 




















week ago that monogamy is the only way vio 
restrict increasing incidence of the disease. 
There is some evidence that the ho 
sexual community is taking this advice 
heart, according to a survey published | 
the British Medical Journal in October. 

The Communicable Disease Surv 
lance Centre at Colindale in London. cot 
stitutes the government’s second fro: 
collating all the available information o 
the disease and its incidence. 

In the area of public education, even 
move sluggishly. The Department of 
Health is now reprinting a leaflet circulated. 
by the National Blood Transfusion Service 
(NBTS) because an earlier version. dis- 
couraged from giving blood only homo- 
sexual men prepared to describe themselves: 
as promiscuous; the new version- dis- 
courages homosexual and bisexual men 
altogether. People who have taken drugs, 
visited Haiti or had any connections with. 
central Africa (where AIDS may have 
originated) are also excluded. 

Something similar has happened to the 
Health Education Council’s pamphlet, 
Some facts about AIDS, due out in Jan- 
uary 1985. Leaflets are, of course, only as 
effective as their circulation. A reception 
at a NBTS centre was recently asked w 
no such warning to prospective blood 
donors was on display. ‘‘We did have therm 
out”, she said, “but they frightened our 
customers away’’. Dr Harold Gunson of 
NBTS admits to some haphazard: distri- 
bution in the past, but promises ‘efforts. 
will be made to ensure that all donors 
attending the clinic receive a copy’’. 

Many of the problems faced by blood 
banks would be solved if a reliab 
screening test were available. The Depart 
ment of Health claims that such atest has 
been developed by Dr Tedder’s team at 
Middlesex Hospital. 






















































































Polish universities 


larsaw 
WARSAW University’s new rector, Dr 
Grzegorz Bialkowski, a physicist and non- 
Party ‘moderate’, was elected last week 
in place of the “liberal? Dr Klemens 
Szaniawski, whose election, last May, was 
vetoed by the Minister of Science, Higher 
Education and Technology, Dr Benon 
_ Miskiewicz. The elections took place under 
democratic procedures laid down during 
he Solidarity era, procedures which, it is 
feared, will shortly be modified to increase 
inisterial control. 
The liberalization of higher education 
under Solidarity was embodied in a new 
Tigher Education bill which was not in the 
ent: made law until May 1982, five 
mths after the declaration of martial 
iw. By that time a number of amendments 
d:been introduced, strengthening the 
power of the minister to overrule university 
decisions. Last May, Dr Miskiewicz used 
these powers to veto the elections of the 
rectors of four institutions (Warsaw, 
roclaw and Poznan Universities and the 
her School of Fine Arts). When 
Warsaw University tried to resist, the 
minister simply suspended the university’s 
‘lectoral college for six months and ex- 
‘ended the term of the retiring rector, Dr 
Kazimierz Dobrowolski. 
Hopes that such ministerial interven- 
ns would be kept to a minimum were 
ised at the beginning of the current aca- 
lemic year, when it was announced that the 
uspension of the electoral council would 
¢ lifted-and new elections held as soon as 
he'six months had expired. This optimism, 
however, was considerably reduced a few 
weeks later when documents began to cir- 
ulate in Warsaw and other university 
wns setting out what purported to be 
roposed changes to the 1982 Higher 
Education on Act, which would con- 
erbly curtail university autonomy. The 
ileged changes included: reduction of the 
‘lection of rectors to a choice between two 
vandidates nominated by the minister; 
engthening of the powers of the minister 
oO. suspend lecturers and/or collegiate 
odies if he deems that they have been 
citing ‘‘contrary to the interests of 
ociety’’. virtual abolition of participation 
_by students: and. junior staff in decision- 
making within the university; 
eorganization of the samorzad, the non- 
ligned students’ ‘‘self-government 
ody’’, on the basis of existing student and 
outh organizations, all of which are 
irty-orientated. 
ich allegations, Miskiewicz announc- 
1, were-entirely false and ‘‘provocative’’. 
Nevertheless, in a meeting with the Main 
neil:for Science and Higher Education 
m15 November, he outlined his own pro- 
“posals for amending the 1982 act, which ac- 
cording to participants were simply the 
proposals of the “provocative” document 











Setback for liberalization 


in somewhat less specific form. The Main 
Council, which consists of one delegate 
from every state institution of higher edu- 
cation in Poland, strongly opposed the 
changes, noting that the 1982 act is, for ‘‘a 
significant fraction of the university 
milieu’, the symbol of academic 
autonomy, and urging that to change a law 
barely two years after it came into force can 
only lead to a sense of doubt and insta- 
bility. Even the least disapproving of the 
Main Council members are said to take the 
view that the law should be allowed to 
stand at least for another three years (a 
rector’s term of office} and that any 
amendments should then be based on 
consultations and open discussions. 
Students, of course, are particularly per- 
turbed by the proposed reform of the 
samorzady, which would effectively 


transfer into Party hands both such consul- 
tations on university policy as would still be- 
left to the students after the reforms and 
also a whole range of welfare and social: 
matters. Although the 1982 act forbids the 
formation of samorzad structures above © 
the level of the individual university, repre- 
sentatives of the samorzady of all Polish 
universities and high schools met recently 
in Poznan to discuss the threatened 
changes. This technically illegal meeting 
was allowed to take place, although all par- 
ticipants had their identity documents 
checked by security police patrols in the 
vicinity of the assembly point. Although 
the content of the meeting remains confid- 
ential, it is understood that the samorzady 
as, for the moment, legally-constituted or- 
ganizations, hope to be able to voice their 
concern through the peaceful consultative 
procedures provided by the 1982 act, and 
to restrain the more radical student ele- 
ments from such proscribed activities as 
strikes and demonstrations. Vera Rich 





European cooperation 


All-optical computer in sight 


Brussels 

THE European all-optical computer is just 
around the corner or, more precisely, less 
than a year away. Following a major deve- 
lopment in optical logic gates, demon- 
strated in London in November and in 
Brussels last week, the prototype of the 
all-optical computer is to be built at 
Edinburgh's Heriot-Watt University by a 
team headed by Professor Desmond 
Smith. 

The operation is part of two-year project 
in the field of all-optical information pro- 
cessing based on the concept of optical bi- 
stability. Eight research teams have colla- 
borated in the European Joint Optical Bi- 
stability Project, which will cost 1.8 million 
European Currency Units (ECU) — about 
£1 million. They work at the Université 
Libre de Bruxelles (Belgium); University 
College Dublin (Ireland); the Centre 
National de la Recherche Scientifique in 
Strasboug (France); the Universities of 
Milan, Pisa and Florence (Italy); the 
University of Frankfurt, the Fraunhofer 
Institute of Instrumental Physics in 
Freiburg, the Max Planck Institute of 
Quantum Optics in Munich and the 
Technical University of Berlin (West 
Germany); and the Royal Signals and 
Radar Establishment, Malvern (United 
Kingdom). The teams were brought to- 
gether by the Community’s Committee for 
the European Development of Science and 
Technology (CODEST) which promotes 
cooperation between research institutes 
and scientists. 

In Nature last January (307, 315; 1984), 
Professor Smith described new develop- 
ments in optical bistability and the coup- 
ling of optical logical gates, in the infrared 
spectrum at cryogenic temperatures, which 


can switch with milliwatt laser beam power: 





and give sufficient output to switch further 
interconnected elements. 

The latest breakthrough involves the 
coupling of optical gates at visible wave- 
lengths using the semiconductor zinc 
selenide, one of the many new materials 
tested, at room temperature. The immedi- 
ate advantage of the process is that it 
greatly facilitates construction and could 
revolutionize computer design. It could 
also be used in arrays and displays. 

The technology is similar to that used 
in interference filter technology: the 
thermally-evaporated thin films are cheap 
and easy to produce and, being uniformly 
thick, can be used, unlike to earlier tech- 
nology, for large array systems and two- 
dimensional devices. 

The disadvantage is that the use of 
thermal effects slows down the process but, 
says Professor Smith, the possibility of 
having many elements in parallel will in- 
crease overall speed. Limitations, he says, 


_are now only likely to be in the order of sub- 


microseconds or even tens of nanoseconds. 

There will be benefits in processing in- 
formation from radar arrays, sonar devices 
and video signals, he says. Eventually it 
might be possible to make serial parallel 
conversions and to store signals in optics 
for longer periods of time, in fact to im- 
prove all computing processes that benefit 
from parallelism (for example, pattern 
recognition input devices reading 
information in parallel). Optically bistable 
devices could also be a better means of 
iranslating fibre optics signals. 

According to Professor Smith, it will 
now be possible “to begin to construct 
digital optical circuits more complicated 
than demonstrated with two elements and 
goon from there to create optical computer 
architecture’, Anna Lubinska 






‘ast reactors 


= BRITAIN’S nuclear engineers were making a 
= strong plea last week for a British commit- 
“ment to the development of fast reactors — 
"little over a year after the government 
announced there was no need for haste. 
Nothing has changed, of course, in the 
< engineers’ perception of need: they say 
“Britain needs the reactor as part of an 
arsenal of energy sources for the next 
Me century. What has changed, however, is 
-the engineers’ perception of politics. Since 
January, Britain has been signatory to a 
: five-nation European umbrella agreement 
on fast reactor research and development, 
-and there are growing fears that Britain will 
< become second fiddle to France. 
The plea last week came from Dr Tom 
<: Marsham of the United Kingdom Atomic 
< Energy Authority (UKAEA), at a dinner 
o for.members of the British Nuclear Energy 
«Society and British Nuclear Forum, that 
’ “we need to follow present plans enthusi- 
astically and avoid further delay”. 
Whispers at the tables, however, indi- 
cated that the future may be with TOR, a 
new fast-fuel reprocessing plant under con- 
struction at Marcoule in France. Until 
TOR, Britain was generally thought to 
have the lead in efficient fast-fuel cycle 
i management with a plant at Dounreay. 


















































-Space station 


Britain falling behind? 


The preference for TOR gains 
significance in the context of an emerging 
consensus that Europe should develop just 
one major fast-fuel reprocessing plant to 
cope with all the fuel from the three 
commercial demonstration fast reactors 
(CDFRs) that are ultimately expected to be 
built in Europe (in France, West Germany 
and the United Kingdom). Since it is 
expected that Britain will have the last of 
the three CDFRs, it would be convenient, 
at least to British nuclear engineers if 
Britain were to win the reprocessing plant. 
If nothing else, it would help UKAEA to 
attract the engineers it needs. 

Meanwhile, however, all is not going en- 
tirely smoothly on the European mainland. 
Electricité de France is not happy with the 
£2,000 million costs of Superphénix, the 
1200 MW French CDFR due to start 
producing electricity at the end of next 
year, and sees no immediate prospect of 
further investment in that area. 

And in West Germany, the increasing 
political power of the Greens, the environ- 
mental grouping which has now allied with 
the Social Democratic Party, may prevent 
any further fast reactor developments 
(such as the proposed CDFR, SNR 2). 

Robert Walgate 





: Budget cuts spell delay 


Washington 
. SPENDING cuts proposed by President 
: Reagan in his effort to limit the federal 
budget deficit without increasing taxes are 
likely to delay completion of the space 
station now under development by the 
National Aeronautics and Space Admini- 
stration (NASA). NASA services are 
among the targets listed in a budget plan 
presented to the cabinet last week, and 
., NASA officials hold out little hope that the 
-“Sagency can escape unscathed at a time 
“when, for example, one cost-reduction 
measure under consideration is a 5 per cent 
pay cut for all civilian employees of the 
« federal government — which would, inci- 

dentally, also include NASA scientists. 

Last year, NASA was told to expect | per 
cent real growth per year between 1986 and 
_ 1989 in order to allow development of the 
space station. Although NASA has trad- 
itionally been relatively. immune from 
budget restrictions, the scale of the savings 
now being sought —- $34,000 million in 
fiscal year 1986 — means that few agencies 
can be permitted unnecessary increases. A 
< decision to abandon the 1 per cent annual 
< growth target would leave NASA admini- 
tor James Beggs with some hard 

sions. 
Ithough President Reagan is publicly 
e space station project, the 
; very early stage of 













development and could be postponed 
without incurring huge additional costs. A 
recent unfavourable report on the space 
station from Congress’s Office of Tech- 
nology Assessment might increase pressure 
for the project to be put back. One diffi- 
culty, however, is that when the President 
announced his plan for a permanent 
manned space station, in January 1984, he 
directed NASA to complete development 
“within a decade’’. A decision to abandon 
that target would therefore have to be 
approved by the President. Initial develop- 
ment costs for the space station — without 
instrumentation — are put at $8,000 
million. 

Other contenders for programme delays 
are scientific projects for which funds have 
not yet been approved. Possibilities include 
TOPEX (Topographic Experiment), an 
ocean surveying satellite, and the advanced 
X-ray astrophysics facility planned for the 
1990s. The Mars geoscience/climatology 
orbiter has also been suggested. 

The Hubble space telescope, now 
nearing completion in time for a 1986 
launch, in unlikely to be affected by any 
budget reductions, say NASA officials. 
Although the project has been subject to 
many delays due to technical difficulties 
and budget stringencies, there are now no 
outstanding obstacles. 

Tim Beardsley 















Nature Conservancy 


Chief geologis 
resigns 


THE British Nature Conservancy Coune 
(NCC) was both criticized and rewar 
last week. Dr George Black, NCC’s cl 
geologist for the past 24 years, resigned.b 
cause he considered recent developments in 
NCC policy alarming in their ‘‘uncom- 
prising militancy’’. The governmen 
however, has made it clear that. it: 
support a private member’s bill, tabled b 
David Clare, the opposition spokesman.o 
the environment. The bill seeks to ar 
NCC against landowners who exploit of 
anomaly in the Wildlife and Countrysid 
Act of 1981 and destroy their land duri 
the three months before its registration as 
special, protected site. If the bill becom 
law NCC will be further empowered 
block any work on a prospective site th 
might be harmful. 

In accordance with the terms. of 
Wildlife and Countryside Act, NCC. 
resurveying the 4,000 Sites of Speci 
Scientific Interest (SSSIs) and “‘renotif 
ing’’ owners and users of their obligatio 
under the act, a costly and labour-intensiv 
process. Earlier this year it was claim 
that NCC has neither the money nor tt 
manpower to carry out these duties bu 
increase of 50 per cent in its grant-i 
budget of £7 million has recently 
announced. 

Dr Black’s resignation, however, hi 
been induced by the council’s declared in- 
tentions on the selection of additional sites, 
and its strategy for the future, as publish 
in Nature Conservation in Great Britain 
last June. Dr Black regards conservation as 
an applied science. ‘‘Previously, NCC saw 
its role as the government’s scientifi 
adviser on the natural environment. The 
report is beginning to introduce other con- 
cepts, such as conservation as a cult 
matter.’’ According to Dr Black, 
marks a departure from its long-est 
lished tradition, In a farewell letter to 
staff, Dr Black explained that differen 
grew out of NCC’s commitment to ti 
conservation of “a flood of scientifical 
sub-standard SSSIs for cultural, recrea- 
tional, inspirational and spiritu 
reasons”. Despite his anxiety to cor 
press reports that have presented: 
disagreement rather melodramatically 
terms of feuds and bad blood, Dr Black: 
resolute. “Tve come to the conclusion, asa 
scientist, that I want to work for avpurely 
scientific organization.’ 

As far as departures from tradition 20, 
some council members feel that NCC’s 
earlier practices were ineffective and in 
need of change. In the past few. ye 
NCC has been moving not towards 
confrontation and diktat, but ove 
approximately into line with the opini 
of the general public who finance’t 
















































me, the first of aclutch of satellites due to 
y Halley sometime in March 1986 
uld be launched. VEGA, or ‘‘Venus- 
Halley”, a Soviet-French collaboration 
h will drop probes into the atmosphere 
enus on the way to Halley, should get 
away this Saturday. 
< One French participant described 
VEGA recently | as “‘a fantastic mission, 
really gorgeous’’. Soviet space technology 
s sometimes rough-and- ready in compari- 
on with that of the United States, but 
V has some beautiful equipment, ac- 
ing to Jean-Loup Berthod of the Ver- 
j “Buisson space laboratory of the 
“National de la Recherche 

















































‘or instance, VEGA will carry the first 
ary: mission camera equipped with an 
anced charge-coupled-device (CCD) 
aging surface, says Berthod. CCDs are 
ch more flexible’ and linear than the 
dard ‘‘videcon’’ detection system, and 
he future for space exploration is CCD’ 
; Berthod. The US Galileo trip to the 
iter planets will use CCD imaging. But 
GA will be first, using a camera built by 
e Soviet Union, Hungary and France and 
h.a Soviet CCD. French laboratories 
‘made calibrations of the device and 
the present time it seems to be good”’. 
ere will be two VEGAs with identical 
yloads, the second to be launched a few 
ys after the first, and each should arrive 
us.in June next year. Each VEGA 
en divide into two parts, one to fly on 
Ney and the other to descend onto 
nus (‘‘the Soviet’s pet planet”, as 

hod describes it). 
Each VEGA descent probe should eject 
small balloon carrying instruments to 
measure local pressure and temperature, 
d a small radio transmitter which will be 
ed on. Earth for some days by very 
aseline radio interferometry (VLBI 
the US Deep Space Network and the 
cand Soviet networks, This will 
ie -the first. measurement of wind 
eeds and directions in the venusian upper 

nosphere. 
The French interest has been mostly to 
asure a sulphur dioxide profile through 
mosphere, to learn if it may be con- 
cerned with volcanic. activity. Pioneer V 
icated. a° tenfold decrease in upper 
mosphere concentrations of the gas, sug- 
iting that the high levels detected earlier 
y have been transitory. 

for Halley, the first VEGA probe 
each the.comet on 8 March 1986, 
days before the European mission 
0. VEGA-1 is due to pass at 10,000 
ym the cometary nucleus, following 





racking platform. VEGA information. will 





cleus with the CCD camera on a | 





be relayed to the European Space Agency 


“The Soviets wanted survival, ard: so 


to help it to make the last targeting adjust- 
ment to Giotto, which is due to go much 
closer — within 500 km on the sunlit side 
and into the dust cloud. VEGA-2 will pass 
at 5,000 km, but it has not been decided yet 
whether it will go before or after Giotto 
(which is quite likely to be destroyed in the 
encounter). 





mirror system. 


had to go outside the large dust cloud”, 
says Berthod. And they also wanted good” 
pictures of the nucleus. Hence the CCD. 
camera, and hence also the distance of- 
approach. At a fly-by velocity of some 70 

km per second, the rate at which the camera 
could be turned to keep track of the nucleus. 
fixed a fly-by distance of a few thousand | 
kilometres. Giotto will also attempt too 
track the nucleus, but by turning a lighter 

Robert Walgate 





















Comparison of biotechnology stock indexes _ 


1982 
—_ New York- eee 
ace ee 


A comparison of ae Nature index of bio- 
technology stocks (which started at 100 on 
25 June 1982) with the Dow Jones and 








Hambrecht & Quist indexes to November 
1984. (Source: Datastream/Peter Laing of 
Biotechnology Investments Limited.) E3 





Nature index of biotechnology stocks 





12-Month 12-Month Company 
high low 
14 s Biogen (Switzerland) 
2 1 Bio-Logicals (Canada) 
14% 4% Bio-Response (USA) 
14% 834 Cetus (USA) 
10°% 414 Collaborative Research (USA) 
19% 114 Damon (USA) 
26'4 1134 Enzo-Biochem (USA) 
10% 3% Flow General (USA) 
4214 2834 Genentech (USA) 
OM 44 Genetic Systems (USA) 
174 6 "ls Genex (USA) 
23 lt Hybritech (USA) 
16% 61% Molecular Geneties (USA) 
15% 814 Monoclonal Antibodies (USA) 
h 20% Novo Industri A/S (Denmark) 
223 1414 Pharmacia (Sweden) 


Close 


previous 


month 
7 


15/16 
6 
10M 
4'4 
12‘ 
1814 
47s 
28% 
614 
T's 
15% 
7> 
1014 
20 Ve 
16% 


Close 
30 November 


$44 
17 
4 
87 
Sia 
11% 
15'% 
3% 
33 
6 
6% 
15% 
614 
9 
244 
16h 


Change 


-1% 
+! /16 
-p 
-1% 
+% 


- % 
-1% 
+3% 
~%y 





Closing prices are for the last Friday of the month. For over-the-counter stocks, bid price is 
quoted; for stocks on the American and New York exchanges, the transaction price. Natures 


weighted index.of biotechnology stocks stood. at 121-on 30 November, the same as a month | 


sarlier. Data from E.F. enon I Inc. 

















Sir — Turco ef al! have performed a 
valuable service by bringing to public and 
political attention the probability that, in 
addition to the ‘“‘known”’ effects of blast 
and radiation, large-scale nuclear war will 
cause severe climatic disturbance which 
could increase the number of fatalities. 
Expressed in those simple and general 
terms, their claim is unassailable but, 
.. without supporting argument, it would 
„attract neither scientific nor political 
interest nor would it be intellectually 
satisfying to the authors. 

-_ Because there was detailed supporting 
argument, criticism of their assumptions 
and model was inevitable. Predictably 
c> there has been a rapid succession of 

copublications describing alternative 
nalyses of the likely climatic consequences 
‘global nuclear war, no doubt motivated 
in part by an understandable academic 
“desire to arrive at the correct conclusion 
and by some of the other attractions of 
publishing in the vanguard of a topic that is 
attracting wide public interest. I should 
emphasize that this motivation is academic 
rather than scientific since the proponents 
of the various models have less chance 
of testing them experimentally than 
proponents of some of the more esoteric 
theories of cosmology. 
<> Of the articles I have seen, the one that 
alarms me most is that of Teller’. It is well 
"> argued, as one would expect, and ap- 
‘parently well supported factually. It is 
soothing in a way that the arguments from 
. supporters of the nuclear industry often 
are, (‘When the biological recovery 
formula is applied, a dose rate as high as 
250 rem from worldwide fallout is built up 
at a rate so slow that it would not produce 
significant casualties”. I do not wish to 
seem ungrateful, but this information does 
not make nuclear war any more appealing.) 
In his introduction, Teller says: 
“Scientific knowledge of the after-effects 
of anuclear war ... is of great importance in 
making political decisions’’. In his 
“conclusion: ‘‘Therefore there is every 
reason to undertake the difficult task of 
arriving at more realistic predictions. ... 
Greater amounts of money, carefully spent 
on atmospheric modelling and experi- 
ments, would: accelerate resolution of the 
basic questions regarding nuclear winter.” 
This, of course, is the substance of a 
cost-benefit analysis of nuclear war, With 
appropriate correction for distribution of 
bombs, the relation between mass of 
















bombs exploded and the number of | 


resulting deaths presumably resembles the 
Beer~Lambert spectrophotometric 
relation with a linear component for few 

< bombs and a flattening of the curve for 
many bombs. If the “political decisions” 
of which Teller writes (I assume he means 

- .whether-or not to bomb the Soviet Union) 
~ were to make. any. military sense, then the 
-> number of bombs used would have to be 





Teller’s cold comfort 


CORRESPONDENCE- 


small enough to ensure that they were on 
the linear part of the death curve. 
Notwithstanding Teller’s point about 
accurate low-yield missiles, that possibility 
seems very remote. Moreover, the corres- 
pondence about nuclear winter is 
specifically based on many bombs. 

If it could be demonstrated that the 
predictions of a nuclear winter are exag- 
gerated, how would that knowledge be 
used? Would one side bomb the other 
forthwith, secure in the knowledge that 
their few survivors would not be unduly 
cold, at least in summer? Or conversely, if 
the prediction is not exaggerated, does that 
mean that each side should stockpile food, 
as Teller suggests, so that the survivors can 
at least have some cold, albeit radioactive, 
porridge? If, in. more comprehensive 
terms, the additional research for which 
Teller calls should conclude that a global 
war would not kill everyone, but merely 90 
per cent of the world’s population, would 
that make the war acceptable? The fine 
details of the ostensibly rational discussion 
about nuclear winter are fast making that 
discussion the penultimate insanity. 

A.D. BROWN 
Department of Biology, 
University of Wollongong, 
Wollongong, NSW 2500, 
Australia 


1. Turco, R.P., Toon, O.B., Ackerman, T., Pollack, 
Sagan, C. Science 222, 1283~1292 (1983), 
2. Teller, E, Nature 310, 621-624 (1984), 
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Bedlam at banquets 


Sir — At many international congresses — 
phycological, entomological, and all sorts 
of others I’ve attended in recent years — 
the value and pleasure of the closing 
dinners have been considerably reduced 
by noise. Bands and comedians, however 
good, and however-appropriate for youth 
or political rallies, are out of place at 
scientific meetings, particularly on the final 
evening which may be the last (or even the 
only) occasion for congenial and informal 
discussions. 

Musicians and other entertainers, with 
their inevitable kilobel amplifiers, should 
not be included in the programmes on such 
occasions. Communication is hard enough 
as it is, especially for the partly deaf, or for 
Finns and Turks trying to discuss technical 
matters in English with Japanese and 
Chinese colleagues who have gathered, 
often at considerable expense, perhaps for 
the only occasion in their lives; gratuitous 
noise makes it harder. There isa placeanda 
time for entertainers, but not at 
conferences which we attend principally 
for the business of conferring. 

Organizers, please note. 

RALPH A. LEWIN 
Scripps Institute of Oceanography, 
University of California, San Diego, 
La Jolla, California 92093, USA 















Plight of 
UK scientists 


Sik — The plight of Indian scientis 
(Nature 8 November, p.87) should 
blind us to the problems which- Britis 
scientists have long faced. In the words o 
your leading article, India has hac 
government whose policy for science hi 
open and straightforward objectives 
namely that understanding the natur, 
world would in due course be a sour 
economic prosperity, social improvemy 
and the banishment of superstiti 
Britain, by contrast, has a govern 
which has looked mainly to immedia 
industrial benefits from science, and 
adopted a policy towards higher educatio: 
that is resulting, whether the government 
realizes it or not, in the Dissolution 6: 
Universities. Research has not only bi 
stultified by lack of funding in other th 
few favoured subjects, especially in’ ou 
universities which should be the power 
houses of research, but has also bee 
subjected to policy planning which, by it: 
very nature, cannot but direct resource 
and effort to the last problem instead of. 
next one. Desperate though the need fo! 
improved financial support is, it is eve 
more vital to return to the tested and time 
honoured Haldane principle in research 
Perhaps the international scientific com 
munity can indeed help science in: Indi: 
but reciprocally science in Britian would b 
enormously helped if our nati 
decision-makers were to learn fro 
PETER FELLGE 
Department of Cybernetics, 
University of Reading, 
Reading RG6 2AL, UK 



























































Peer review 


Sır — Surely, if a ‘‘considerable elemento 
chance is an inescapable component..of 
today’s review procedures” (Bryn Bridges, 
Nature 4 October, p.406), then the syste! 
should have been designed to take actou 
of this random element. For example, the 
sharp cut-off point in the rank order whe 
funds are exhausted would be blunted | 
there were a sliding scale of fundin 
Progressively less outstanding application: 
would receive progressively less than. 
optimum funds required to complete t 
project in a reasonable time. Applicant 
would then have to modify or slow do 
the rate of work. At least the entire proj 
would not collapse. The peer review syste! 
was designed in the ‘“‘good old days’’, when 
virtually any good application was sure-of. 
being funded. The system has failed to 
adapt to the realities of funding today’s 
research! oe 
D.R. FORSDY 
Department of Biochemistry, 
Queen’s University, ; 
Kingston, Ontario, Canada, K7L- 3NG: 


H Osmond, D.H. J. Neurobiol, 14, 93-1 12 (1983) -i 
2. Forsdyke, D.R. Med- Hypoth. 14. 44-156 (1983) 0 



















































rom C.H. Llewellyn Smith 


THE spectacular advances in particle 
physics of the past fifteen years culminated 
the discovery of the W and Z bosons, the 
carriers of the weak force, in experiments 
at CERN last year. These experiments have 
ow. produced tantalizing hints of quite 
expected new phenomena. This is 
therefore an exciting time for particle 
physics, and.a good one to assess the pro- 
$ that has been made and to look to the 
‘ure. 

How far ahead is it sensible to look? It is 
sometimes assumed that the cost of ac- 
érators is growing inexorably so that, 
ner or later, particle physics must grind 
a halt. The facts tell a different story. In 
e case Of CERN, for example, the cost of 
the LEP machine (the large electron- 
positron collider), which will come into 
operation in 1989, is about three-quarters 
of the cost of the previous accelerator, the 
SPS, commissioned in 1977. In fact, the 
Stal CERN budget, which includes the 
operation of existing facilities as well as 
capital costs, has fallen by about 20 per 
cent in real terms during the past decade, 
froma peak in 1974 during the contruction 
e SPS, and will remain constant during 
é construction of LEP. Looking beyond 
JEP to the end of the century, it seems that 
a very powerful proton collider could be 
ilt in the LEP tunnel without increasing 
the CERN budget, if that should prove 
desirable. 


The past two decades 

order to understand the present state of 
particle physics, it is instructive to begin by 
calling the situation twenty years ago. 
he known. consituents of matter could be 
ided'into two classes: 

eptons, These are particles such as the 
ctron, the muon and neutrinos which do 
feel the strong, or nuclear, force. Four 
re then known, and it was clear that they 
ere simple objects with no size, within the 
imits.of experimental resolution. 
Hadrons. These are the particles such as 
he proton, the neutron, the pi-meson or 
ion, hyperons, and so on, which do feel 
he strong force. Hundreds were known 
it was clear that they were complex 
ts with finite sizes. 

_Itwas known that four forces control the 
viour of these particles: 

e gravitational force. Gravity has 
‘well. understood classically since 
on's theory was perfected by Ein- 
tein, but even now there is no satisfactory 
uantum theory of gravity. The effects of 
ity are quite negligible in experimental 
rticle physics, and are important only for 
ery large bodies, because gravity acts in- 


Opportunities in parti 











COMMENTARY- 


discriminately and additively on all matter. 
Theoretically, however, it may be that we 
ignore gravity at our peril when studying 
the nature of force. 

@ The electromagnetic force. Electro- 
magnetism is described by Maxwell's 
equations and Dirac’s theory of the 
electron, which were successfully com- 
bined to form quantum electrodynamics, 
or QED, in the late 1940’s. The electro- 
magnetic force holds atoms together and 
controls the behaviour of matter in bulk. 
@ The strong force. This is responsible for 
holding the nucleus together; its origin was 
obscure twenty years ago. 

@ The weak force. This is responsible for 
B-decay and other rare processes. No 
mathematically consistent theory of this 
force was known. 

As can be surmised from this brief 
summary, the immediate goals of particle 
physics were to determine (1) the nature of 
hadrons and the relationship between 
them, (2) the nature of the strong force, 
and (3) the nature of the weak force. Two 
decades later, it can be argued that all these 
goals have been achieved. 

As the spectrum of hadrons was slowly 
established by many meticulous experi- 
ments, patterns began to emerge and it was 
shown that they could be explained by 
assuming that the hundreds of hadrons are 
composed of a small number of more 
fundamental entities, called quarks, put to- 
gether in the different ways allowed by 
quantum mechanics. Experiments using 
high-energy electrons (at SLAC in Cali- 
fornia) and neutrinos (at CERN) made it 
possible, in effect, to X-ray the proton, 
revealing that it does indeed contain 
objects with exactly the properties 
previously postulated for quarks. The 
unexpectedly large probability for 
backward scattering found in these experi- 
ments revealed that quarks, like leptons, 
are point-like within the resolution, just as 
the observation of large back-scattering of 
a-particles by gold revealed to Rutherford 
that the nucleus is an extremely small part 
of the atom. 

Once it was known that hadrons are 
composed of quarks, it became possible to 
construct a theory of the strong force. This 
force acts between quarks, which it holds 
together to form hadrons, generating 
nuclear binding as a secondary effect. The 
data led to a theory known as quantum 
chromodynamics or QCD. 

According to relativistic quantum 
mechanics, all forces are generated by the 
“exchange” of particles. An analogy. is 
provided by two skaters exchanging a ball 
while gliding on a frozen lake, who would 
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be forced apart by the impulses generated 
when they catch and throw the ball. (This 
analogy fails to explain how forces of 
attraction are generated, although the 
exchange of boomerangs might be 
invoked!) In QED, for example, the elec- 
tromagnetic force is generated by the 
exchange of photons between electrically 
charged particles. Weak processes are 
generated by the exchange of the heavy W 
and Z particles. The interquark force is 
generated by the exchange of particles 
called “gluons”. In QCD a quantity 
known as ‘‘colour’’ plays a role analogous 
to that of electric charge in electro- 
magnetism (hence the name chromo- 
dynamics). Both quarks and gluons carry 
colour charge, so gluon-exchange gen- 
erates a gluon-gluon force as well as gluon- 
quark and quark-quark forces. It seems 
that these forces are so strong that quarks 
and gluons cannot exist as individual 
particles, but always bind together in 
combinations with zero colour charge to 
form hadrons. 

It is much harder to wrest quantitative 
results from QCD than from QED, be- 
cause of the strength and nonlinear nature 
of the interactions, but various qualitative 
results can be derived and some quan- 
titative predictions have been made which 
have been borne out by experiment. One 
example is the prediction that, in certain 
circumstances, quarks should radiate 
energetic gluons which would give rise to 
characteristic collimated jets of particles. 
Such jets were discovered in experiments at 
the electron-positron collider PETRA in 
Hamburg, which revealed the existence 
and nature of the gluon. 

Not long before the development of 
QCD, ’t Hooft demonstrated the consist- 
ency of a theory of the weak force 
previously proposed by Glashow, 
Weinberg and Salam. Consistency requires 
this theory to be based on a principle 
known as local gauge invariance, which 
also underlies QED, QCD and Einstein’s 
theory of gravity. In the case of gravity, 
local gauge invariance means that the form 
of the laws does not depend on the choice 
of the space-time coordinate system chosen 
to label events, and it actually allows 
different coordinate systems to be used at 
different places. In the other cases, local 
gauge invariance allows certain ‘‘internal"’ 
coordinate systems to be chosen differently 
at different places. In QCD, for example, 
each quark has one of three possible colour 
charges: the forces depend on the relative 


values of these charges, but not on which ©. 


colour charge is assigned to a particular 
quark, and the assignment of “colour: 





















coordinates” can be different at different 

"places. The discovery that all the known 
forces are based on the same principle, 
which implies that they have a similar 
mathematical structure, opens up the 
exciting prospect of finding a theory that 
unifies all forces, in the sense that 
Maxwell’s equations unify electric and 
magnetic forces. 

The new theory of the weak force 
necessarily involves a partial unification 
with electromagnetism. In addition to the 
electrically charged W, whose exchange 
: generates all the weak processes known 
: before 1973,it requires the existence of an 
electrically neutral ‘“‘heavy photon’’, called 
Z, and predicted a new class of weak 
“processes that would be generated by 
+ Z-exchange. The discovery at CERN in 
(1973 of some of these processes, known as 
< “neutral current neutrino interactions”, 
was therefore a vital first step in 
-establishing the electroweak theory. 

- The effects of a force are proportional to 
the strengths of the charges involved and 
= also depend on its range. The analogy of 
the skaters passing a ball back and forth 
suggests that the heavier the carrier, the 
shorter the range over which it can be 
exchanged. In fact, the range of a force 
varies inversely with the total energy 
carried by the exchanged particle, 
including the energy (mc?) stored in the 
_ mass. Because the mass of the photon is 
© very small, certainly less than 10% kg and 
< very probably zero, it can carry a negligibly 
“small amount of energy. Consequently, 
~ electromagnetic forces can act over very 
large distances, as anyone who has used a 
compass knows. The basic idea of the 
unified electroweak theory is that the 
“intrinsic strengths of weak and electro- 
“magnetic charges are similar, weak effects 
being relatively very feeble because the W 
and Z are very heavy and therefore act only 
over very short distances. If weak charges 
~ are indeed related to electromagnetic 
-charges as in the unified theory, the 
observed weak effects require the W and Z 
to be about 100 times as heavy as the 
«proton. Until last year, the data were con- 
-~sistent with any masses from 20 times that 
Höf the proton to infinity. The discovery of 
the W and Z with the predicted masses was 
therefore a major step forward as it pro- 
vided the first direct evidence for electro- 
weak unification. 


The outstanding questions 


The description of the structure of matter 
` in terms of a relatively small number of 
quarks and leptons, whose interactions are 
» controlled by QCD, the unified electro- 
weak theory and by gravity, has come to be 
known as the ‘‘standard model’’. 
Although this model successfully describes 
<an enormous body of data, it was 
recognized from the outset that it is in- 
complete. It simply does not explain 
< enough. Too.many of its ingredients are 
added in amounts adjusted to fit the data 

i gh, in fairness to, the model, it 
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T he six leptons 


Three electrically charged leptons are known: 
the electron (e), the u (discovered in cosmic rays 
in the 1940s) and the + (discovered at SLAC in 
California in 1975). Each is linked by the weak 
force to its own much lighter (possibly mass- 
less) neutral lepton or neutrino (v) — so W 
exchange transmutes ¢ into v,: e «>(W)v, and 
so on. As far as is known, the | properties of the 
three “lepton doublets” 
lewe) Hw) (rw) 

are identical except that their masses differ, 
Their masses in GeV, in which unit the mass of 
the proton is bes are 


e:5.1 x 104 vy less than 5 x 105 
u: 0.106 * less than 5 x 10°4 
t: 1.78 Vit vt less than 0.16 


The six quarks 


Six quarks are known. The up (u) and down (d) 
quarks are needed to make neutrons and 
protons: they move inside hadrons with 
effective masses of about 0.33 GeV. The strange 
(s) quark, with mass about 0.5 GeV, is needed to 
make the “strange’’ particles discovered in 
cosmic rays in the 1940s. The charmed quark (c), 
with mass 1.5 GeV, is needed to make the J/yw 
particle, discovered at BNL on Long Island and 
at SLAC in 1974, and charmed particles found 
at SLAC in 1976. The bottom (b) quark, with 
mass of 4.8 GeV, is needed to make the Y found 
at Fermilab near Chicago in 1977 and “bottom” 
particles found at Cornell in 1983. Finally, the 
top (t) quark is needed to make the standard 
model work, given the existence of the b and of 
six leptons. The ‘UAI experiment at the CERN 
proton-antiproton collider has recently dis- 
covered an exotic class of events which can be 
consistently interpreted as evidence for the t 
with a mass of about 40 GeV. All the quarks 
seem to respond identically to the strong force. 
The weak force links pairs of quarks, as it does 
leptons, thus 
(du) (sc) (b,t) 

However, ‘‘off-diagonal’’ weak trans- 
mutations such as s «>u and b «+c occasionally 
occur: the standard model can accommodate 
but does not explain the existence of these 
transmutations. Likewise it can accommodate 
but not explain the observed numbers and 
masses of quarks and leptons. oO 





should be acknowledged that most of these 
ingredients are quantities such as the fine 
structure constant and the ratio of the elec- 
tron and proton masses which have 
hitherto been regarded as given 
fundamental constants). If the standard 
model is incomplete, its predictions have 
only a limited domain of validity, just as 
the predictions of Newton’s theory of 
gravity, which is an approximation to 
Einstein’s more complete theory, are not 
valid in all circumstances. Experimental 
particle physicists are therefore searching 
for phenomena that the standard model 
cannot explain, while theorists are striving 
to construct more complete models and 
predict what these phenomena might be. 
Three major questions are raised, or not 
properly answered, by the standard model: 
@ What determines the number of quarks 
and leptons? At present six quarks and six 
leptons are known (see box). As far as we 
can tell, the present Universe would 
continue to function.in much the same way 





.mental strong and electroweak charges a: e 









with just two of each, although six or mo 
are needed in order to explain: ¿ 
phenomenon called CP violation. whic 
although very rare today, is believed: 
have played an essential role just after the 
big bang in generating the excess of matter 
over antimatter now observeds 
The numbers and spectra of quar 







































































connected, or is it just coincidence t 
example, six of each of them are known 
that the electric charge of the electr 
integral multiple of the charges of quarks 
to better than one part in 10%? Will thi 
turn out to be composite, which might 
account for their number and explain these 
parallels? History suggests the answer y 
but there is no hint of compositeness: in 
their properties, whereas the composite 
nature of neutrons and protons was sug 
gested rather directly by their, sizes, 
anomalous magnetic moments and the 
existence of excited states. 
© Can we further unify the forces? This is 
an obvious aspiration, given the success. of 
the unified electro-weak theory and the 
discovery that all forces have a similar 
mathematical structure. A first step wouk 
be to unify completely the electromagnet 
and weak forces, which are actually 
tures of two independent fundament 
forces according to the standar 
The fact that the charges associated \ 
the two forces turn out to have: similar 
strengths certainly suggests that they are not 
in fact independent, but are linked in: a 
more complete theory. 

Complete electroweak unification 
actually quite hard to achieve except in the 
much more ambitious framework of 
“grand unified theories’? (GUTs), which 
not only fully unify the electromagnetic 
and weak forces but also combine them 
with the apparently very different strong 
force. GUTs depend on the fact that 
“charges” (strong and electroweak) arë 
distance-dependent because of “vacuüm 
polarization’ due to the, clouds’ 
“virtual” particles which surround any 
charge. This is analogous to the screenin; 
effect of polarization in a dielectric 
medium, which causes the charge of atest 
particle to be effectively reduced (byt 
inverse of the dielectric constant) at d 
tances greater than the molecular spacing. 
In QCD, there is anti-screening and th 
effective strong charge of a quark decreases 
as it is approached. It is therefore co 
ceivable that at very short distances, insi 
the effects of all screening, the funda 


the same. Extrapolating their known . 
values to very short distances, it seems that 
the strong charge and the charges 
associated with the two parts of the electro. 
weak force do indeed converge. Converse- 
ly, the GUT hypothesis leads to asuccessfit 





















































_post-diction for the relative strengths of the 
parts of the electroweak force. From 
distance at which the charges appear to 
onverge, it can be inferred that the 
hypothetical particles, which are supposed 
-to generate the screening masking the 
connection between strong and electro- 
reak forces, must have masses about 10'* 
times the mass of the proton. These 
‘particles may produce dramatic effects 
which will be considered later. 

.. In the absence of experimental evidence 
for their validity, GUTs are highly specu- 
lative, but at least they seem to be con- 
‘sistent. This is more than can be said so far 
of attempts to achieve the ultimate goal of 
ynthesizing gravity with the other forces. 

© What is the origin of the masses of 
particles? This question is brought into 
rominence by the success of the electro- 
weak theory because the symmetries of the 
uations seem to imply that electro- 
ignetic and weak forces are identical in 
‘ange as well as strength, in which case the 
W and Z would be mass-less, like the 
oton. They also seem to imply that all 
quarks and leptons are mass-less, contrary 
‘to the facts. Nevertheless, the equations 
may describe the real world because they 
may have solutions in which the 
symmetries are hidden. Analogously, in a 
ferromagnet the atomic magnetic moments 
all line up in one particular direction 
chosen at random, thus hiding the 
otational invariance of the laws of nature. 
the standard electroweak theory, an 
dded ingredient called the Higgs field 
uses the equilbrium state of the theory to 
be one in which the unobserved symmetries 
are hidden, thereby allowing the W and Z, 
nd the quarks and leptons, to acquire 
Masses. This theory can be made to to fit 
he facts, but it appears to be very 
ntrived. Is it only an approximation to a 
‘more complete theory, or may some quite 
different mechanism hide symmetries and 
thereby generate masses? : 

“All the known ways of generating masse: 

‘for the W and Z require the existence of 
new particles or new phenomena that may 
ppear at energies which will be explored in 
thcoming experiments — typically 
round 100 GeV (close to the rest energy, 
2, of the W.and Z themselves) and in all 
's below 1,000 GeV. (It is convenient 
henceforth to use the GeV as a unit of 
energy and mass; the rest energy or mass of 
he proton is 0.94-GeV.) In the standard 
odel, there is just one new particle, the 
Higgs boson” still to be found, in which 
ase there could then be a ‘‘desert’’, devoid 
f new phenomena, extending to the grand 
fied scale of 10'* GeV or beyond. 
However, there are compelling arguments 
oexpect that, rather than a desert, a fertile 
region. rich in new phenomena awaits 


‘The main tool of particle physics is the ac- 
celerator. High energy particles are needed 
both because they have the small quantum 
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mechanical wavelengths required to 


resolve the structure of matter on a small 
scale (the principle of the electron micro- 
scope) and also to create heavy particles 
such as the W and Z, using mc? = E. When 
a beam of particles strikes a stationary 
target, Momentum conservation requires 
the debris to be thrown forward, The 
kinetic energy associated with this motion 
is wasted; it cannot be used for creating 
new particles or probing short distances. 
Indeed, because of relativity, the fraction 
of the incident energy which is wasted 
increases dramatically with increasing 
energy (the useful energy grows only as the 
square root of the beam energy), This waste 
can be avoided by colliding two beams of 
particles head-on, as in the CERN proton- 
antiproton collider used to discover the W 
‘and Z. To produce the same useful energy 
with a stationary target, a beam with 
energy 300 times the combined energy of 
the proton and antiproton beams would 
have been required. 

Because of this effect, most future 
experiments will involve colliders. The 
price to be paid is that a second beam prov- 
ides a much less dense target that a stat- 
ionary piece of matter, and thus a much 
lower collision rate. Furthermore, only 
stable charged particles (protons (p), anti- 
protons (p), electrons (e) and antielectrons 
or positrons (@)) can be stored and collided, 
although this is not a serious limitation in 
addressing fundamental questions because 
all combination of lepton, quark and gluon 
interactions can be studied with pp, pp, eè 
or ep colliders. 

The characteristics of some of the 
world’s front-line machines, now running 
or under construction, are shown in the 
table below. One striking feature of this 
table is that the proton beam energies are 
much higher than the electron energies. 
The explanation is that when charged 
particles are deflected by the magnets that 
guide them around circular accelerators, 
some of the energy stored in the electro- 
magnetic field accompanying the charge 
carries on in a straight line, generating 
synchrotron radiation. This radiation may 
be a bonus for those who can use it as a 
tool, but it is an expensive problem for 
particle physicists, To reduce the energy 
lost by radiation, circular electron 
machines must be made very large and this 
proves to be the limiting cost factor. 
Synchrotron radiation is unimportant for 
protons because they are so much heavier, 
which is why they can be accelerated to 
much higher energy than electrons for a 
comparable cost. 

Nevertheless, electron machines are able 
to hold their own because, in a proton 
machine, the energy of the proton is shared 
among a cluster of quarks and gluons so 
that an individual quark or gluon typically 
carries only one tenth to one fifth of the 
beam energy. Moreover, the interpretation 
of proton collisions is complicated by the 
fact the fraction of the energy carried by in- 
dividual quarks and gluons is not fixed. 











The cost of circular ‘electron machines 
increases very rapidly with energy because 
of synchrotron radiation . Above about 
150 GeV per beam, it will become cheaper - 
to collide beams from two opposed linear” 


accelerators, and the long-term future of e@ 


colliders depends on whether this is pract-. < 
icable. A first test will be provided by the ` 
SLAC Linear Collider (SLC), which will 
use an existing linear accelerator to acceler- 
ate beams that will be separated and 
collided. Since the beams will then be 
thrown away, a reasonable collision rate 
can be achieved only by focusing them to 
about one micrometre in diameter. 
Producing and colliding such beams is a 
formidable challenge, comparable with 
that faced in producing and colliding 
intense bunches of antiprotons at CERN. 


The experimental programme 
Experiments at colliders are carried out 
with very large detectors which surround 
the collision point and are designed to 
measure the energy, momentum and nat- 
ure of the particles produced. Every de- 
tector is a compromise, and different 
detectors are designed to have different 
strengths in their abilities to study different- 
types of particle, to measure energy and so 
on. Some idea of their typical size is 
provided by the UA] detector at the CERN 
pp collider, which is a 10m x 10m x 10m 
cube packed with sophisticated equipment. 
Such instruments are always used for 
several years, with each period during 
which the accelerator is run corresponding, 
in a sense, to a new experiment, because the 
apparatus is often modified and the way it 
is operated is changed in the light of pre- 
vious results. For example, in each run, 
suitable trigger conditions must be chosen 
to recognize instantaneously especially 
interesting categories of events whose 
characteristics are recorded for later 
detailed study, because the total number of 
events is usually far too large for all to-be 
recorded and analysed. 

How will future experiments cast light on 
the grand problems of particle physics? 
Two caveats apply to what follows. First, 
inevitably, the discussion must be confined 
to the framework of existing speculation. 
Experiments in the next decade will probe 
the structure of matter at one-tenth of the 
distance scale explored so far, and it will be 
surprising if they do not produce surprises. 
Second, the discussion is concerned only 
with measurements bearing on really - 
fundamental questions. Future experi- 
ments will also allow detailed studies of 
phenomena whose fundamental character 
is already known, but about which there is 
nevertheless still much to be learned. 

The discussion will be organized on the 
basis of theoretical problems rather than 
machines, but it will become clear that 
different types of collider (pp, e@, ep) have 
complementary capabilities. Very crudely, 
pp and pp colliders reach the highest 
energy, but are relatively blunt exploratory 
instruments compared to eë and ep - 
















-: machines. For example, while pp collisions 
‘yield some information about the 
distribution of quarks and gluons in the 
proton, it is crude compared to what is 
. learned from ‘‘X-raying’’ the proton in ep 
collisions. Similarly, although the Z and 
probably the t quark have been discovered 
at a pp collider, investigation of their 
detailed properties must await SLC and 
LEP. Proton-antiproton collisions at 
CERN have already produced tens of Zs, 
but electron-positron collisions will reson- 
ate at the rest energy of the Z, which may be 
produced at a rate of tens, or perhaps 
` hundreds, of thousands per year in the SLC 
experiment and millions per year in each of 





the four simultaneous experiments planned |. 


for LEP. This will allow high precision 
> studies of the Z itself, and of its decay pro- 
«ducts, including the t quark and any as yet 
undiscovered particles less massive than 
“othe Z.: Finally, although existing pË 
* colliders have enough energy in principle, 
4 only LEP when upgraded to more than 85 
GeV per beam will be capable of studying 
the production of pairs of Ws so allowing 
crucial tests of the electroweak theory. This 
is why the LEP design is optimized for 
eventual running at 100 GeV per beam. 
Future experiments will address the 
‘‘orand questions” in the following ways: 
@ Particles. New charged particles can 
most easily be found in eë collisions, in 
which an electron and positron annihilate 
forming an unstable quantum of 
-electromagnetic energy which disintegrates 
into whatever charged particles it can. 
‘From PETRA experiments, we know that 
there are no charged leptons between the 
t, with a mass of 1.7 GeV, and about 20 
GeV. SLC will extend the search to 50GeV, 
-while LEP will eventually explore the 
-region up to 100 GeV. SLC and LEP will 
make detailed studies of the t quark, if its 
mass is around 40 GeV as suggested by 


recent CERN data, and LEP will 


eventually discover any other quarks with 
< masses less than 100 GeV. 

If there are additional neutral leptons 
(neutrinos) with masses less than half that 
of Z, it will decay into them. Although such 

‘decays cannot be observed directly, they 
- would alter the Z’s half-life in a way that 
could be inferred from experiments at pp 
and ¢ colliders. We have already learned 
from the CERN př collider that there can- 
not be more than about five such leptons. If 
any exist, they will be discovered at SLC or 
LEP. In addition to. the obvious import- 
- ance for particle physics, knowledge of the 
_ number of light neutrinos is vital for astro- 
“physics, for it determines how fast the 
Universe expanded when it was a few 
minutes old, which in turn controls the 
cosmic abundance of helium. The number 
of neutrinos also influences the fraction of 
the energy of the Universe which may now 
be stored in neutrino background radiat- 
"jon, a quantity which is very sensitive to 








_ whether neutrinos actually have small 
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Some front-line facilities 


Europe Existing 


CERN SPS 
450 GeV p 
Eom, = 30 GeV 


SPPS 
320 GeVp + 320 GeV p 
Bon, = 640 GeV 
DESY PETRA 
23 GeVe + 23GeVe 
Ecm = 46 GeV 
USA 
FNAL Tevatron 
800 GeV p 
Eom = 40 GeV 
SLAC PEP 
15 GeV e + 15 GeV ë 
Ecm = 30 GeV 


O- O SASOS. EAE 
The acronyms of each laboratory are listed in the left-hand column, Data given for each machine are: completio 0 
date, in parentheses; energy of beam in GeV, type of particle {proton (p), antiproton (p), electron (e), positron @) 
+ energy of opposing beam and type of particle in the case of colliders. E m = centre of mass energy; this is the 
useful energy available for creating new particles. 1 GeV is slightly more than the energy (me^) of a proton at rest,’ 
which is 0.94 GeV. A machine with Eom = 50 GeV can in principle create a particle 50 times as heavy as the proton 


attacked in various relatively low energy 
particle physics experiments. Some astro- 
physicists claim that the observed 
abundance of helium makes it unlikely that 
there are more than one or two undis- 
covered light neutrinos. A direct 
measurement in Z decay, which could also 
find heavy neutral leptons,is obviously 
highly desirable. 

if quarks and leptons are composite, 
they may have detectable structure and 
excited states should exist. According to 
one school of thought, the W and Z are also 
composite and share common constituents 
with quarks and leptons. If so, structure 
should show up at a distance scale set by the 
mass of the W that will be probed by experi- 
ments at pp colliders, at SLC, LEP and 
HERA, which will, in their different ways, 
extend the search for structure down to 
one-tenth of the distances studied hitherto. 
Enthusiasts for composite models claim 
that the unexplained events recently 
observed at the CERN pp collider may be 
manifestations of excited states of quarks. 
@ Forces. Further tests of the unified 
electroweak theory are badly needed for 
two reasons. First, it is still conceivable that 
the W and Z are composite particles, 
unconnected to the photon. It can be 
argued that, nevertheless, they might have 
properties similar to those predicted by the 
standard model if they are very tightly 
bound states of constituents with masses of 
about 1,000 GeV. In that case, however, 
their properties would be nonstandard toa 
degree that should be measurable in forth- 
coming experiments and there would also 
be heavier particles made of the same 
constituents. Second, if, as seems much 
more probable, the standard model is 
basically correct, it is very likely that it is 
part of a completely unified theory. If so, 
there must be heavier W and Z-like 
particles and the ordinary W and Z might 
have slightly non-standard properties. 

Many new tests of the electroweak 
theory will become possible in the coming 
decade. At SLC and LEP, accurate meas- 








Under construction 















































LEP (1989) 

50 GeV e + S0GeVe 
Eom = 100 GeV 

(Eom © 200 GeV, 19927) 


HERA (1990) et 
35 GeV e + W0 GeV p 
Eom = BOGE 


TeVI (1986) : 
1,000 GeV p + 1,000 GeV p 
Ecm = 2,000 GeV 


SLC (1987) E 
50 GeV e + 50 GeV e 
Ecm = 100 GeV. 


urements of the mass of the Z and of the 
cross-section for the production of muon: 
pairs will be particularly important. An 
upgraded LEP will also be able to study W 
pair production, which is sensitive to basic 
untested features of the electroweak theory. 
and may serve to distinguish it from model: 
in which the W is composite. Experiment: 
at an upgraded LEP will also be sensitiv 
the effects of additional Zs with masses 
to about 500 Gev. Experiments at HE 
which study electron-quark scatterin, 
and the reaction electron +. 
neutrino + quark, will allow inde 
high-precision tests of. the elec 
theory and will be sensitive to the effects 
additional charged Ws with masses up to: 
about 500 GeV, which could not be seen at 
SLC and LEP. 

In GUTs, some, perhaps all, of the 
additional Ws and Zs are supposed.to have: 
masses of the order of 10'* GeV. Exchange 
of. these very heavy particles is expected to’ 
generate proton decay. Since, by defin 
ition, leptons do not feel the strong fore 
while quarks do, it is not surprising that in 
GUTs, in which there is no fundamental 
distinction between the strong. and the 
electroweak forces, there is no funda- 
mental distinction between quarks. and 
leptons. Thus GUTs unify quarks and 
leptons, as well as unifying forces, and. 
GUT forces can transmute quarks i 
leptons thus allowing the proton to deca’ 

The prediction that the proton 
unstable is exciting first because it-alters. 
our view of the permanence of matte: 
second because it may explain the imba- 
lance between matter and antimatter in the. 
Universe, and, third, because it may be 
testable. Large detectors have been 
constructed to examine the stability o 
large quantities (hundreds or even 
thousands of tons) of matter in deep mines, 
shielded from most of the effects of cosmic: 
radiation. These experiments are at. 
exciting stage, having already reached the 
sensitivity required to see proton and 
neutron decays according to some varieties. 




































































: They have found a few events 
that defy simple explanation but more 
sults, and perhaps the more sophisticated 
detectors now being constructed, will be 
needed to determine the origin of these 
events. These experiments are also sensitive 
to any powerful cosmic sources of neut- 
rinos (they might eventually be able to 
_ detect neutrinos from supernovae) and to 
arty new highly penetrating particles that 
might be present in cosmic rays, such as the 
magnetic monopoles whose existence is 
predicted by GUTs. 
Masses. The known solutions to the 
problem of why the W and Z are massive all 
involve new phenomena that may be dis- 
covered in forthcoming experiments. The 
photon, which is believed to be massless, 
can. exist in two independent states, which 
is why ordinary light waves can be pola- 
rized in two independent ways. But ‘‘heavy 
photons” such as the W and Z can exist in 
three independent states. (Technically the 
shoton has spin one: if it were massive, we 
could always find a frame of reference in 
which it was at rest and then orientate the 
spin in three independent ways.) The 
question of why the W and Z are massive 
while the photon is mass-less, although it is 
their sibling according to the unified 
electroweak theory, is therefore directly 
related to the origin and nature of their 
third states. There are three possibilities: 
(1) The third states of the W and Z may be 
fundamental particles. This is the case in 
the textbook formulation of the standard 
model, which contains fundamental 
tities called Higgs fields, or particles, 
which induce a preference for a solution in 
which the symmetry is hidden. The Higgs 
particles supply the third states for the W 
and Z, thus distinguishing them from the 
photon and enabling them to become 
massive. However, it turns out, inevitably, 
that one Higgs particle is left over as a new 
dependent type of particle called the 
iggs boson. Its mass is not predicted by 
the theory, but must be less than a few 
hundred GeV for the theory to make sense. 
Searches for this particle are obviously 
extremely important. Only eé colliders 
provide a reasonable chance of finding it. 
f its mass is less than 50 GeV, it may be 
found in high statistics studies of Z decay at 
LEP. If it is heavier, it may be produced in 
conjunction with a Z at an upgraded LEP. 
(2) The third states of the W and Z may be 
mposite particles. The hypothetical con- 
stituents of these composite particles are 
usually referred to as ‘‘techni-quarks’’, 
and the force which is supposed to bind 
them together as ‘‘technicolour’’. It is 
lifficult to make technicolour models 
which are compatible with.all the data, but 
ey have some very attractive features and 
ust be taken seriously. If the underlying 
eais correct, there should be other bound 
states of the constituents which can be 
ught at SLC and LEP, and non-standard 
behaviour may. show up in W pair pro- 
ction at an upgraded LEP. 
SBY All three states of the W and Z may be 


composite and unrelated to the photon, in 
which case the mass problem would be 
transferred to the constituent level. As 
discussed above, this possibility will be 
tested in future experiments. 

Among these possibilities the ‘‘Higgs 
mechanism” for mass generation is the 
most conservative in the sense that it 
predicts the existence of only one addition- 
al undiscovered particle. However, the 
masses of the W and Z introduced by the 
Higgs mechanism are unstable, and tend to 
be dragged up to the largest mass scale 
available, presumably the 10! GeV scale 
associated with quantum gravity. In the 
standard model, they can be held down at 
their observed values, of about 100 GeV, 
only by a highly artificial balancing of the 
parameters in the theory, which must be 
“tuned” to an accuracy of one part in 107°. 
This instability can be avoided only by 
introducing a new hidden symmetry, called 
supersymmetry (SUSY). SUSY is appeal- 
ing for many reasons. It unites particles 
with different quantum mechanical spins 
in common families. It provides a natural 
framework for unifying gravity with other 
forces, since when SUSY is made local, in 
the sense of local gauge invariance, it turns 
out to be part of a theory that includes 
Einstein’s theory of gravity. Finally, 
according to rather general theorems, 
SUSY is the only type of symmetry possible 
for which there is not already some experi- 
mental evidence. It would seem parsi- 
monious of nature to have exploited all 
symmetries but one, so we should take the 
possibility of an underlying super- 
symmetry very seriously. 

According to SUSY, every particle 
should have a ‘‘superpartner’’ whose 
quantum mechanical spin differs by half a 
unit. Thus, corresponding to the known 
quarks and leptons which have spin one- 
half, there should be spinless quarks and 
leptons, known in the trade as squarks and 
sleptons, and there should be spin one-half 
partners of the W, the Z, the photon and 
the gluon, which have spin one. It turns out 
that, in order to avoid the instability that 
led us to SUSY, these superparticles must 
lie below 1,000 GeV in mass and, in most 
models, some of them have masses similar 
to that of the W. If this is so, there is a good 
chance that they will be found in the next 
generation of experiments. Experiments at 
the pp collider may discover squarks and 
spin one-half gluons provided they are not 
much heavier than 50 GeV. Enthusiasts for 
SUSY claim that the recent unexpected 
results found by these experiments may 
already provide evidence for super- 
particles. Experiments at HERA may 
discover some particular squarks and 
sleptons with masses up to about 150 GeV, 
the exact limit being model-dependent. 
SLC or LEP will find any charged super- 
particles, and quite probably also neutral 
superparticles, whose masses are less than 
50 GeV. Upgraded LEP will extend the 
search to 100.GeV. If superparticles exist, 


eé experiments will provide the best way to 








study their properties in detail. 


Conclusions 
There has been remarkable progress in 


particle physics in the past two decades. Our. 


description of the observed particles has 
been greatly simplified by the discovery of. 
an underlying quark substructure. Follow- .- 
ing the triumph of the gauge principle, itis © 
perhaps not too much to claim that we now = 
know the origin of force. This progress has: 
been synthesized in the so-called standard 
model, which successfully describes a vast 
amount of data, but it has been recognized 
from the beginning that this model cannot 
be complete. Theorists have been searching 
energetically for more complete models, 
but there are too many options and the 
baton is now in the hands of our experi- 
mental colleagues. 

The present experimental situation is 
exciting. Experiments at the CERN pp 
collider and proton decay experiments 
have recently given hints of phenomena 
that may lie outside the framework of the 
standard model. 

With the Fermilab pp collider, SLC, 
LEP, and HERA under construction, 
there is a rich experimental programme 
ahead that will address many fundamental 
questions. Experiments in the next decade 
will extend our knowledge of the spectrum 
of quarks, leptons and any other particles 
to much higher masses. They will test the 
unified theories of forces. They may reveal 
the origin of the masses of the W and Z, 
which seems to be intimately linked with 
the origin of all masses. They will explore 
uncharted energy and distance scales and 
may reveal phenomena as yet undreamt of. 

Looking beyond the machines now 
under construction, it is already clear that a 
12,000 GeV proton collider could be built 
in the LEP tunnel at CERN for much the 
same cost as the LEP project, and energies 
up to 20,000 GeV may become possible; as 
well as pp collisions, such a machine could 
generate ep collisions at six or more times 
the HERA energy, since one beam could be 
collided with an electron beam in LEP. 
Scientists in the United States are 
considering a more ambitious 40,000 GeV 
proton Superconducting Super Collider 
(SSC), which would be far more expensive 
because it would be much larger and would 
require the construction of a new tunnel. 
Indeed, construction of the SSC would 
require the annual US particle physics 
budget to be doubled, but even this 
increase would only restore expenditure to 
the same fraction of GNP as in the mid- 
1960s. It is therefore possible to imagine an 
experimental programme stretching a 
quarter of a century ahead, if it is 
scientifically desirable. In the more distant 
future, novel techniques will have to 
be found to contain the cost of accelerators 
if it proves imperative to go to even higher 
energies. E 


C.H. Lieweilyn Smith FRS, Reader in Physics at 
the University of Oxford, is a particle physics ` 


theorist. 


NEWS AND VIEWS 





Nuclear winter and carbon dioxide 


The National Academy of Sciences has at last reported on the nuclear winter. It clarifi 5 the sı 


uncertainties that affect other important climatic models. 


THIS week’s report on nuclear winter by the 
US National Academy of Sciences may be 
late (by more than a year), but is none- 
theless welcome. The document, prepared 
«> by a committee under Dr Georges Carrier 
_ of Harvard University, was a key reference 
in the paper that remains the most coherent 
account of what the nuclear winter would 
be like, that of Turco et al. (Science 222, 
1283-1292; 1983). Much of the delay has 
_ ome about because of the diligence of 
referees of earlier drafts. 

_. The nuclear winter is the phenomenon 
by which, in the aftermath of nuclear war, 
the upper atmosphere will be filled with 
particles of smoke from fires burning on 
the surface of the Earth. After a few days, 
the smoke will be distributed uniformly. If 
there is enough of it, the Sun will be ob- 
scured, the lower atmosphere cooled and a 
temperature inversion formed that may be 

Stable. for weeks ör even. months. Given 
“> persistence, and enough obscuration, 
_ surface temperatures would be so low for 
-sọ long that most living things would die. 

<: During the past year, the concept of 
nuclear winter has been widely canvassed. 
Apart from successors to the paper by 
Turco et al., there have been public 

meetings, popular articles (of which the 
=: first seems to have been that by Carl Sagan 

-Of Cornell University in the supermarket 
magazine Parade for November 1983), and 
several speeches by politicians. Under the 
auspices of the International Council of 
Scientific Unions, the Scientific 
Committee on Problems of the 
Environment is well launched on a formal 

_. Study of the problem that is due to be 
published next year. 

It.is in no sense surprising that the issue 
has been controversial, Most issues con- 
cerning nuclear war have this effect. Earlier 
reports on the consequences of nuclear war 
by the National Academy of Sciences, most 
recently in 1978, were deficient in their 
treatment of the consequences of 
atmospheric soot, a cifcumstance first 
pointed out by P.J. Crutzen and. J.W. 
Birks (Ambio 11, 114-125; 1983). I have 
run into trouble with Turco ef al. for 
suggesting, on grounds disputed, that their 
original article had been ‘“‘hyped’’, as 

_ publishers say (see Nature 307, 107; 308, 11 

=c & SLL, 307; 1984), but I had not known 
then that the launching meeting had been 

: supported by agrant of more than $50,000 
fi -Boston-based Kendall 

to a public relations firm. 
e! de a- similar case more 















convincingly (see Nature 310, 621; 1984), if 
at greater length. 

The National Academy’s new report is a 
major contribution to this evolving 
discussion. (A fullreport of it will appear in 
Nature next week.) Inevitably, its effect is 
to accept that nuclear winter could be a 
consequence of a major nuclear exchange 
but to emphasize more clearly than ‘has 
been customary the uncertainties in de- 
tailed calculations of what a nuclear winter 
would be like or how long it would last. 
Nobody will be surprised. In any attempt to 
predict the behaviour of a system as 
complicated as the atmosphere, it is natural 
that the starkness ‘of first approximations 
should be relieved when refinements are 
introduced. 

Those who think otherwise could do 
worse than glance at almost any issue of the 
purple version of the Journal of Geo- 
Physical Research. The October issue, for 
example, contains an account of one of the 
most ambitious attempts to calculate the 
climatic consequences of increased carbon 
dioxide in the atmosphere (Washington, 
W.M. and Meehl, G.A. J. geophys. Res. 
89, 9475-9503; 1979). The authors have 
used the versatile community climate 
model they have helped to develop at the 
National Atmospheric Research Center 
(NCAR). 

The calculation is both an illustration of 
how competent the climate modellers have 
become and of how far they have to go. The 
authors have set out to calculate the 
properties of two atmospheres, one with 
the present concentration of carbon 
dioxide, one with twice as much. The 
surface of the Earth is given a ‘“‘realistic 
geography’’, which means that the 
continents are accurately placed where they 
should be, so that the variation of albedo 
over the surface of the Earth is not very 
different from reality. But the oceans are 
represented only by a slab of water 50 
metres thick, which allows for seasonal 
heat exchange but not for global heat trans- 
port, a simplification which is sensible 
enough when the objective, as here, is 
simply to calculate the equilibrium 
condition of two atmospheres containing 
different amounts of carbon dioxide. 

This version of the model is persuasive. 
It reproduces well enough the seasonal 
variation of the atmosphere as it is. Strato- 
spheric temperatures come. out well, for 
example, as do the general patterns of 
surface temperature and even wind 
velocity. Precipitation is less well calcu- 




























































lated, sea-ice cover 
(perhaps because of t 
oceanic: transport), as are 
tinental temperatures 
modellers’ endless probi 
accurately for clouds)... 
The prediction of what 
would be like if the carb 
twice as abundant as at present is 
cumstances all the more telling. Bri 
greatest differences of temperat 
the poles, but also. at mid-latitude 
precipitation is everywhere: 
Inevitably, to the modellers, 


with which even NCAR’s co 
sources can handle climatic: fh 
from one season to another. And this, it 
sense, is merely an equilibrium calculat 
Rapidly changing systems should 
inherently more difficult to calcu 
accurately, although it may. then 
possible to omit some slowly-chan, 
components of the climatic model, 

Schneider et al. have shown (Nature 
21; 1984) that a different version ‘of the 
community climate model can indeed’ 
used to simulate nuclear winter; they 
decided at the outset to take the properties 
of the atmospheric soot layer as given. Bu 
that, of course, is where much of the argu- 
ment about nuclear winter centres, Will the 
layer of soot be uniform and, if not, will i 
be stable? How long, in any case, will 
last? To ask these questions is not: to 
suggest that the nuclear winter is a kind o 
hoax but rather that the nagging difficult 
in the original account persist = t 
National Academy’s report clarifies bu 
does not answer them. 

For what it is worth, the same conclusion 
seems to apply even to the more fu 
studied problem of carbon dioxide. 
same issue of the same journal gives a 
account of accurate measurements carried 
out in the past decade at three Canadian 
stations of the atmospheric concentration 
of carbon dioxide. The detail is absorbing 
but C.S., Wong et al. (J. geophys. Res: 89. 
9527; 1984) also confirm what others have 
recently suggested, that the rate of increase 
of carbon dioxide (at 1.4 parts per million 
per year) is between a third and a half of the 
rate measured in earlier decades. The 
reasons for this change are entirely- 
unknown, but presumably involve inter- 
actions with either the sea or the biosphere 
Washington and Meehl’s work is no doub 
still valid, but it will be longer before it 
comes into its own. John Maddoy 






































































from D.J. Southwood and D.A, Bryant 


THE first active phase of the Active Mag- 
neto-spheric Particle Tracer Explorers 
(AMPTE) space mission is successfully ac- 
complished. On 11 September 1984 and 
again on 20 September, lithium ions were 
released in the solar wind immediately up- 
Stream from the terrestrial magnetosphere, 
some 110,000 km from the Earth’s surface. 
At a meeting of the AMPTE science team 
on 25-27 October at the Applied Physics 
Laboratory in Laurel, Maryland, the data 
from the releases were assimilated and 
cross comparisons were made between the 
three spacecraft involved in the mission. 
AMPTE is a joint project of the United 
ates, West Germany and Britain. Each 
national team has provided a spacecraft. 
he US Charge Composition Explorer 
(CCE) carries a comprehensive set of 
instrumentation to detect the mass and 
harge composition of the terrestrial ion- 
ized environment, the magnetosphere. Its 
task is to monitor whether test ions released 
by the German Ion Release Module (IRM) 
can. penetrate to its orbit. The IRM is also 


eld measurements. The third spacecraft is 
the British subsatellite, UKS, added to the 
rogramme at the behest of the German 
team, who recognized that the actual pick- 
up-of the release ions by the surrounding 
plasma posed a significant scientific prob- 
Tencin its own right. The UKS orbits close 
to. the IRM so that both spacecraft are 
able to monitor the local effects of 
the ion releases. 

> The first result of the release experiment 
| the solar wind is a null one; the team are 
convinced that no lithium ions made their 
way from the release site to the CCE, deep 
“the magnetosphere. However, no dis- 
ppointment was evident in the team, in 
part because of their exhilaration at the 
unique measurements made by IRM and 
Sas the ions were created. In any case, 
null result provides an important con- 
int on our understanding of solar ion 
access. Furthermore, the quality of the 
ata from the passive measurements made 
routinely in the mission is so good that 
evitably major gains will be made in our 
nowledge of the Earth’s ionized environ- 
ment and in its interaction with the solar 
wind. 

The lithium releases produced artificial 
metary effects. Comparison of IRM and 
S data show that the clouds initially 
formed a cavity in the solar wind from 
hich the magnetic field was excluded. The 
ale of the cavity must have been well con- 
rained because in both cases it contained 
M whereas UKS saw no cavity in one 
se, and in the other only partial exclusion 


First success for a space mission 
and a comet for Christmas 





of the field. The solar wind was slowed and 
diverted by the obstacle; in the process, the 
solar wind magnetic field was amplified. 
Magnetic forces led to the cloud being 
blown away from the vicinity of the space- 
craft. Electron heating accompanied the 
field compression and the ion detectors 
recorded the signatures of classic cycloidal 
motion of the lithium ions as the solar wind 
picked them up and accelerated them. 
Further detailed plasma diagnostics were 
provided by plasma wave instruments. 
Beam instabilities, attributable to the inter- 
action of lithium ions and solar wind 
protons, were detected but, during the pas- 
sage over the spacecraft of the most intense 
electrical current sheets, no ‘anomalous’ 
(wave-induced) electrical resistivity seems 
to have been present. 

Between the active ion-releasing phases 
of the mission, the three spacecraft make 
passive measurements of the Earth’s 
ionized outer atmosphere. The measure- 
ments made during the magnetic storm of 
4 September provide a high point of the 





mission so far; CCE monitored the build 
up and decay of a hot plasma ‘ring current’ © 
about the Earth, and IRM and UKS detect- 
ed extreme solar wind, bow shock and mag- 
netopause conditions. i 

The next ion release from IRM is due tò- 
take place on 25 December at 12.18 UT. The.” 
date was chosen for scientific reasons; the ~~ 
ideal configuration of the spacecraft and 
the ambient flow, combined with the re- 
quirements imposed by the position of = 
viewing sites, constrained the team to two 
dates, of which Christmas Day is preferred 
to 27 December. The release will be of 
barium, which ionizes much faster than 
lithium, and will be made on the dawn 
flank of the magnetosphere, just outside 
the magnetopause. A longer-lasting and 
more substantial cavity is expected. The 
prime purpose is to create an artificial 
‘comet’ which will be visible from North 
America and the eastern Pacific. The 
comet may be visible to ground observers 
(and other wise men) on the dawn side of 
earth for about twenty minutes. 

Further releases of barium and lithium 
are planned for late March 1985. The ions 
will be released into the tail of the magneto- 
sphere and CCE will be tracing the access 
of the ions to regions closer to Earth. a 





D.J. Southwood is in the Department of 
Physics, Imperial College, London SW7 2AZ; 
D.A. Bryant is at the Rutherford Appleton 
Laboratory, Chilton, Oxon. OX11 0QX, UK. 





Gene regulation 


Repression of activators 


from Anna Velcich and Edward Ziff 


SINCE their first discovery in 1981, gene 
enhancers have increasingly been recog- 
nized as potent activators of transcription 
of a wide range of viral and cellular genes!. 
A challenging report by Borrelli, Hen and 
Chambon on page 608 of this issue presents 
evidence of a mechanism of negative regul- 
ation of a viral enhancer. The finding is 
even more provocative because the 
proteins that Borrelli et al. show to repress 
enhancer activity are best known for their 
ability to activate genes. They are the Ela 
proteins of adenovirus-2, which are known 
to stimulate the transcription of both 
adenoviral and cellular genes in cells 
infected by the virus. 

Enhancers are short segments of DNA 
that indirectly stimulate the transcription 
of nearby genes, perhaps by providing ac- 
cess for the transcribing enzyme, RNA 
polymerase I, to the genes. By contrast, 
the Ela proteins are direct activators of 
gene transcription?* by mechanisms that 
are unknown. 

Chambon and his colleagues have 
studied the effect of Ela proteins on trans- 
cription of a plasmid containing a rabbit 8 - 
globin gene linked to the enhancer of 
polyoma virus. They show that when HeLa 


cells are transfected with this plasmid, the 





polyoma enhancer stimulates transcription 
of the 8 -globin gene, but transcription is 
repressed if the cells are co-transfected with 
a plasmid that expresses Ela proteins, Un- 
like activation, the repression is indepen- 
dently effected by either of the Ela pro- 
teins. In competition experiments, ad- 
ditional enhancer DNA relieves repression 
by Ela, presumably by directly and com- 
petitively binding repressor. The Ela 
gene’s own enhancer is active in this com- 
petition assay, suggesting that it may itself 
be repressed by Ela proteins and so be 
autoregulated. Chambon et al. show that 
the enhancer of simian virus 40 too is a 
target of repression, a result that is also 
indicated by data from our laboratory and 
which suggests that the repression of 
enhancers by Ela could be quite general. 
Because, as the data show, activation 
and repression can be exerted under the 
same conditions, the Ela gene may com- 
mand a complex control over transcrip- 
tion, With increasing production of Ela 
protein, a gene stimulated by it would be 
expressed and a gene dependent upon en- 
hancers would be repressed. As the quan- 
tity of Ela protein falls, the activity of the 
Ela-dependent gene would dwindle, and 
the enhancer would regain its activity. The. 


_ activities of the two genes would be in- 
- versely related, with E la providing a sort of 
- flip-flop’ control. 
“~The focus on Ela proteins is of parti- 
cular relevance because they are known to 
exert a profound effect on cellular meta- 
bolism, activating chromosomal genes for 
both heat shock protein‘ and f -tubulin pro- 
teins®. Ela proteins have also been shown 
to activate certain other cellular genes in 
recombinant plasmids’*. In addition, as 
first reported by Houweling et al.?, if 
primary rodent cells are transfected with 
cloned Ela genes alone, they become 
immortalized. The mechanism of immort- 
alization is unkown but may be the result 
of stimulation by Ela proteins of the same 
. cellular proliferative functions that are 
“stimulated by the proteins for the benefit 
“of the adenovirus in infected cells. Per- 
haps the Ela proteins are mimicking the 
action of an unidentified endogenous 
_ stimulator of cell growth that is under the 
strict control of extracelluar growth 
regulators. 
~ Since the report of amino acid sequence 
homology between the Ela and myc onco- 
gene proteins! and the finding that either 
the Ela gene or the myc gene will comple- 
ment a ras oncogene in transforming pri- 
mary cells'!:!?, any newly discovered prop- 
erty of myc or Ela is promptly sought in the 
other. Current evidence correlates myc 
. gene expression with cellular proliferation, 
a feature perhaps akin to Ela’s immortal- 
ization function. Myc production is tran- 
- siently induced when growth factors stimu- 
late resting fibroblasts or T cells to enter the 
G, growth state'*'5. Regulation of the 
quantity of myc in the cell may also be im- 
_ portant to differentiation. Many cell lin- 
eages maintain the ability to proliferate un- 
til they acquire markers specific for ter- 
minal differentiation, whereupon they 
withdraw from the cell cycle. During in 
vitro differentiation of the HL60 promye- 
locytic cell line, the expression of myc dec- 
: lines as the capacity for unlimited cell divi- 
sion is lost and differentiation markers are 
induced (ref. 16 and refs. therein). 
Is there evidence for normal cellular pro- 
_ teins with the properties attributed here to 
“Ela? Once again, a virus gives some useful 
: information. The polyoma virus enhancer, 
shown by Borrelli et al. to be blocked by 
Ela, is inactive in undifferentiated embry- 
onal carcinoma (EC) cells, but becomes ac- 
tive upon their differentiation (ref. 17 and 
refs. therein). Perhaps-a protein in the un- 
differentiated cells represses the polyoma 
enhancer, as does Ela in HeLa cells, and 
perhaps this protein declines in quantity 
upon cell differentiation. Further evidence 
comes from the observation that class I 
major histocompatibility antigens are ab- 
sent from undifferentiated EC cells but ap- 
< pear upon differentiation (ref. 18 and refs. 
therein). Provocatively, the Ela gene of the 
hly oncogenic strain of adenovirus, ad- 
ovirus-12, but not that of adenovirus-2, 
sseg these-antigens in transformed 
ts” and Borrelli ef af. suggest that 
























NEWS AND VIEWS 
their expression relies on an enhancer, 
which could be the target for adenovirus-12 
Ela. Finally, EC cells do seem to have an 
Eta-like protein, which is indeed lost upon 
differentiation®. 

It is tempting to speculate that cellular 
proteins possessing activator and repressor 
functions analogous to those of Ela playa 
role in gene regulation during the growth 
and differentiation of cells. By inducing a 
high level of the proteins, a cell might turn 
on genes required for cell-cycling and re- 
press other genes that are incompatible 
with proliferation but required in the 
resting state or after terminal differen- 
tiation. Could myc or a related protein pro- 
vide such regulation? Experiments assess- 
ing any role for myc in gene transcription 
are scant, but there is a hint that, like Ela, 
myc can activate heat-shock genes*'. And, 
as expected for an Ela-like protein, myc 
does decrease during EC cell differentia- 
tion“, Little is known about enhancer con- 
trol, but the existence of tissue-specific en- 
hancers*23 makes it highly probable that 
there is regulation during differentiation. 
Ela’s intriguing properties are directing us 
to fundamental features of the control of 
genes and, with time, all will be revealed. (3 


8 
9, Houweling, A., Van den Elsen, P.J., & Van der Eb, 
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Low-temperature physics 


Do cosmic rays account for 
superfluid *He transition? 


from P. V.E. McClintock 


IN THEORY, the transition between the two 
principal superfluid forms of liquid +He 
ought not to be able to occur. So why is it 
routinely observed to take place? A pos- 
sible answer to this intriguing question has 
recently been put forward by A.J. Leggett. 
Writing in Physical Review Letters 53, 
1096; 1984, he suggests that the transition, 
although prohibited from occuring 
spontaneously, readily takes place because 
of the occasional high energy cosmic ray 
that passes through any experimental 
chamber on the Earth’s surface. 

When helium gas is sufficiently cooled 
under atmospheric pressure, it eventually 
— albeit somewhat reluctantly on account 
of its very weak interatomic forces — 
condenses to form a colourless liquid. The 
liquid is of exceptional importance and 
scientific interest, enjoying the unique 
distinction of remaining a liquid down to 
the lowest attainable temperatures. There 
are two distinct forms of liquid helium, 
corresponding to the two stable isotopes, 
3He and ‘He. Liquid *He undergoes a 
superfluid transition at about 2 K, entering 
a state in which a component of the liquid 
loses all its viscosity. It thus becomes able 
to flow quite effortlessly through holes or 
pores of vanishingly small dimensions; 
correspondingly, a small object travelling 
through the superfluid encounters absol- 


utely no resistance to its forward motion. R ; 










































requires. temperatures about 1 000. t 
colder for the same sort of behaviour, bu 
in much more complicated form, tol 
observed in liquid ?He. ; 

When liquid He is cooled under 
pressure of more than about 20 atmo: 
pheres in a weak magnetic field, there is 
very rapid. onset of superfluidity at abou 
2mK. The transition is second order, wit 
no. associated latent heat, and it alway: 
occurs at the same characteristi 
temperature for any given pressure. The 
superfluid phase that results is known-as 
the A-phase. Ifthe liquid is cooled further 
it subsequently undergoes a first ordi 
transition, to the so-called B-phase super- 
fluid. This transition is analogous to th 
more familiar phase changes of boiling or 
freezing, and occurs at a temperature that 
is not accurately reproducible. To pu 
another way, if the liquid is being cooled at 
a steady rate, the time taken for transition 
from A to B to occur is different on each 
occasion even if each experiment is carried 
out with the same cell and, so far as canbe 
determined, in an identical fashion. -` 

There is worse to come. In any pure 
system close to.a phase transition, one ca 
imagine small regions of opposite pha 
continually forming and disappearin 
again as the result of thermal fluctuat 
Whether any one such region subseques 
grows or shrinks will depend. both on 







































nergies of the two phases. Thus, 7He~A 
ould be cooled to a temperature where it 
jould ‘like’ to become *He-B, because the 
nergy of the latter phase is lower, but 
annot until a spontaneous thermal fluc- 
uation produces a ‘large enough’ region of 
He-B. Large enough, in this context, 
feans that the increase in the surface 
nergy between the two phases, resulting 
rom a small increase in the radius of the 
ubble of B-phase, is more than balanced 
y- the corresponding decrease in energy 
ue to the enclosed liquid being in the lower 
nergy state: if this criterion is met, then the 
ubble of B-phase will obviously tend to 
pand until it has taken over the whole of 
he ample, whereupon the transition from 
will be seen to have occured. 
t is possible to calculate the critical 
us for the bubble of }He-B and hence, 
the application of statistical mechanics, 
) estimate the average length of time 
efore the transition occurs, given any 
icular degree of supercooling, Even on 
e most optimistic assumptions about the 
érical values of the various para- 
ters, the calculated result is a period of 
me vastly in excess of the age of the 
iverse. Hence, the transition should 
ever be observed. And yet, even with a 
oderate degree of supercooling, the 
bserved transition time is of the order 


‘Leggett’ s solution to this apparent 
impasse is based upon a consideration of 
ie events that should follow the transit of 
cosmic ray muon of about 2 GeV through 
supercooled liquid, as can be expected 
very few minutes. The immediate conse- 
unces are reasonably predictable on the 
basis of detailed studies of high energy 
particles in helium bubble chambers: a 
umber of relatively low energy electrons 
guld. be produced, each of which would 
up much of its kinetic energy through 
‘production of heat, initially creating a 
ion of a few hundred Ain radius at a few 
nt sof aK, while the bulk of the liquid 
mained at its ambient temperature of 
mK, What would ie gah next is a 


ould be created, propagating out from 
h original event, with the enclosed 
quid ‘cooling towards its ambient 
mperature. He points out that this ‘baked 
Alaska’ distribution would provide ideal 
ditions: for the formation of B-phase 
e as the heated liquid cools through the 
erfluid transition, and that the cooling 
d be too rapid for the expansion and 
omination of any small bubbles of 
phase He that. might be nucleated at 
me time. From. the point of view of 
‘experimenter, unaware of the passage 
initiating cosmic ray, the transition 
‘om A to B will seem to have taken place 
ntancously, a. few minutes after the 
me of a supercooled A-phase has been 
entered, 
Now that Leggett’s suggestion has been 





aired, it should not be too difficult to set 
up suitable particle detectors and a 
coincidence counting system to test 
whether the transition coincides with the 
passage of a cosmic ray through the liquid. 
If the hypothesis is correct, it will open the 
way to study the metastable A-phase right 
down to near-zero temperatures in weak 
magnetic fields — a matter of considerable 
experimental and theoretical interest. All 


that should be necessary is to shield t 
sample from cosmic rays, perhaps by 
conducting the experiments at the bottom. . 
of a deep mine. The first experimental test 
of Leggett’s hypothesis will be awaited with. 
very considerable interest. CP 


P.V.E. McClintock is in the Department of 
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Oncogenic intelligence 


Cell immortalization and 
transformation by the p53 gene 


from D.P. Lane 


A DIRECT role for the so-called p53 gene 
of cells in the process of oncogenesis is 
suggested by three papers in this issue of 
Nature. Parada et a/.' and Eliyahu et al.? 
both show that the protein encoded by the 
p53 gene can complement activated ras 
genes in the transformation of primary 
rodent cells. The third report, from 
Jenkins et al.? establishes that the p53 gene 
can also immortalize such cells. 

The p53 protein was first detected in the 
form of its tight non-covalent complex 
with the large T protein of simian virus 40 
(SV40)*. Subsequently it was found also to 
complex to the Elb 58K protein of 
adenovirus®. Though not closely related in 
structure, both these proteins are involved 
in the oncogenic action of their viruses, 
implying that their shared ability to bind 
the p53 protein is important for their action 
in cellular transformation. The p53 protein 
in primary cells and established non-trans- 
formed cells has a very short half-life and is 
present in minute concentrations, with 
each cell containing only a few hundred 
molecules. When bound to either viral 
protein, the half-life of p53 is greatly ex- 
tended and the protein accumulates, 
reaching concentrations of the order of 
10,000 molecules per cell. Many trans- 
formed cell lines and primary tumour 
isolates also contain elevated levels of the 
protein®’, Microinjection of antibodies to 
p53 into the cell nucleus of normal 
quiescent cells prevents their stimulation 
by serum, implying an important natural 
role for the protein’. 

The new discoveries are provocative be- 
cause they suggest that the alterations in 
p53 levels and stability in many mouse and 
human tumours may be directly involved in 
their altered growth. Parada et al. intro- 
duced a cloned p53 gene (linked to the 
murine leukaemia virus LTR) into primary 
rat embryo fibroblasts (REF) and Rat-1 
cells. While the p53 gene alone failed to 
transform either cell type, when it was in- 
troduced together with an activated ras 
gene, foci were produced in the REF 
cultures. Since the ras gene alone was also 
unable to induce foci, the p53 gene seemsto 
providea complementation function in this 





assay in much the same way as the cellular 
myc gene, adenovirus Ela gene and the 
large T gene of polyoma virus?'!°, Parada 
etal. further establish that cells transfected 
with both p53 and myc genes give rise to 
tumours in nude mice. In both the focus- 
forming assay and the tumorigenicity test, 
the p53 gene appears to be less efficient — 
than the myc gene. : 

Eliyahu ef al. obtain broadly similar 
results with either REF cells or Chinese 
hamster embryo fibroblasts. Again, p53, 
like myc, complements an activated ras 
gene in focus-forming assays. Interest- 
ingly, this group had some difficulty in 
establishing cell lines from the foci 
resulting from introduction of p53 and ras 
genes together, and obtained evidence to 
suggest that overproduction of the p53 
protein can be very toxic to the cells. 

Jenkins ef al. go on to prove that p53 can 
immortalize cells, thus increasing the 
strength of the similarity between p53, myc 
and Ela. The Wistar adult xiphisternum 
chondrocyte cells they used have a 
doubling-time of greater than 60 hours and 
undergo 30 doublings in culture before 
senesence and cessation of growth. But 
after transfection with a plasmid that 
contained the p53 gene, early passage 
cultures of the cells had an extended life 
(200 doublings so far), a shorter doubling- 
time in serum, and the ability to be 
transformed efficiently into tumorigenic 
cells by an activated ras gene. 

Since p53 regulation is altered in so many 
human tumours, an obvious first priority, 
now is to look for alterations in the p53 
gene in human neoplasia. But deeper issues 
can also be addressed. Does SV40 large T 
have the unusual ability to transform 
primary cells both readily and directly 
because it first immortalizes by stabilizing 
p53 and then induces morphological trans- 
formation by some other ras-like activity? 
If so, why are Ela proteins, rather than the 
p53-stabilizing Elb S8K protein, the 
immortalizing proteins of adenovirus? 
Moreover, why do certain small amino- 
terminal fragments of SV40 large T that are. 
unable to complex p53, nevertheless have 
the ability to immortalize cells''!? 

















-Itis time to start looking more deeply for 
common attributes of all the immortalizing 
_ genes. Do others, apart from large T and 
p53, interact with each other and proceed 
> through a common pathway? That some 
.. sophistication in our outlook is needed is 
- highlighted by the recent characterization 
of an Abelson virus-transformed cell line, 
L12, that does not express p53 because its 
gene has been inactivated by insertion of a 
retrovirus-like sequence into its first 
intron'?, L12 cells grow continuously in 
< culture but, unlike other Abelson virus- 
- transformed cells, will not give rise to lethal 
“tumours in syngenic animals. Instead the 
tumours regress spontaneously despite 
reaching considerable size. When a funct- 
ional p53 gene is reintroduced into L12 
cells, those cells which then express the 
“gene are able to give rise to progressive and 
~ Jethal tumours. So, in this. system, the p53 
=o gene product seems to actas a tumour pro- 
= gression factor, whose effect is only really 
. detectable in an in vivo assay. This should 
delight rather than mystify, because the 


NEWS AND VIEWS 
existence of a battery of oncogenes 
of subtly different effects, gives us a 
better chance to simplify and categorize 
the apparent plethora of human neoplastic 
diseases. 0 
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Immunology 


Uses of chimaeric antibodies 


from Alan Munro 


ANTIBODIES were discovered through their 
ability. to neutralize bacterial toxins, and 
¿> for almost one hundred years antitoxin sera 
from experimental animals have been used 
to save many lives. For a brief period, it 
seemed that serum therapy would solve 
numerous medical problems. But it was 
soon found that repeated injections of a 
supposedly innocuous ‘foreign’ antibody 
can lead to harmful hypersensitivity 
reactions. With the availability of mono- 
clonal antibodies, many new applications 
of serum therapy (for example, see last 
week’s Nature; Cobbold et al. 312, 548) 
would become well worth exploring if only 
hypersensitivity reactions could be 
avoided. 
There are three ways to approach this 
“problem, The first is to use monoclonal 
antibodies from the standard source — 
hybridomas of rat or mouse cells — but to 
induce specific unresponsiveness to rodent 
immunoglobulin before or during therapy. 
The second approach is to use human 
monoclonal antibodies, produced either 
from human hybridomas or from Epstein- 
Barr virus-immortalized human B lympho- 
cyte cell lines; despite considerable efforts, 
the success of this approach has been 
limited and there is no generalized way of 
obtaining human monoclonals antibodies 
of the right specificity. Finally, by using the 
_ techniques of genetic engineering, it may 
be possible to obtain antibodies in which 
the antigen-binding site is defined by 
_ sequences from a rodent monoclonal anti- 
z body of the right specificity whereas the 
the molecule is as ‘human’ in 





Papers by G.L. Boulianne, N, Hozumi 
and M.J. Shulman on page 643 of this issue 
of Nature and by S.L. Morrison et al. in 
Proc. natn. Acad. Sci. U.S.A. 81, 6851; 
1984 are the first to describe functional 
chimaeric antibody molecules containing 
light chains and heavy chains, in which the 
whole of the variable regions of the chains 
are ‘mouse’ and the constant regions are 
‘human’. Possibly the human immune 
system will not recognize such chimaeric 
molecules as foreign, but there are good 
reasons to think that it will, In many cases it 
is possible to mount an immune response 
against antibody molecules themselves, 
even when the only antigenic determinants 
lie in the variable regions (take, for 
example, the heavy-chain variable region 
allotypes in rabbits). At least it may be 
easier to induce unresponsiveness to rodent 
variable regions when they are part of 
chimaeric antibodies. In that respect, it will 
be interesting to compare the rates of 
clearance of chimaeric molecules with 
those of the normal antibodies molecules 
of the host. Even if it proves possible to 
construct chimaeric antibodies with rodent 
hypervariable regions embedded in a 
human variable region framework, it is 
likely that they will be recognized by the 
human immune system — but the hope is 
that such chimaeras will be sufficiently 
‘self-like’ to become integrated into the 
network of interacting idiotypes and anti- 
idiotypes without sensitizing the host and 
so avoiding subsequent hypersensitivity 
reactions. 

The construction of chimaeric anti- 
bodies has been made possible through the 








development, by a number of independent 
groups, of vector systems that allow th 
expression of antibody light-chain or 
heavy-chain genes in cells that have been 
transfected with them, Many laboratories: 
have since initiated experiments:in which | 
cells are transfected with . modified 
ee genes. Earlier this yr J: Sharon 

























(showing that the Fe portion ofa 
not necessary for secretion). 
The report by M.S. Neuberger, C 
Williams and R.O. Fox on page 604 
issue not only confirms that result but goes 
much further, It shows that the Fe | 
of the antibody heavy. chain 
replaced by a completely unrelated pro 
— the enzyme staphylococcal nuclease 
example — to produce a bifunctions 
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Schematic diagram of a mouse antibody 
showing two identical light chains (L)iand two 
identical heavy chains (H). Each chain consists 
of variable (V) and constant (C) domains, The 
antibody class is determined by the heavy-chain. 
constant region which imparts distinctive 
features on the tail (Fc) region. Neuberger eta 
have substituted staphylococcal nuclease for thi 
Fe region of both heavy chains of immuno~ 
globulin M; Boulianne er al, have replaced the 
domain of each heavy chain of the immun 
globulin M monomer with a human C domain. 





chimaeric molecule — in this case, 
exhibiting both specific antigen-binding 
and nuclease activity. There are many 
potential applications of this technology in 
the purification of cloned gene products, i 
enzyme-linked immunoassays and in thi 
targeting of chemotherapeutic drugs on to: 
tumour cells. ob 
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from Neil Turok and David N. Schramm 


"HE idea that superheavy ‘strings’, formed 
ta phase transition in the very early 
niverse'~, provide an explanation of the 
gin of galaxies, has been the subject of 
‘much discussion (in part in these columns: 
‘Nature 310, 365; 1984). We should like 
o take the discussion further as it is now 
becoming apparent that strings can make 
galaxies in ways quite different from other 
ethods and thus may help solve or remove 
¢ dark-matter problems. 
Strings are predicted to be formed at 
_symmetry-breaking phase transitions in the 
ery early Universe by those grand unified 
-theories (GUTs) in which the vacuum has 
he appropriate topology*®. They have 
ell-known analogues in condensed matter 
physics: for example, the flux lines formed 
n superconductors. Much as line defects in 
acrystal, they would form a network across 
the whole space. The relevant GUTs pre- 
dict that strings would be formed at a 
temperature of about 10'* GeV at a cosmo- 
logical time of about 10-* seconds and with 
amass per unit length of about 10” kg“, 
In some theories, strings can be formed 
fter a period of inflation. They would be 
Stretched by the subsequent expansion of 
the universe, and waves on a given scale 
would begin to oscillate as that scale 
entered the particle horizon. Whenever the 
string crossed itself, an exchange of 
artners could occur and produce closed 
illating loops of string with long life- 
times’. The gravitational field of these 
oops would cause matter to accrete around 
hem*. Thus these strings could be the 
primordial density fluctuations needed in 
the early universe to explain the eventual 
rmation of galaxies”. One point we wish 
mphasize and show to be of interest is 
at, in such models, small loops are cut off 
ym lengths of string which in turn are cut 
off as larger loops, and so on — in other 
words, the model creates real spatial 
correlation between density fluctuations of 
all sizes, 
‘Until the advent of GUTs and inflation, 
primordial fluctuations were inserted into 
cosmology in a completely ad hoc way. 
With GUTs, a fluctuation spectrum with 
equal power on all scales forms naturally. 
s is thought to be an excellent way to 
produce the distribution of sizes in the 
Universe, However, in the normal gen- 
ation and application of such a spectrum, 
is assumed that there is no spatial 
orrelation between the large-scale and 
small-scale clumps. They each have a 
random probability (random phase) of 
occurring anywhere. On the other hand, 
Strings still produce the same spectrum of 
_ sizes but also enable a correlation of large 
_scales and smiall:scales. 
“Galaxy formation with various forms 





of dark matter has become an extremely 
active area of study'!. From big bang 
nucleosynthesis”? it is known that baryons 
account for less than 15 per cent of the 
critical cosmological density. Observations 
of the dynamics of galaxies suggest that the 
matter clustered with galaxies is less than 40 
per cent of critical density and the lower 
end of the observed range is consistent with 
the baryon limits. Thus the dynamical dark 
matter could be baryons; and some of it 
must be!?-3. There are, however, two 
arguments which drive us to look for other 
candidates. The first is inflation (see Guth 
in ref. 11) and the second is the limit on the 
anisotropy of the 3K background (see 
Usson and Wilkinson in ref. 11). Inflation 
is the only known way of explaining several 
of the otherwise extraordinary initial 
conditions of the Universe. But, barring 
fine tuning, inflation requires a critical 
density for the Universe; thus at least 85 per 
cent of the Universe cannot be baryons, 
and more than 60 per cent of the matter of 
the Universe did not cluster with galaxies. 
From the current limits on the anistropy, 
Vittorio and Silk (in ref. 11) and Bond and 
Efstathiou (also in ref. 11) argue that the 
density of matter in the Universe must be 
greater than the baryonic upper limit. 

To make things even more difficult, it 
has been noted that the spatial correlation 
function of rich clusters of galaxies has 
revealed strong clustering on very large 
scales (up to 150 Mpc)!4. This correlation 
function is about 18 times stronger than the 
spatial correlation function for galaxies’, 
while varying as the same power (~1.8) of 
the spatial separation, r. (The correlation 
function is the excess probability over 
random that an object will be found within 
radius r of another.) It has also been found 
that the largest scales in the Universe seem 
to look filamentary, with large voids and 
large clumps (see Davis in ref. 11). 

Different proposals have been put forth 
to try to solve each problem, but no model 
solves them all as long as it is assumed that 
the primordial fluctuation spectrum has 
random phases. For example, a model 
based on low mass neutrinos produces both 
critical density and large-scale structure 
(filaments, voids and cluster-correlation 
function) but does not account for the early 
formation of galaxies’. Models invoking 
heavy- or slow-moving particles (GeV mass 
photinos, gravitinos, axions or planetary- 
mass black holes) fit the small-scale 
structure, galaxy-correlation function, 
formation times and so forth'*, as well as 
building hierarchically to yield clusters, but 
do not allow critical density to be reached. 
Even hybrid models, with both low-mass 
and high-mass ‘inos’, run into problems 
because the low-mass particles smear out 


the small-scale structure. Some of us have. 
even resorted to invoking heavy particles 
that decay to light ones, but this requires a 
lot of ‘fine tuning’; others (see Bardeen in 
ref. 11) have suggested solutions where”. 
most clumps of matter do not shine as». 
galaxies, thus making galaxies poor tracers 
of matter and negating the relevance of 
observational astronomy. 

A more natural solution may be the non- 
random phases of string models. Indepen- 
dently, Peebles!’ and we have noted that 
non-random phases may help. Such a 
model. yields large-scale filaments and 
voids as the superheavy strings attract 
galaxies and clusters, and gives strong 
cluster-cluster correlations. Recent work'!# 
has also shown that a model based on 
clustering of galaxies about filaments fits 
the higher (3- and 4-point) correlation- 
functions for galaxies as well as the hier- 
archical clustering paradigm. Such a model 
also enables density growth in some areas 
without producing a large universal back- 
ground anisotropy and so could enable 
baryons to be the dark matter on galaxy 
and cluster scales, with non-baryonic stuff 
being a critical density background. 

The degree of random to, non-random 
phases in such models depends on the 
density of strings in space. In the limit of 
space being completely filled with strings, 
the string-picture also gives random 
phases. Even if string densities are large 
enough to randomize phases, their mere ex- 
istence would still alter galaxy-information 
calculations, because the strings, rather 
than the matter, would carry the 
fluctuations, so standard arguments would 
not apply. For example, even if the 
fluctuations are carried by random-phased 
strings, neutrino streaming would no 
longer damp out small scales and so the 
low-mass neutrino model would no longer 
have problems with galaxy-formation 
times. To get the correlation function for 
galaxies to be less than that for clusters 
means that the fluctuations cannot be 
totally correlated, so the string density 
must be moderate. Numerical simulations 
of the motion of strings!® and of their 
spectrum at formation? suggest that the 
number of isolated loops falling inside the 
horizon should be only a few percent of the 
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er either formed i in association with, 
‘or subsequently produced by, the self-in- 
tersection of lengths of strings; perhaps = 5 
per cent of galaxies should be non-isolated. 
(Note that even an isolated string will 
behave differently from a random phase 
initial perturbation and it will be interesting 
to see how N-body simulations of galaxy 
formation are affected.) 

Recently, there has been discussion of 
ways. to observe cosmic strings using 
gravitational lensing effects or to establish 
the part strings may play.in active galactic 
nuclei*+!2, Out of this may emerge direct 


NEWS AND VIEWS 
methods for resolving whether or not 
strings are present in today’s Universe. 
Although much remains to be done to see if 
strings are relevant to galaxy formation, 
they provide an interesting supplement to 
exotic particles and provide cosmologists 
with a mechanism for producing non- 
random phases which totally alter 
traditional proceduresof calculation. © 





Neil Turok is in the Department of Physics, 
University of California, Santa Barbara, 
California 93106, and David N. Schramm is in 
the Departments of Physics and Astrophysics, 
University af Chicago, Illinois 60637, USA. 





- Palaeontology 


‘Consensus on archosaurs sv % 


: from Michael J. Benton 


“OpsCURITY shrouds the origins of the 
--archosaurs, those diverse, scaled and 
feathered forms that include pterosaurs 
and dinosaurs, as well as the living croco- 
diles and the birds. Commonly, each line is 
traced back into a rag-bag group of early 

archosaurs of the Triassic period (208-245 

Myr) called the thecodontians. The archo- 

saurs are thought to have arisen just before 

the Triassic, but the origin and nearest 

relatives of the group have been obscure. 
a Clarity and a radical new concensus on 
some of the issues were the outcome of 
< the 3rd symposium on Mesozoic Terrestial 
- Ecosystems, held at Tübingen, FRG from 
6-10 September; 1984. 

The reason for the remarkable level of 
agreement in a hitherto. obscured area of 
evolutionary biology was that each con- 
tributor applied the techniques of cladistic 
analysis to the relationships of the basal 
thecodontians,.and only then slotted the 
later, well-defined groups into the pattern 
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obtained. Previous analyses had relied 
upon the assessment of general resemb- 
lances and the time sequence of the fossils 
in an attempt to pinpoint ancestors. The 
cladistic technique assumes that it is very 
unlikely (but not impossible) that we shall 
ever find an ancestor, and it concentrates 
on identifying nearest relatives — sister- 
groups — by an analysis of shared derived 
characters. 

The radical new conclusions that were 
reached at the Tiibingen meeting are best 
explained by reference to the numbered 
sequence on the summary tree below. 

(1) The archosaurs form part of a larger 
group, the Diapsida, which also includes 
the living lizards and snakes! (for a dis- 
senting view, see ref. 3). Within the diap- 
sids, the nearest sister-groups to the archo- 
saurs are the rhynchosaurs and the pro- 
lacertiforms'? (J. Gauthier, University of 
California, Berkeley and G. Paul, Johns 
Hopkins University). 
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a A tree © (cladogram) representing the evolution of the archosaurs and based on the consensus of 
ingen meeting. The tree is set against a timescale based onthe known fossil record. 
scale a at ao Mts which gives D emphasis to events in the Triassic. 
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(2) The early Triassic archosaurs:— th 
Proterosuchidae and the Erythrosuchida 
— are much more primitive than all later. 
archosaurs, and are placed as basal sister: 
groups within the Archosauria; the late 
forms split into two major lines, one: 
leading to the crocodiles, the other to th 
dinosaurs (M. Parrish, University. o 
Chicago; Gauthier). : 

(3) The ‘crocodile line’ includes seve 
specialized thecodontian groups of th 
middle and late Triassic: the superfici 
crocodile-like fish-eating phytosaurs, thi 
snub-nosed herbivorous aetosaurs, and thi 
The firs 
crocodiles are known from the late:Tri 
assic. They were long-limbed lightly-buil 
terrestrial forms, that evolved aqua! 
specializations after the extinction of the. 
phytosaurs. 

(4) The dinosaurs, as we currently under 
stand that term, form a monophyleti 
group — that is, they all evolved from. 
single common ancestor, which was a late 
Triassic dinosaur. This important conclu- 
sion was agreed by Gauthier, Paul’ an 
Parish, as well as by D. Norman (Unive: 
sity of Oxford), P. Sereno (Americ: 
Museum of Natural History), and mysel 
Already in the 1970s, several pala 
ogists had suggested that the din 
were amonophyletic group**, but 


sharing a number of derived character 
the limbs that were related to the ani 
particular kind of upright stance (see News: 
& Views, Nature 310, 101; 1984). ae 

(5) More controversially, Gauthier 
K. Padian (University of California, 
Berkeley) argued that the pterosaurs — the 
extinct flying reptiles — were the closest 
sister-group of the Dinosauria. Pterosaurs 
had forearms, bodies and heads specialized 
for flight but their hindlimbs are appar 
ently very dinosaur-like. 

(6) Finally, there was much more 
agreement than seemed possible a year ol 
so ago. (see News & Views, Nature 305; 99; 
1983) on the relationships of the birds. This 
was touched on briefly at the Tübingen 
meeting, but was discussed in greater depth 
at a special meeting devoted to the ‘early 
bird’ Archaeopteryx held in Eichstatt, 
FRG. Nearly everyone now accepts that the 
birds arose from the dinosaurs, and from 
the bipedal carnivorous dinosaurs: (t 
theropods) in particular. There was little 
support for the alternative view that the 
birds sprang directly from the Triassic 
thecodontians, or from a crocodile-like 
ancestor, and the discussion was more 
about which theropod family was most 
closely related to the birds. (Ie 


1. Benton, M.J, Symp, zool. Soc. Lond. $2, 575 (1984). 
2. Evans, SE. Zool, J. Linn. Soc. 82 (in the press). 
3. Gardiner, B.G. Zool. J. Linn. Soc. 74, 207 (1982). 
4. Bakker, R,T. & Galton, P.M. Nature 248, 168 (1974). 
$. Bonaparte, J.F. J. Paleontol. $0, 808 (1976). ee 





Michael J. Benton is in the Department. p; 
Geology, The Queen’s University of. Belfast, 
Bees! BTI INN, Northern Ireland. ~~ 





















































rom Myri F. Beck 


REMEMBER the time when it was thought 
hat the major features of the Earth’s crust 
were riveted in place as securely as armour 
lates on a battleship? It took courage to be 
tectonic theorist, but life may have been 
easier for the quadrangle-mapper. In those 
ays, crustal blocks mostly moved up and 
wn, or perhaps a few tens of kilometres 


‘or’solutions to local geographical prob- 
ems in one’s own backyard. If granitic 
lebris suddenly appeared in a sedimentary 
section, it meant uplift of the granitic 
atholith immediately across the valley. 
ere was no need to complicate life by 
ing any further. 

Even with the advent of early plate-tec- 
‘onic theory the quadrangle-mapper’s task 
as still much the same; unless his map area 
panned.a major suture, the several parts of 
is study area could still be assumed always 
o have been close together, barring a few 
ighly unusual, and geologically easily 
ecognizable, circumstances. But time has 
omplicated this simple picture. In the past 
cade, a combination of geology and 
aleomagnetism has shown that at least 
e orogenic belt (the North American 
rdillera) is a moraine of crustal frag- 
ients, many with oceanic affinities, 
ransported intact from points of origin 
undreds or thousands of kilometres away. 
ecological studies showed that many ad- 
cent Cordilleran crustal blocks are too 
nlike one another in stratigraphy and 
ructural history to have evolved in 
ixtaposition, and that some of these 
stal blocks, or terranes, are wholly 
‘xotic to North America. To settle this 
sue, paleomagnetism has provided 
ramatic evidence of ultra-long-distance 
‘ansport of crustal blocks. 

This. microplate model is familiar to 
any geologists. Orogenesis and the 
growth of the continent are held to have 
been more the result of collision and off- 
scraping of these prefabricated crustal ele- 
ments than of subduction of the oceanic 
plates upon which they rode. The model 
sö holds that, once attached to North 
America, many of these terranes were dis- 
rupted by strike-slip faulting; the resulting 
fragments are now distributed along the 
continent’s edge, placed there by a process 
that might be termed tectonic longshore 
rift. Large rotations about vertical axes 
may occur during this stage. Because 
subduction along the western edge of 
th. America has been north-oblique 
since at least the late Mesozoic, transport 
and rotation in the Cordillera seem to have 
been mostly northward and clockwise, 
espectively. The scale of the process is 


laterally at most, so one naturally looked- 











So you thought mountain 
ranges were complicated 


hotly debated; some pieces of the Cord- 
illeran mosaic are as small as a house, but 
others clearly are at least as large as, say, 
Vancouver Island. 

Nevertheless, it still seems to be true that 
mountain belts are a product of plate 
interaction, and that they are built at plate 
margins, usually at the edge of a continent. 
It should follow that major events in the 
tectonic history of mountain belts reflect 
major changes in the behaviour of plates. It 
should, therefore, be possible to investi- 
gate the nature of orogenic cause-and- 
effect by observing correlations between 
important tectonic transitions in a moun- 
tain belt (as from overthrust to extensional 
faulting) and events along the plate margin 
(as, for instance, a change from rapid to 
slow convergente). 

But a mountain belt is an exceedingly 
complex recorder. Tectonic events over- 
write earlier deformations on the same 
piece of crust without completely erasing 
the earlier record — thereby making both 
records hard to interpret. Also, continental 
crust in an orogenic belt varies enormously 
in thickness, age, and physical properties 
from place to place; it seems hopelessly 
optimistic to assume that the same orgenic 
response will always follow a particular 
plate-tectonic event. The timing of tectonic 
events is a further problem. Such ‘events’ 
last several millions or tens of millions 
of years, and most are complex and pro- 
gressive — that is, they involve several 
geological processes acting simultaneously 
or in sequence. It is hard to know when an 
‘event’ actually starts or stops. Thus, cor- 
relations with plate-tectonic phenomena 
are bound to be difficult to make, and 
often will not be particularly convincing. 

Still more trouble arises because of the 
nature of the record of relative plate 
motions, In the Cordilleran example, three 
oceanic plates (Farallon, Kula, Pacific) 
and one continental plate (North America) 
are involved. According to most plate 
models, direct Pacific~North America 
interaction has been a factor in Cordilleran 
tectonics only for the last 30 Myr or so. The 
chief culprits have been the Farallon and 
Kula plates, of which, respectively, very 
little and nothing remain. We deduce the 
relative motion histories of these two plates 
from what we hope are mirror-image 
anomaly patterns recorded on the Pacific 
plate — thereby putting ourselves explicitly 
at the mercy of the symmetrical spreading 
hypothesis of plate tectonics. Likewise, 
many models make use of the trends of the 
Hawaiian Islands and the Emperor Sea- 
mount chain to deduce absolute motion of 
the Pacific plate. Any inaccuracy in the 








notion that hotspots are fixed relative to 
each other thus transfers directly to our” 
plate reconstructions. Finally, it has re- 
cently been shown that inaccuracies in 
specifying stage poles for finite rotations 
increase with the age of the pole, and may ` 
become quite large. This means that some ` 
of our Mesozoic reconstructions may be 
seriously in error. 

But where was the Kula-Farallon-North © 
America triple junction during the late ` 
Mesozoic and early Tertiary? Since the 
relative motions of Kula~North America 
and Farallon-North America were quite 
different at times, the triple junction ought 
often to have separated regions of 
distinctly different tectonic style. It may 
have moved up and down the coastline 
rather erratically, however. Perhaps the 
geology will help us locate the triple 
junction and thereby improve the plate 
models. The tectonic consequences of 
transferring large exotic terranes from the 
oceanic to the continental crust are poorly 
known; in particular the effect on plate 
motions is uncertain, 

Whether or not the Cordilleran micro- 
plate model can be applied to other moun- 
tain belts remains to be seen. For the pre- — 
sent, pity the poor quadrangle-mapper. No 
longer can he assume that the batholith 
across the valley was there when his sedi- 
mentary section began recording its influx 
of granitic debris; without definite paleo- 
magnetic or geological evidence to the 
contrary, it might instead have been part 
of, say, Sumatra. 3 
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100 years ago 


The Edible Mollusca of Great Britain and 
Ireland. With Recipes for Cooking Them. 
By M. S. Lovell, 

THE primary object of the author is to call 
attention to the qualities and merits of many 
kinds of shell-fish which are as nutritious as 
others which are generally known, but which are 
rarely met with in our markets, or are only used 
locally for food, while the proper modes of 
cooking them are scarcely known. Accordingly 
all the known species of edible shell-fish on our 
coasts are here described in succession. This 
alone would make the volume of great use at a 
time when we are going to the uttermost ends of 
the earth for the sources of our food-supply. But 
when we add that the writer has collected from 
the most varying sources a mass of curious lore 
about shell-fish, their uses, and the mode of 
catching them in various parts of the globe, their 
medicinal properties, the popular superstitions 
about them, &c., it will be perceived that this is 
much more than a work on natural history plusa 
cookery-book, Of all the many uses of snails, 
the strangest perhaps is that discovered by the 
London adulterator. They are much employed, 
the author assures us, in the manufacture of 
cream, being bruised in milk and boiled, and a 
retired milkman pronounced it the most success- 
ful imitation known! 

From Nature 31,124, 11 December 1884, 
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Direct observations of the dopant — 
environment in fluorites using EXAFS 


C. R. A. Catlow’, A. V. Chadwick’, G. N. Greaves’ & L. M. Moroney 
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Calcium fluoride (CaF,), like the important UO, phase, is a defect system having the remarkable prop 
concentrations of trivalent rare-earth dopants can be accommodated within its structure with no loss of stru 
Using extended X-ray absorption fine structure (EXAFS), we have observed the way in which the local structu 

- of the impurity alters with the size of the rare-earth ion and can distinguish, by computer lattice simulation studies, 
z dimer and hexamer configurations for light and heavy dopants, respectively. 

















THE Structural properties of anion-excess CaF, have been inten- 
¿sively investigated during the last 20 years. Many of the most 
important problems in the study of non-stoichiometry are raised 
by these systems which have simple structures and for which 
well characterized samples are available. Diffraction has been 
used previously to study the more heavily defective alkaline 
earth fluorides but is inherently limited when applied to dis- 
ordered solids as it provides only average structural infor- 
mation. In contrast, extended X-ray absorption fine structure 
(EXAFS), which yields information on the local structural 
‘environment of individual atom types'’, is uniquely able to 
istinguish between the complex defect cluster structures pro- 
posed for the phase. 

“The rare-earth trifluorides are highly soluble in the alkaline- 
earth fluorides. The fluorite structure, typified by CaF), can 
readily accommodate F interstitials which compensate for the 
charge due to substitutional trivalent dopants. The structure can 
be easily visualized as. a simple cubic array of anions with half 
the cube centres occupied by cations; the remaining vacant 
cubes provide the interstitial sites, as illustrated in Fig. la. 

For low dopant concentrations (<0.! mol %), it appears that 
dopants are isolated and that their charge-compensating anions 
occupy the adjacent cube-centre sites forming nearest-neighbour 
pairs’. As the dopant concentration increases, evidence from 
laser spectroscopy’ and neutron diffraction®® suggests that 
dopant aggregation occurs, forming clusters with two or more 
substitutional rare-earth ions and their accompanying interstitial 

c, Fions. Various cluster structures have been envisaged containing 
Qa dopanti ions, and their relative stabilities calculated by lattice 
simulation”. One. cluster involving a pair of dopants is shown 
in Fig. 1b. Stability is-achieved by relaxations of the dopant and 
interstitial F ions in a (110) direction, towards the central cube 
edge, accompanied by a relaxation of the nearest pair of lattice 
anions. outwards, in the (111) direction. The structure is 
catalogued as a 210 |2|2; cluster. This designation uses a system- 
atic notation for clusters of the type i{v| piq., in which i denotes 
the number of substitutional dopant ions, v the number of 
vacancies, p the number.of relaxed lattice ions and q the number 
© of interstitials in nearest-neighbour sites (for which r=1)*. 
Recent calculations predict. that this cluster will readily trap a 
free interstitial fluoride ion, to form the relatively more stable, 
negatively charged 2/0|2/3, cluster (Fig. Ic). The early neutron 
diffraction work of Cheetham et al” on Y-doped CaF, found 
_ -evidence for the low-symmetry interstitial configuration predic- 
‘ted by the 210|2|2, model. The more recent diffraction work of 
atlow et al” supports the formation of the 2|0|2|3, in La-doped 
7 - However, several workers have suggested the formation 
rger cubo-octahedral clusters'”'': Figure Id shows the 
1816: (Dy cluster, which the calculations show to 















‘be the most stable of the clusters containing six dopant ions. 





The fluorite structure 
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Fig. 1 a, The fluorite structure. b, The. 2/0|2/2, dopant dime! 
cluster. c, The 2/0/2/3, dopant dimer cluster. The arrows show the: 
postulated relaxation pathways of the lattice F ions. d, The 
6(0/816,(111) dopant hexamer. (Five of the six lanthanide dopants, 
and four of the F interstitials, sited opposite the edges of the central | 
cube, are drawn in d. The arrows show how a 45° rotation of the: 
central cube faces, followed by an outward relaxation, will generate’ 

8 of the 14 F interstitials. 


Detailed calculations of the relative energies of the diffe 
clusters discussed above revealed that the stability of: t 
hexameric cluster, compared with that of the smaller. d 
dimers and tetramers, increased markedly as the dopant i 
radius decreased. Thus, at the high Z end of the lanthani 
series, simulations predicted that the larger hexameric cluste’ 
will predominate. On the other hand, at the low Z end of the 
series, calculations suggested that no one particular cluster- 
dimer or hexamer—is preferred; the larger hexameric: clust 
should become the preferred structure at Gd in the series whe 
the radius has dropped to 1.05 A (ref. 8). 

Some support for a change in cluster structure with: do 
radius has been found in the neutron diffraction studies®” whi 
show significant differences between interstitial structures 
La-doped CaF, and Er-doped CaF,. However, as noted, diff 
tion gives only average structural information; EXAFS, on 
other hand, provides information on the local environ 
the dopants and should give direct evidence for such a ch: 
in cluster structure. Furthermore, detailed. structural 









istances in Ln/CaF, structures 














RD from Debye-Waller Simulation 
EXAFS factor g” RD 
Type (A) (A?) (A) 






















































2.40 0.014 2.40 

! Nd 3.97 0.013 3.79 
I Ca 3.91 0.024 3.87 
1 F 4.18 0.005 4.05 
24 F 4.50 0,028 4.53 
6 Ca 5.45 0.026 5.46 
24 F 5.95 0.030 5.95 
24 Ca 6.69 0.035 6.69 
9 F 2.35 0.011 2.35 
! F 3.32 0.007 3.45 
8 Ca 3.93 0.016 3.83 
2 F 4.12 0.007 4.05 
4 Er 4,21 0.023 4.05 
2 F 4.54 0.034 4.55 





Comparison of radial distances (RD) obtained from fitting: a, the 
d/CaF, data to the 2/0|2|3, cluster configuration, and b, the Er/CaF, 
ata to the 6|0|8|6, cluster configuration, with the corresponding dis- 
nees predicted by computer simulations. 


‘om: computer simulations are especially useful in interpreting 
EXAFS of these disordered crystalline solids. 


XAFS spectra 


gure 2 shows the EXAFS spectra for the Cag olny Fz, series; 
s an element in the rare-earth series La to Yb. In traversing 
is series, the frequency of the EXAFS oscillations decreases 
d the shape of the fine structure is modified: in particular, 
é shoulder on the peak around 50 eV shifts to lower energies, 
shoulder appears on the high-energy side of the peak around 
eV and the feature at 125 éV disappears. Qualitatively, the 
| structural environments of Gd-Yb in CaF, are essentially 
same but differ from those displayed by La-Nd. Thus, the 
AAFS data support the predictions of the computer simula- 
of a change in preferred structure about midway across 
lanthanide series. 
By taking the Fourier transform of the experimental data, it 
possible to obtain a distribution function, similar to a radial 
stribution function, for the atoms surrounding the rare-earth 
*. The difference between the two types of local structure 
unding the rare-earth defects can be seen in Fig. 3, where 
Fourier transforms of Nd/CaF, and Er/ CaF, are compared 
that,of Ca in CaF). All three distributions display three 
te peaks in the range 0-5 A. Whereas the structure sur- 
iding Ca persists out to 10 and 11 A, that surrounding the 
arth dopants. is less extensive. Nd displays some features 
yond 5 A at similar distances to those in CaF, but the atomic 
nment of Er is less well ordered, The histograms in Fig. 
sent the radial distributions of atoms surrounding dopants 
he most stable clusters predicted by the lattice simulation 
dies’ compared with that surrounding Ca in CaF,. In all 
ee environments, there are predominantly three shells in the 
ge 0-5 A which can be used to identify the peaks in the 
erimental EXAFS atomic distributions: 8 or 9 fluorines at 
A, 11 or 12 cations (Ca/Ln) at ~4 A and a further 20-24 
orines at ~4.5. A It is immediately obvious from Fig. 3 that 
aks for the. second and subsequent shells of neighbours 
EXAFS distributions are much weaker for Nd and Er 
for Ca. For shells with similar atomic weighting, there can 
le doubt. thatthe local fluorite lattice is considerably 
torted by the presence of rare-earth dopants. 


lectron phase shifts 


central problem. in calculating the EXAFS of a postulated 
Pectrum is to obtain accurate estimates of the phase shifts of 
the photoelectrons. These are functions of the photoelectron 
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Fig. 2 The lanthanide, Lanolin), EXAFS for the series 
Cay oLng F31- Single crystals of CaygLng,F., were grown from 
4N-purity powder LnF, (Rare Earth Products Ltd) and CaF, using 
a modified Stockbarger technique". The rare earths used were 
Ln= La, Pr, Nd, Gd, Tb, Dy, Ho, Er, Tm and Yb. Portions of the 
single crystals were ground to a fine powder using a micronizing 
mill, then mixed with powdered polythene and pressed in a 13 mm 
die to form coherent pellets. The ratios of sample to polythene 
and pellet thicknesses were calculated so as to yield an absorption 
ratio, In (1/1), of 1.20 at the energy of the rare-earth ion's Lna(i) 
absorption edge. The X-ray energies of the lanthanides used cover 
the range 5.49-8.95 keV. The EXAFS measurements were per- 
formed at room temperature in transmission mode, using the 
EXAFS station 7,1 on the SERC Synchrotron Radiation Source 
(SRS) at Daresbury. The SRS ran at 2 GeV with a typical beam 
current of 100 mA. An order-sorting two-crystal monochromator 
was used. Data analysis was carried out using the EXAFS program 
package on the Daresbury Laboratory NAS 7000 computer. 


wave vector k (the momentum of the photoelectron ejected in 


the absorption process), and are related to the normalized 
EXAFS (x) by the expression: 


x(k) =F A (k)| fl sin (2KR, +p) (1) 
3 


where each of the j shells of neighbours contributing to the 
EXAFS pattern has an amplitude term, A, depending: pre- 
dominantly on the number of atoms in that shell: R; is the 
distance from the central atom to the atoms in the jth shell; 
and 4 is the total shift in phase imparted to the escaping 
photoelectron wave in passing through the atomic potentials of 
the central atom and the jth shell atoms. The amplitude function, 
[fl], describes the effectiveness of the ‘atoms in the jth shell in 
backscattering photoelectrons of different momenta and can be 
calculated from the phase shifts'*'’. Thus, to determine the 
atomic positions accurately, it is necessary to obtain reliable: : 

phase-shift functions over the entire energy range of the EXAFS... 
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Fig. 3. Fourier transforms of the experimental data of: a, K edge 

of Ca in CaF,; b, Ln(im) edge of Nd in Cay oNdo F31; ¢, Lou) 

edge of Er in Cap 9Ery,,F2,,. Also shown are histograms depicting 

the radial distribution function of the three cations for CaF,, and 

the computer simulations of the 2/0|2|3, cluster for Nd/CaF, and 
the 610|8|6,(111) cluster for Er/CaF). 


spectrum. In the simplest case, the total phase shift for a par- 


ticular atom pair (for example, Ca and F) can be obtained 


rica ng model compounds for which the local 
geometries are known'®. Alternatively, multiple phase shifts can 
be calculated for individual atoms'*. The main advantage of 
“using calculated phase shifts is that the EXAFS of postulated 
structures can be calculated ab initio using the spherical-wave 
approximation, which is particularly important in analysing 
EXAFS spectra, such as for the fluorites measured here, where 
the energy range of discernible fine structure (0-400 eV) is 
“limited. The principal disadvantage, however, is that the 
chemical components in the phase-shift functions are difficult 
to reproduce precisely. For example, phase shifts for Ca in a 
metallic environment will be slightly different from those in an 
ionic environment and the difference is difficult to calculate 
realistically from first principles. 

For these reasons, we have taken calculated phase shifts as 
starting parameters and have used least-squares methods to 
adjust their magnitude and k-dependence until the best fit to 

“the experimental data for several model compounds is achieved 
(N. Binsted and L.M.M., in preparation). The structural stan- 
dards chosen were CaF, Er,O, and LaF, in which the cations 
are in. similar electronic and chemical environments as the 
samples. Figure 4 shows the experimental data (weighted by k? 
to enhance the oscillations at high energy) and the calculated 
EXAFS obtained using these phase shifts and the appropriate 
coordination: numbers. The analysed shell radii for neighbouring 
atoms up to 5 A from the central atom agree with crystallo- 
graphic values to better than 0.03 A. All three spectra display 
the characteristic complex beating indicative of the contribution 
to the EXAFS of many shells of neighbouring atoms, as can be 
seen in the Fourier transform of the CaF, data (Fig. 3a). 













Lattice simulations 


. To test whether the observed transition in the lanthanide EXAFS 

ries presented in Fig. 2 corresponds to a change from a dimer 

a hexameric cluster, we have calculated the theoretical fine 
ucture profile expected for the different structures. 

- us simulations®’ predict that the distance from the 

on to its nearest fluoride neighbours is less in the 


















































Fig. 4 Fits to structural 
standards for a, CaF,; 

b, LaF;; and c, Er,O3. 

——, Experimental data 

with k’ weighting; ---, 
theory. All fits give the Ps 
correct radial distances 7 
to within 001Å for > 
neighbours out to 4.5 A. Z 
Subsequent radial dis- 
tances are within 0.15 Å 

of the correct distances. 

This discrepancy can be 
attributed to multiple 
scattering and core-hole 

relaxation effects, 




















hexameric clusters than in the smaller aggregates. This m: 
the driving force for the smaller lanthanides at the high 
weight end of the series to form these larger clusters. 
difference between the computed cluster structures lie: 
second shell consisting of 12 Ca ions for pure CaF,; fo 
dimeric clusters the second shell has 11 Ca ions and 1 rare-e; 
ion, whereas for the hexamers, 4 out of the 12 cations are 
ions (Fig. 3). 
Nd/CaF, and Er/CaF, exemplify the two types of EXAFS 
observed across the rare-earth series (Fig. 2). Figure 5 sho 
the k°-weighted spectra for each: note that the fine structure 
less detailed than for CaF, (Fig. 4), which is symptomatic s 
the increase in disorder introduced into the lattice by the pre 
ence of the dopant rare-earth cations, as noted before whe 
Fourier transforms were compared. 
In analysing the Nd/CaF, and Er/CaF, spectra, we-obs 
a shortening of the first-shell radius. Figure 6 shows the inver 
Fourier transform of the filtered first peak of each spectru 
The frequencies are clearly different. The Er/CaF, spectrum has 
the lower frequency and hence the shorter first-shell radius. The 
Ln-F distances determined using the corrected phase shift 
2.40 A and 2.35 A for Nd/CaF, and Er/CaF,;, respectively. 
first-shell radii predicted by lattice simulation calculation 
sist of 10 fluorines at 2.40 A for the dimeric 2|0(2|3, cluster a 
9 fluorines at 2.35 A for the 6/0|8/6,(111) cluster. ae 
The second important difference between the dimeric. 
hexameric clusters is in the second shell where there are: 
Ln and 11 Ca for dimers but for hexamers there are 4.Ln | 
8 Ca. The amplitude of the backscattering factor for Ca is qu 
different from that of Ln so different occupancies of the ca 
shell around 3.9 A will result in different fine structure. We fin 
that this is indeed the case and is responsible for most. of th 
differences between the measured spectra. Further evidence i 
support of larger rare-earth ions preferring smaller clusters is 
the enhanced contribution to the EXAFS from the third-sh 
F ions in the case of the Nd/CaF, spectra. The peak at ~4:5 
in the Fourier transform is larger for Nd/ CaF, than for Er/ aF; 
this is expected as larger clusters cause longer-range disord 
with a concomitant increase in the variance of the value ol 
radial distance. This is reflected in an observed inc 





Nd/CaF, 








Er/GaF, 


























The k?-weighted Ln(111) EXAFS of: a, CaggNdy Fz, and 
b, Cag oEty {Fx}. The broken line shows the calculated EXAFS 
; obtained using the parameters listed in Table 1, 


/CaF,, of the Debye-Waller factor (see Table 1). This term 
ntributes to A (equation 1) and accounts for loss of amplitude 
to static as well as any thermally induced disorder. 
dashed curves in Fig. 5 demonstrate how the detailed 
rences between the dimer and hexamer cluster structures 
uce the observed differences in the EXAFS spectra of Nd 
t-doped CaF,. The theory reproduces the changes in 
ure of the peaks around 50 eV and 150 eV, including the 
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Fig.6 A comparison of the Fourier-filtered first shell of F neigh- 
bours for Ln(i) EXAFS of Cag 9Ndo,F,, (———) and 
Cao 9Ery F3; (- - -). 


minimum around 140 eV. The fine structure between 200 and 
300 eV is also accurately reproduced for the two structures. 
Details of the coordination number, shell radius and Debye- 
Waller factors are given in Table 1. Our results are in good 
agreement with the lattice simulation calculations. However, the 
accuracy in determining the radial distance to shells containing 
only one or two atoms is less than for shells having higher 
occupancies, owing to the smaller contribution of the former to 
the total spectrum. Lattice simulation calculations predict that 
the stabilization of the different clusters in the lighter lanthanides 
is very similar, leaving the possibility that. a mixture of different 
clusters could be formed. Certainly, returning to Fig. 2, there ~ 
are some small differences in the measured EXAFS amongst ` 
the La, Pr and Nd spectra, but the analysis of the Nd EXAFS 
spectrum (Fig. 5a and Table la) suggests that the presence of 
aggregations larger than the dimeric cluster is unlikely for the 
lighter lanthanides. Differences between the spectra for the 
heavier lanthanides are more subtle, in accordance with the 
greater stability of the hexameric cluster predicted by the calcu- 
lations. 

We thank the SERC for a grant (GRB/57484), the Director 
and Staff of Daresbury Laboratory for the provision of syn- 
chrotron radiation and associated facilities, and N. Binsted at 
Daresbury for expanding the EXAFS data analysis codes. 
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introduction into lymphocytes of immunoglobulin-gene DNA that has been manipulated in vitro allows the production 
novel antibodies, In this way, cell lines have been established that secrete hapten-specific antibodies in which the Fc 
tion has been replaced either with an active enzyme moiety or with polypeptide displaying c-myc antigenic determinants. 









NOCLONAL. antibodies. secreted by hybrid myeloma cells! 

e used extensively both as diagnostic reagents? and in therapy’. 

Recent techniques allowing the. stable introduction of 

Aimmunoglobulin-gene DNA into myeloma cells*-* make it poss- 
le to use in vitro mutagenesis and DNA transfection to produce 





recombinant antibodies possessing novel properties. In par- 
ticular, chimaeric proteins in which the antigen-binding portion 
of the immunoglobulin is fused to an enzymatic moiety could 
be of use in immunoassays. Furthermore, the chemical coupling © 
of toxins to cell-specific antibodies has been advocated as: 












































o Fig- t- a, Structure of plasmids. Thin horizon- 
tak Hnes, pSV2gpt vector; thick lines, 
“immunoglobulin-gene DNA; boxes, exons; 
hatched box, S. aureus nuclease coding region. 
The locations of the heavy-chain locus tran- 
scription enhancer element (©) and the gpt iws © 
gene are indicated. Restriction endonuclease 
cleavage sites: R, EcoRI; Xh, Xhol; S, Sach; 










Sall to an Xhol site. The sequence is presented 
around. the Xhol site of plasmid pSV- 


Vue ySNase, which forms the junction of the pSV -V, mere 
. y2b Cy2 exon and the SNase gene. b, Predicted y 
structures of the anti-NP antibodies whose we © 


heavy chains are encoded by the plasmids in a. 
Disulphide linkages (~S-) between heavy (H) 
and light (A) chain are indicated.. Only one r i 
bivalent subunit of the decavalent pSV-Vyl- 
encoded IgM is illustrated. 
ae Methods: In‘all three plasmids, the Vyp exons 
“are contained on a common EcoRI fragment 
`> and the vector is the BamHI- EcoRI fragment 
cof pSVlept (ref. 12) with an Xhol adapter in 
“the: BamHI . site. pSV-Vypyd contains an 
es EcoRI-Sacl and pSV-ViipySNase an EcoRI- 
XhoI mouse Cy2b fragment derived. from i i 
“phage AMYG9 (ref. 13). Thus pSV-Vxpyé con- 3 R 
tains the y2b Cyl and hinge exons whereas 
pSV-VnpySNase also contains the 5’ end of the 
Cy2 exon. The mouse Cs, exon of pSV-Vxpyd 
is contained in a BamHI fragment of phage 
Ch257.3 (ref. 14) which was obtained as a SacI- 


Vee 


Sall fragment after subcloning i in Mi3mpl!. The SNase coding region derives from an M13mp8 clone containing a ‘Sau 
S. aureus DNA inserted in the BamHI site; this clone was isolated from an M13 library by antibody screening (R.O.F., u 
The DNA encoding the five amino acids linking the y2b C,,2 domain and SNase derive from the SNase leader. sequen R 
SNase gene from the M13mp8 clone as a BamHI- Sal] fragment and recloning in M13mp12W (ref. 15) allowed its isolat n 


Tagen for final assembly of pSV-VupySNase. 





technique in chemotherapy’; antibody fusions containing 
` eytotoxic carboxy-terminal moieties could be exploited in this 
area. 

Myeloma cells provide an attractive system for the production 
of chimaeric antibodies, as such cells are specialized in the 
synthesis and secretion of large amounts of immunoglobulin. 
However, at present, we do not know whether chimaeric anti- 
bodies can be secreted by a myeloma cell nor whether an 
antibody/enzyme fusion. will retain both antigen-binding and 
enzymatic. activity. We describe here experiments to test the 
feasibility of making recombinant antibodies in myeloma cells. 








Reconstitution of hapten-specific antibody 


We have described previously’ the construction of plasmid 
_ pSV-Vul which includes a complete mouse immunoglobulin u 
gene cloned in the expression vector pSV2gpt (Fig. 1). The 
immunoglobulin u polypeptide encoded by this plasmid has a 
heavy-chain variable region, Vu, characteristic of A 1 light chain- 
bearing mouse antibodies. that are specific for the hapten 4- 
hydroxy-3-nitrophenacetyl (NP); NP binding should therefore 
occur following association of the pSV-Vyl-encoded heavy chain 
with mouse: I light chains. To confirm this, pSV-Vul DNA was 
introduced by spheroplast fusion into J558L, a mouse plas- 
macytoma expressing Al but producing no heavy chain’. Stably 
transfected cells were selected as described in Fig. 2 legend and 
were cloned by limiting dilution. Twenty clones were analysed 
by radioimmunoassay and each secreted high levels of an NP- 
specific IgM antibody (data not shown). Homogeneous anti- NP 
IgM. antibody can be purified from supernatants of pSV-Vypl- 
transfected clones with a yield of about 3 mg 17! (Fig. 2). 







secretion of F(ab’),-like antibody 
: To test whether deletion of the Fc portion of the heavy-chain 
e results inimpaired antibody synthesis or secretion, a deriva- 


and S1/Xh, a sequence formed by joining a i r 
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the u-chain constant region (C, ) were replaced by the Cy 
hinge exons of the mouse y2b gene. To provide tran 
termination and polyadenylation sequences, an exon; 
derived from the gene encoding secreted mouse ô chains, wa 
placed at the 3’ end of the gene (Fig. 1). The plasmid containin 
this truncated heavy-chain gene, pSV-Vxp yd, would be expecte 
to direct the synthesis of a F(ab’),-like molecule consisting o 
two 1gG2b Fab molecules disulphide-linked via the y2b hin 
and with a 21-amino acid tailpiece at the carboxy-terminu 
encoded by the Cs, exon. 

Plasmid pSV-Vxypyé was transfected into J558L cells an 
radioimmunoassay revealed that the stably-transfected ce 
secreted high levels of Al-bearing anti-NP antibody. This N 
specific antibody was purified from culture supernatants © 
several transfected clones with a yield of 5-10 mg 1~°. roe 
lamide gel electrophoresis of the purified material in n 
reducing conditions (Fig. 2¢) reveals a major protein specie o 
relative molecular mass (M,) ~110,000, which agrees well:wii 
the predicted M, of a F(ab’},-like molecule. Minor bands of M, 
~ 50,000 are also observed which may be from Fab’ molecu 
On reduction, a band co-migrating with A light chain and sever 
polypeptides of higher M, are detected; the major band among 
these has an M, of 31 000 and could constitute the heavy chain 
of the F(ab’),-like antibody. : 

The minor antibody heavy-chain components do not reflect 
glycosylation heterogeneity, because the electrophoretic 
mobilities of the pSV-Vxpyd-encoded heavy-chain bands’ are 
unaffected by inclusion of tunicamycin in the incubation 
medium during biosynthetic labelling experiments (Fig. 26). As. 
the protein samples analysed were purified on antigen columns, 
it is likely that the minor species differ from the F(ab’), antibody 
in the carboxy-terminal portion of the heavy chain, possibly as: 
a result of alternative processing of pSV-Vxpyé transcripts 

Nevertheless, it is clear that F(ab’),-like anti- NP antibody. ca’ 
be synthesized and secreted in high yield by pSV-Vxp-yé-tran: 
fected J558L cells: This agrees with previous observations? t at 












Fig 2. SDS-polyacrylamide gel elec- a 
trophoresis of anti-NP antibodies secreted by 
JS38L transfectants. a, Purified antibody 
{30 .g) boiled with 2-mercaptoethanol before 
electrophoresis and stained with Coomassie 
blue; b, biosynthetically labelled antibody ana- 
lysed after reduction. Samples purified from 
eélis labelled in the presence of tunicamycin 
-are indicated (Tm): c unreduced antibody 
(30 pg) purified from culture supernatants. 
Methods: J558L cells stably transfected with the 
¿pSV plasmids were obtained by spheroplast : 
fusion and selected essentially as described pre- # 

< viously? except that hypoxanthine-aminop- 
terin-thymidine was omitted from the selective 
medium and mycophenolic acid was used at 
Sg m”, as described by Oi et al". Transfec- 

tion frequencies of 10°* to 10°? were obtained: 

“dn all cases, cells were cloned by limiting dilu- 
tion. Antibody samples were purified from 
supernatants of J558L transfectants grown in d 
Dulbecco’s modified Eagle’s medium contain- 

ing 10% fetal calf serum. Supernatants (21) 
were passed over 2-ml columns of 4-hydroxy-5- 
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Fig: 3 Assay for nuclease activity. Single-stranded M13 DNA 
{2 ug) was incubated at 37 °C for 30 min in 25 mM sodium borate, 
C250 mM NaCl, 10 mM CaCl, pH 8.5 (20 pl) containing various 
-amounts of Vyp ys or VypySNase antibody or of purified S. aureus 
nuclease. The quantities of antibody/ enzyme used are in ng. DNA 
nthe samples was then analysed by ethidium bromide fluorescence 
after electrophoresis through a 1.2% agarose gel. A HindIII digest 
f phage A DNA provides size markers. Ca’*-dependency of the 
nuclease activity was confirmed by running incubations in the 
oe presence of 40 mM MgCl, and 25 mM EGTA. 


monovalent recombinant Fab-like molecules can be secreted by 
transfected myeloma cells. 


As a novel activity to fuse to the antibody heavy chain, we chose 
th nuclease from Staphylococcus aureus, selected because it is 
a secreted enzyme active as a monomer, contains no thiol 
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iodo-3-nitrophenacetyl-aminocaproic Sepharose (NIPcap-Sepharose) and antibody was eluted from the washed sorbent with | mM NIPcapOH 
phosphate-buffered saline. Biosynthetically-labelled antibody was purified on 40 ul NIPcap-Sepharose columns from supernatants of cells 
incubated for 4 h at 37 °C in medium containing L-**S-methionine. Tunicamycin (8 ug ml”) was, if required, included during a 2-h preincubation 
‘aswell as during the labelling itself; parallel incubations with an IgE-secreting cell line confirmed the efficacy of the drug. Reduced samples 
ere analysed on 12% polyacrylamide gels and 7% gels were used for unreduced samples. 


residues and can easily re-fold after denaturation’. A DNA 
restriction fragment containing the S. aureus nuclease (SNase) 
gene was inserted into the Xhol site located in the Cu2 exon 
of the mouse y2b gene. Plasmid pSV-VxpyS Nase was assembled 
as described in Fig. | legend; the heavy-chain gene of pSV- 
VneySNase is similar to that of pSV-Vxpy6 except that the Cô, 
exon has been removed and replaced by an exon containing the 
first five codons of the y2b C2 exon fused in phase to the 
nuclease-coding region. Simian virus 40-derived sequences of 
the pSV2gpt-derived vector provide polyadenylation signals. 
J558L cells were transfected with pSV-VapySNase and cells 
surviving in selective medium were cloned by limiting dilution. 

Radioimmunoassay of supernatants of cloned transfectants 
revealed that about one-third were positive for the production 
of A-bearing anti-NP antibody. Positive clones yielded l- 
10 mg 17’ of NP-binding antibody. Analysis of biosynthetically- 
labelled antibody by gel electrophoresis reveals a band co- 
migrating with Al light chain as well as two heavy-chain bands 
of M, 45,000 and 46,000 (Fig. 26). The difference between these 
two heavy chains has not been identified but their mobilities 
agree well with the predicted mobility of the Vypy-SNase heavy 
chain. Although the sequence Asn-Asn-Thr is present in SNase, 
the two VxpySNase heavy-chain bands are still present in 
samples purified from supernatants of cells that have been 
biosynthetically labelled in the presence of tunicamycin (Fig. 
2). This demonstrates that the difference between them is not 
due to N-linked glycosylation. The VupySNase antibody seems 
somewhat more heterogeneous on a non-reduced gel, giving 
bands with the expected mobilities of both the F(ab’).~SNase 
and Fab-SNase. The presence of SNase on the heavy-chain 
carboxy-terminus might inhibit disulphide linking of the y2b 
hinge regions. 


Enzymatically active Fab-nuclease 


To test for nuclease activity in the VupySNase preparation, 
samples purified on hapten-Sepharose columns were incubated 
with single-stranded DNA substrate. Digestion of the DNA was 
monitored following agarose gel electrophoresis. VupyS Nase 
but not Vwpyô antibodies show nuclease activity and this 
activity, like that of authentic S. aureus nuclease, is dependent 
on Ca** but not Mg’* ions (Fig. 3). As judged on a molar basis, 
the catalytic activity of the VupySNase sample is ~10% that of 
authentic $, aureus nuclease. 

The VpySNase antibody can be used as a genetically conju- 
gated enzyme-linked antibody in enzyme-linked immunosorbent 
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“Fig: 4.) Use of VypySNase antibody in ELISA-type assay. Poly- 
vinyl microtitre plates were coated with 40 pg ml~! (NIP) z9-bovine 
serum albumin (BSA). After blocking unreacted sites with BSA, 

< | dilutions of VapySNase or Vnpyô antibodies were incubated in 
the wells: ng of antibody incubated in each well are indicated. 
“> After washing off unbound material, a solution (40 yl) containing 
SOT pg M13 single-strand DNA and I pg ml” ! ethidium bromide in 
- pH8.5 buffer (see Fig. 3 legend) was added. The plate was photo- 

graphed after 1 h incubation at 37 °C. 


assays (ELISAs). Antigen-coated plastic plates were incubated 
with various amounts of VypySNase protein and bound anti- 
body was then detected by its nuclease activity, by adding to 
the plate a solution containing DNA and ethidium. bromide. 
Foliowing digestion of the DNA substrate by the immobilized 
VweySNase antibody, the fluorescence due jo the 
< DNA/ethidium bromide complex substantially decreased. Con- 
centrations of ~ 10 ng VupySNase antibody are detected easily; 
no decrease in fluorescence is obtained with the Vypyé antibody 
i „control (Fig. 4). The assay may be made at least 10-fold more 
‘sensitive by increasing the incubation time with the DNA sub- 
strate. 







Secretion of Fab—myc 


As discussed above, the nuclease is an attractive moiety to fuse 
toian antibody because of its stability, ease of renaturation and 
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Fig. 5 a, Structure of pSV-Vypymyc; b, analy- 
sis of affinity-purified Vypymyc on 10% SDS- 
polyacrylamide gel. The protein was reduced 
before electrophoresis and stained sub- 
sequently with Coomassie blue. 

Methods: The structure of pSV-Vxpymyc is 
identical to that of pSV-Vxpyd except that the 
pSV-Vxp v5 Sacl-Xhol fragment containing the 
Cs, exon has been replaced by a Sacl-Bgill 
fragment containing the 3’ exon of mouse c- myc. 
The restriction site marked Bg/B is formed by 
joining the BglIl site at the 3’ end of c-myc to 
the BamHI site of pSV2gpt. The c-myc fragment 
comes from phage AMYG2, which contains the 
-translocated c-myc gene of mouse plasma- 
cytoma X63Ag8 (ref. 13). 
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Fig.6 Assay for c-myc antigenic determinant in Fab- myc. Mon: 
clonal anti-c- mye antibody CT14-G4.3 (gift of G. Evan) was coate 
(10 pg mi7') onto polyvinyl microtitre plates and unoccupied sit 
were then blocked with BSA, Varying concentrations of eithe 
anti-NP Fab-myc (Ml) or F(ab’), (@) were incubated in the wel 
and, after washing, bound anti-NP antibody was detected 
developing with radioiodinated monoclonal anti-idiotope antibody, 
Ac38. The Ac38 antibody (gift of M. Reth and K. Rajewsky) 
recognizes the variable region of the anti-NP antibodies’*. Controls 
performed with Ac38-reactive monoclonal IgM, IgD and IeD 

antibodies (200 pg ml~') gave less than 400 ¢.p.m. 


lack of thiol groups and the fact that it is itself a secreted p 
We therefore decided to fuse the carboxy-terminal p 
the mouse oncogene c-myc to the antibody Fab to 
generality of the approach. The product of the c-myc. g e 
protein which contains many thiol groups and normally ex 
in the cell. There is no reason to believe that the third: 
c-myc on its own will encode a functional protein domai 
if the Fab-myc fusion protein were secreted by the cell, not« 
would it provide a source of protein for making anti-myc | 
sera, but also it would allow us to assess the general feasi 
of secreting chimaeric antibodies. 
Plasmid pSV-Vnpymyc was assembled as described in Fig. 5 
legend; the plasmid is similar in structure to pSV-Vyp'yô excep 
that the Cs, exon is replaced with the 3’-terminal exon of th 
mouse c-myc gene. This c-myc exon encodes 187 amino. acid: 
and should provide the transcription polyadenylation signal 
The plasmid was transfected into J558L and cells from wells 
positive for production of anti-NP antibody were cloned by 
limiting dilution. Hapten-binding protein was purified: fro 
culture supernatants and analysed for the presence of ¢- 
antigenic determinants in an indirect radioimmunoassay 
Samples of either the putative Fab-myc or the anti-NP F(ab! 
(to act as control) were incubated in wells of a polyvinyl mi 
titre plate that had been coated with a monoclonal anti-c-my 
antibody; bound anti-NP antibody was then detected using a 
radioiodinated monoclonal anti-idiotope antibody which re 
cognizes the Fab portion of the anti-NP antibodies. 
The Fab-myce clearly binds to the monoclonal anti-c 
antibody, whereas the anti-NP F(ab’). and other controls 
not (Fig. 6). The Fab-myc was also recognized by two othe 
monoclonal antibodies specific for the carboxy-terminal end o 
c-myc (data not shown). SDS- polyacrylamide gel elec. 
trophoresis (Fig. 5) of the Fab-mye reveals that it is somew. 
heterogeneous; a band co-migrating with Al light chains an 
several bands with a higher M, of 38,000-55,000 are observed 
without a single dominant heavy- -chain band being apparent 
The expected size of the Fab-myc is M, 50,000. We hav 
observed that, after prolonged storage, precipitates appear 
the Fab-myc sample and SDS-polyacrylamide gel elec 
trophoresis reveals more extensive heterogeneity of the heavy: 
chain bands. We therefore believe that the heterogeneity of th 
Fab-myc protein indicated by the SDS-polyacryla nide 
analysis may be caused by proteolytic degradation 




















Conclusion 
Myeloma. cells can synthesize and secrete active recombinant 
antibodies. The Fab-nuclease is secreted in good yield, retains 
enzymatic activity and is a stable protein. We have shown how 
such an antibody/enzyme fusion protein can be used in 
immunoassay and it is clear that analogous recombinant anti- 
odies could find application in other fields. The results obtained 
with the Fab-mye construct suggest that although it may be 
possible to drive secretion of a large variety of different substitu- 
tions of the Fc portion, problems may be encountered with the 
stability of the resultant protein; in this case it is probable that 
he c-myc-encoded part of the antibody is unable to fold as a 
protein domain. Nevertheless, the fact that c-myc antigenic 
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determinants are clearly displayed by the Fab- myc protein 
suggests that this:might be a valid approach to the preparation 
of antisera against the previously unidentified products of 
specific genes. 

Finally, it is worth noting that these antibody/enzyme fusions 
may provide an attractive means for driving the synthesis and _ 
extracellular secretion of specific enzymes as fusion proteins a 
which could then be purified easily on antigen columns. The 
enzyme and antibody moieties could, if required, be dissociated 
using specific proteases!'. 
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e adenovirus-2 early region 1A (E1A) products repress activation of transcription induced by the simian virus 40, polyoma 
irus and adenovirus-2 E1A enhancers. The repression probably involves an interaction between the enhancer elements 
nd a trans-acting factor(s), possibly the EIA products themselves. 




















NHANCERS are promoter elements, unique to eukaryotes, 
hich potentiate transcription from other homologous or 
heterologous ‘natural’ or ‘substitute’ promoter elements (such 
s the TATA box), either in the presence or absence of upstream 
distal) promoter elements (refs 1-5 and references therein). 
iral and cellular enhancers exhibit species and/or cell 
pecificity'***, suggesting that their activity may be positively 
ulated by factors acting in trans. Recent studies from our 
\boratory have shown that stimulation of transcription in vitro 
the simian virus 40 (SV40) enhancer involves the formation 
fastable complex between a trans-acting factor and the enhan- 
er element?" 


olyoma virus (Py) enhancer and a recombinant expressing the 
adenovirus-2 (Ad-2) early region 1A (E!A) gene products, there 
a marked decrease in the amount of RNA initiated from 
-globin gene promoter. This suggested that the ELA prod- 
s might block the activity of the Py enhancer. Such a possibil- 
is intriguing, as it is known that the EIA products encoded 
Sand 12S messenger RNAs are involved in the activation 
of transcription from all other early viral transcription units'?-', 
as well as in cell immortalization and cell transformation'™'°, 
Moreover, transcription from cellular promoters can be stimu- 
lated by the EIA products when recombinants. containing these 
promoters are either co-transfected with the EIA transcription 
unit into HeLa cells or transfected into 293. cells that express 


constitutively an integrated ELA gene (refs 20-22 and references 
therein). 

We demonstrate here that the ELA products repress the 
activity of the SV40, Py and Ad-2 EIA enhancers, and that this 
inhibition probably involves an interaction between the enhan- 
cer elements and a trans-acting factor(s), possibly the ELA 
products themselves. 


E1A products repress enhancer activity 


We used the recombinant plasmid pE1ASV (Fig. 1; ref. 12), 
containing the entire E] A transcription unit including the enhan- 
cer sequences”***, to study the effect of the EIA products on 
the transcription of two enhancer-containing recombinants. The 
first of these, pB(244+)8,.contains the Py enhancer linked to 
two rabbit 8-globin genes; thé second, pSVBA34 (ref. 5), con- 
tains the SV40 enhancer (72 base pair (bp).repeat region) linked 
to a fragment of the Ad-2 major late promoter (Ad-2MLP) and 
the SV40 large-T antigen coding region (Fig. 1). When increasing 
amounts of pEIASV were co-transfected into HeLa cells with 
a constant amount (10 pg) of the pB(244+)8 recombinant, a 
progressive decrease in RNA transcribed from the @-globin 
genes was observed (Fig. 2a, Glob+ 1; b, lanes 1-3). A sixfold 
decrease was obtained with 100 ng pE1ASV (Fig. 2a, lane 4), 
corresponding to a ratio of | molecule of pELASV plasmid to 
30 molecules of the polyoma B-globin recombinant. In parallel 
experiments, the stimulation of transcription from the E2a tran- 
scription unit by the ELA products was assayed by co-trans=:. 
fecting pEIASV and pE2G (a chimaeric recombinant containing _ 
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Fig. 1 Structure of the recombinants. pE1 ASV (4.6 kilobases (kb), 
see ref. 12) contains the 1,570 left-most nucleotides of Ad-2. The 
E1A transcription unit from positions —500 to +1,070 with respect 

to the EIA cap site is linked to the 135-bp SV40 Hpal 
(2,604)/ BamHI (2,469) fragment containing the SV40 polyadeny- 
lation signal (hatched box). pELA™ (3.4 kb, see ref. 12) and pCR 
(4kb) were derived from pEIASV and contain respectively the 
ELA promoter region (positions —500 to + 130) or the coding region 
(positions +130 to +1,070). pELAG (5.2 kb, a gift of C. Goding 
and C. Kédinger) contains the ELA promoter from positions ~500 
to-~—9 linked by a Hindli linker to the rabbit B-globin gene (from 
“positions ~9 to +1,650 with respect to the B-globin cap site). 
pB(244+)B (13.1 kb, see ref. 37) contains the polyoma viral enhan- 
eer (fragment Pewll (5,262)- Bell (5,021)] and two copies of the 
"rabbit 4.5 kb chromosomal fragment including the rabbit B-globin 
gene”, pSVBA34 (7.7 kb, see ref. 5) contains the SV40 enhancer 
(coordinates 113-270) linked to a fragment of the Ad-2 major late 
promoter (Ad-2MLP) (~34 to +33 with respect to the major late 
cap site) and to the SV40 large-T antigen coding region (coordinates 
2,533-5,227). SEI (3 kb) (see ref. 11) contains the $V40 enhancer 
(coordinates 113-270) cloned between the Puull and BamHI sites 
of pBR322. E!AE (4.5 kb) contains the ELA enhancer sequences 
from position —500 to —145 (with respect to the EIA cap site) 
cloned between the EcoRI and the BamHI sites of pBR322 (see 
ref. 11). None of the recombinants is drawn to scale. Solid boxes 

in pEIAG and pA(244+)8 indicate B-globin exons. 









“the E2a promoter and the rabbit B-globin coding sequence; see 
cref 15). The results show clearly that the decrease in RNA 
transcribed from pf(244+)8 and the activation of the E2a 
“promoter occur in the same range of pEIASV concentration 
~ (Fig. 2d). 

The low molar ratio at which inhibition occurs suggests that 
it is not due to competition between the promoters of the two 
co-transfected recombinants. This hypothesis is supported by 
the results of co-transfection experiments with recombinant 
pELA’, containing the ELA promoter region but not the ELA 
coding sequences (Figs | and 26, lanes 4, 5), or recombinant 
pEIAG, in which the EIA coding region is replaced by the 
B-globin coding region (Figs 1 and 2c, lane 3). In neither case 

“was there a decrease in the amount of RNA transcribed from 
the B-globin mRNA start site of pB(244+)8. In addition, in 
-< gitro- nuclear run-on transcription experiments have shown pre- 
viously that pE1A™ is more efficiently transcribed than pEIASV 
ee ref. 15). Thus, competition between the promoters of the 









the possibility that the E1A coding region might contain 





insfected recombinants cannot account for the decrease in 
iption from the B-globin promoters of pB(244+)B. To 


ing factors required for Py enhancer activity, ` 
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Fig. 2 Quantitative S, nuclease analysis of cytoplasmic: 
extracted from HeLa cells co-transfected. with 10 pg recombin: 
pB(244+)8 and pELASV, pEIA™, pCR, pEIAG, pEIA 
pE1A13S (a, b, c e); d, 10g recombinant pEIIG (see tex 
ref. 15) was co-transfected with increasing amounts of pE 
The recombinants co-transfected and the amount of DNA trans 
ted are indicated above the gel lanes. Transfection was carried ou 
using the calcium phosphate procedure’ with the following modifi- 
cation: the cell monolayer was washed after 24h and the cells 
collected 16h later. The total amount of transfected DNA was 
kept constant at 20 pg by the addition of pBR322. Cytoplasmic 
RNA was prepared? and 10 ug RNA hybridized with excess Send 
labelled ELA and globin single-stranded probes*'’, except in-e, 
lane 3, and e, where thë globin probe alone was used. The ETA 
probe is an Eco RI{—500)/ Sau3A(+130) fragment and the -glob 
probe a BsiNI fragment as described previously’. After’ $ 
nuclease treatment, the ElA-protected fragment (ELA+ 1); corr > 
sponding to RNA transcribed: from pElASV or pEIA™, was-130 
nucleotides. in length. The globin-protected fragment (Glob +1), 
corresponding to RNA transcribed. from pA(244+)B, was 134 
nucleotides long, whereas RNA transcribed from pEIAG (EIAG+ 
1) or pEHIG (EHG + 1) protected a 140-nucleotide long fragment. 
The decrease in RNA. transcribed from the B-globin genes of 
pB(244+)8 was estimated ‘by densitometric scanning © of 
autoradiograms corresponding to several experiments similar to a. 
Average decreases of 6-, 40- and 200-fold were obtained. ith. 
100 ng, 1 zg and 10 pg of co-transfected pELASV, respectively 


we constructed recombinant pCR, containing only the E 
coding sequences (Fig. 1). No decrease in B-globin RNA 
observed when pCR is co-transfected with pp (244+)8 (Fig. 2 
lanes 6, 7). 

We next co-transfected pEILASV with pSVBA34, a reco 
binant in which transcription from the +33 to -34 Ad-2M 
element is stimulated by the SV40 enhancer (Fig. 1). We f 
a decrease in RNA initiated from the Ad-2MLP, simil 
those obtained previously with pB(244+)6 (Fig. 4a, b, lanes 
2, data not shown). To examine the individual roles of t 
and 138 mRNA products of the ELA transcription i 
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' Fig. 3. Nuclear run-on transcription from nuclei of cells transfec- 
ted with recombinants pB(244+)8 and MEIASV. Lower part, 
~METASV was derived from pELASV by replacing the pBR322 
sequences with Mp1 1 sequences using the polylinker single EcoRI 
and BamHI sites. Upper part, restriction digests (2 pg DNA) of 
pB(244+)B (lanes b) and MEI ASV (lanes a) were electrophoresed 
on a 1.5% agarose gel and blotted onto nitrocellulose filters as 
‘indicated. A, Ethidium bromide-stained agarose gel. Fragments 
-6 (see lower part) are 6.5, 1.8, 1.65, 1.5, 7.2, 1.7 kb in length, 
espectively. Fragment 3 contains the two B-globin genes of 
2 (244+)B, B-E, Autoradiograms of the nitrocellulose blots after 
bridization with labelled nuclear run-on RNAs prepared from 
eLa cells transfected with p6(244+)8 alone (B) or with MELASV 
as indicated). 

Ae hods: p6(244+)8 was transfected into HeLa cells with increas- 
ng amounts of ME! ASV; nuclei were isolated, incubated in vitro 
the presence of heparin and ammonium sulphate) with °?P-CTP 
nd-cold GTP, UTP and ATP and, after purification, RNA was 
ybridized to the above DNA fragments, as described in ref, 15. 







transfected Py or SV40 enhancer-containing recombinants 
ith cDNA-derived EIA recombinants producing either the 13S 
‘the 128 mRNA (see ref. 15). Both E1A, 12S and 138 mRNA 
oducts can inhibit Py and SV40 enhancer activity (Fig. 2e, 
nes 5, 6, and data not shown). 
Orule out the possibility that the E1A products do not inhibit 
scription activation by the enhancers, but rather interfere 
the stability or the transport of the RNA produced, we 
ned run-on transcription experiments on isolated nuclei 
“ig. 3). Co-transfection of 10 wg pB(244+)f with as little as 
pe of MEIASV (a recombinant in which the pBR322 
ence of pETASV was replaced by M13 sequences) results 
ition of transcription of the B-globin genes (Fig. 3B-E). 
, in these nuclear run-on transcription experiments, the RNA 
nthesized corresponds only to elongation of RNA chains 
ously. initiated in vivo (see ref. 15), we conclude that the 
oducts repress the enhancer-mediated activation of 8- 
in gene transcription. In fact, a decrease in transcription 
‘om the other sequences of the recombinant pB(244+)B is also 
served (Fig. 3, fragments 1, 2, 4). The residual level of tran- 
ption obtained with p8 (244+)8 when repression is maximal 
0 ug MEIASV, Fig. 3£), corresponds to the level obtained 
a recombinant lacking the enhancer sequence (data not 
wn). This suggests strongly that the EIA products repress 
lenhancer-activated transcription in recombinant p@(244+) B 
ncluding transcription initiated not only from the B-globin 
promoters, but also: from pBR322: ‘substitute promoter ele- 
ents”. 
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Fig.4 Co-transfection with recombinants containing the Py virus 
or $V40 enhancers relieves repression of enhancer-mediated tran- 
scription by the EIA products. The experimental procedure is 
described in Fig. 2 legend. a, b, Lanes 1, 10 pg pSVBA34 was 
transfected alone. a, b, Remaining lanes, pSVBA34 and pELASV 
were transfected in the amounts indicated. In a, lanes 3-7, b, lanes 
3-6, a third recombinant was co-transfected. The nature of this 
recombinant and the amount of DNA transfected are indicated 
above the gel lanes. c, 10 ug p@(244+)8 was transfected either 
alone (lane 1) or with 1 ug of pELASV (lanes 2-4). A third recom- 
binant, SEI, was co-transfected in lanes 3 and 4 as indicated. RNA 
transcribed from pEI ASV (EIA +1) and p8 (244+)8 was analysed 
by quantitative $, nuclease mapping as indicated in Fig. 2 legend. 
The probe used for analysing RNA initiated from pSVBA34 at 
the Ad-2MLP cap site was the 5’ end labelled single-stranded 
Hindill-Xhol fragment (see ref. 5) giving a protected fragment 
of 93 nucleotides (MLP+ 1). 


Involvement of trans-acting factor(s) 


To investigate whether repression of the enhancer-mediated 
stimulation of transcription by the El A products is a trans-acting 
process involving an interaction with the enhancer, we attempted 
to remove the repression by co-transfecting increasing amounts 
of a third recombinant containing only a purified enhancer 
element cloned in pBR322. Increasing amounts of SEI (a recom- 
binant in which the SV40 enhancer is cloned in pBR322, see 
Fig. 1) in co-transfections where transcription of pSVBA34 ( Fig. 
4a, lanes 2-5) or pB(244+)6 (Fig: 4c, lanes 2-4) is repressed 
by pEIASV, derepresses transcription initiated either from the 
Ad-2MLP (MLP+ | in Fig. 4a, compare lanes 1-5) or from the ` 
B-globin promoter (Glob + | in Fig. 4c, compare lanes 1-4). The ` 

molar ratios of SE! : pSVBA34 are 0.13, 1.3 and 3.9 in lanes 3-5 
of Fig. 4a, whereas those of SEI to pB(244+)8 are 0.9 and 3.6 

in lanes 3 and 4 of Fig. 4c. Similarly, the addition of the Py 
enhancer in the form of the recombinant p8(244+)8 to a trans- 
fection also containing pSVBA34 or pElASV relieves the 
repression of transcription from the Ad-2MLP (Fig. 4a, compare 
lanes I, 2, 6 and 7; the molar ratios of pB(244+)B to pSVBA34 
are 0.17 and 1.7 in lanes 6 and 7, respectively). In contrast, no 
‘derepression’ is observed when pBR322 is transfected with 
pSVBA34 and pEIASV (Fig. 4b, lanes 3, 4). We conclude from 
these results that repression of enhancer activity by the EIA 
products may involve an interaction between the enhancer and ` 
either the ELA products or some cellular factor(s) induced by 
the E1A products, or a combination of both. i 
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Fig. 5 Quantitative $, nuclease analysis of RNA synthesized in 
HeLa or 293 cells transfected with p§(244+)B, pSVA34, pB2X 
¿Cand pELASV as indicated. pSVA34 (ref. 5) is similar to pSVBA34 
_ (Fig. 1), except that it does not contain the SV40 enhancer. pB2X 
is similar to pB(244+)B (Fig. 1) except that it does not contain 
“the polyoma virus enhancer (see ref. 37). The probes used for S, 
nuclease mapping of RNA initiated from the Ad-2MLP (MLP+ 1), 
the B-globin promoter (Glob+ 1) or the E1A promoter (ELA + 1) 
are described in Figs 2 and 4 legends. Hybridization reactions 
contained either 10 xg cytoplasmic RNA from HeLa cells or 20 pg 
cytoplasmic RNA from 293 cells. Other experimental procedures 
are described in Fig. 2 legend. EP, end point of homology between 
transcripts initiating in pBR322 and the Ad-2 major late probe. 


In the derepression experiments (Fig. 4a, c), the amount of 
RNA initiated at the ELA mRNA start site (ELA + 1) increases 
n parallel with that of RNA initiated from either the Ad-2MLP 
(Fig. 4a, lanes 3-7) or the B-globin promoter (Fig. 4c, lanes 3, 

4). These results suggest that EIA products can also repress 
transcription stimulated by the EIA enhancer(s)”**. This 
hypothesis is supported by the increase of RNA initiated from 
the Ad-2MLP (MLP+ 1) and ELA promoter (E1A +1) when a 
recombinant containing the EIA enhancer region. inserted in 
pBR322 (E1AE, see Fig, 1) is transfected with pSVBA34 and 
pEIASV (Fig. 4b, compare lanes 1, 2, 5 and 6). 


E1A stimulation of enhancer-less promoters 


EIA products expressed either permanently in the 293 cells 
transformed by the adenovirus-5 E1 genes, or transiently in 
HeLa cells after transfection with the Ad-2 E1A transcription 
unit, can stimulate transcription from a variety of genes transfec- 
ted into these cells. Strikingly, transcription can be stimulated 
in these conditions not only from the other adenovirus early 

~genes'*??5, but also from recombinants containing cellular 
transcription units?™ >S, The ELA products thus appear to act 
as activators of transcription from RNA polymerase class B (II) 
promoters, perhaps by interacting with the TATA box region 
or the factor(s) recognizing it’. Interestingly, the SV40 enhancer 
has no effect on rabbit B-globin gene expression in 293 cells”! 
or in HeLa-cells”” co-transfected with a recombinant expressing 
the EIA products. In the latter case, the presence of SV40 
enhancer even results in a two- to threefold decrease in RNA 
transcribed from the rabbit B-globin gene. 

There is no real discrepancy between our results and those 
published previously (Fig. 5a; refs 20-22). EIA products clearly 
stimulate transcription from the rabbit B-globin gene promoter 
in the absence of an enhancer (Fig. 5; compare lanes 4-6, where 

< pB2X, a derivative of pB(244+)6 that does not contain an 
enhancer, is transfected either alone or with increasing amounts 
pEJASV). In identical transfection conditions, co-transfec- 
ion of the Py enhancer-containing rabbit B-globin recombinant 
(244+)B and the plasmid expressing the E1A products 
SV) strikingly. decreases transcription from the B-globin 
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promoter (Fig. 5, lanes 1-3). At the higher pEIASV concen 
tion, the amounts of B-globin RNA synthesized from th 
hancer-containing pB(244+)8 recombinant (Fig. 5, lane 3). ar 
the enhancer-less p82X recombinant (Fig. 5, lane 6) are ve! 
similar. This suggests that when a recombinant expressing 
E1A products (pEIASV) is co-transfected with an enhance 
containing B-globin gene recombinant pB(244+)8, the | 
products abolish the activity of the enhancer, but are still capab. 
of stimulating transcription from the B-globin promoter. Th 
observations may explain also previous conclusions. that 
enhancer does not increase the amount of RNA transcribed 
from the rabbit B-globin gene in HeLa cells co-transfected wi 
a plasmid expressing the EIA products”. n 
It is also clear that in 293 cells, the rabbit 8-globin: gen 
not expressed at a higher level in a recombinant containin 
Py enhancer (Fig. 5a, lane 8) than in a recombinant lackin 
(pB2X ; Fig. 5a, lane 7). (The amount of B-globin RNA in la 
8 should be corrected for a lower content in EIA RNA w 
compared with the amount of B-globin RNA signal in lant 
The stimulatory effect of the Py enhancer is cancelled i 
cells, whereas the activity of the B-globin promoter of 
enhancer-less recombinant p62X is still stimulated by the. 
products synthesized in these cells (Fig. 4; compare lanes | a 
4 with lanes 7 and 8). However, as there are no control 
for 293 cells, these results cannot be directly compared with 
those obtained with pEIASV-transfected HeLa cells. Similar 
results are obtained when the Py enhancer-containing reco 
binant pB(244+)8 and the Ad-2MLP enhancer-less reco 
binant pSVA34 (pSVBA34 lacking the SV40 enhancer; Fi 
are co-transfected into HeLa or 293 cells (Fig. 5b). The level o 
expression of these two recombinants in HeLa and 293 
cannot be compared directly because a co-transfected referen 
plasmid cannot be used. However, in agreement with the 
conclusion, there is a clear inversion in the relative lev 
expression of these recombinants in HeLa and 293 cells. R 
to the enhancer-containing recombinant p6(244+) 8, the en 
cer-less pSVA34 plasmid is expressed more efficiently in 
cells (Fig. 5b, lane 2), whereas, relative to pSVA34, pB(2 
is better transcribed in HeLa cells (Fig. 5b, lane 1). ` 


m 


Conclusion 


The results described here demonstrate that the stimulation o 
transcription mediated by enhancers can be negatively regulated 
Because it is possible to compete the negative effect of the EL. 
products by co-transfecting recombinants containing only 
enhancer element, and also because repression of the enhance 
activity does not interfere with the ability of the ELA product 
to stimulate transcription from the B-globin promoter, t 
enhancer itself is probably the target for the negative regulation 
Future studies will determine whether the EIA products £ 
selves, or a cellular product(s) induced by them, or some com! 
nation of the two, interact with the enhancer sequence and, 
with other enhancer factors, Using an extensive set of SV. 
enhancer mutants (M. Zenke, T. Grundstrém, H. Matthes, M 
Wintzerith and P.C., manuscript in preparation), we will deter 
mine which enhancer sequences are involved in ELA repression 
In this respect, the only sequence feature which is apparenti 
shared by the SV40, Py virus and Ad-2 enhancers is the cor 
sequence”**’. In vivo studies have clearly shown that the S' 
enhancer can generate an altered chromatin structure over i 
own sequence”. Recent in vitro studies demonstrate. that 
transcriptional factors(s) interacts specifically with the SV¢ 
enhancer”, We are now investigating whether the ELA prod 
ucts interfere with either of these enhancer functions. 
At present it is not known whether the EIA products inhibit 
the activity of the E1A enhancer during lytic infection or wheth 
the inhibition could be observed only with an isolated ETA 
transcription unit. However, inhibition of the ELA enhan 
activity by the EIA products provides a means by which t 
expression of the E1A transcription unit can be autoregulate 
during lytic infection. Indeed, it has been reported that Ef 
transcriptional activity is highesteduring the early pha 


































on'*:!* On the other hand, there is evidence that the EIA 
roducts stimulate transcription of the E1A transcription unit 
arly in adenovirus infection®”°. It appears, therefore, that the 
EIA products can act as both negative and positive regulators 
eir own transcription units during lytic infection, and as 
ositive regulators of all other viral transcription units (see refs 
15). Note that the SV40 early gene product, the large-T 
igen, also regulates its own synthesis, but by a more ‘classical’ 
ression mechanism that does not involve an interaction with 
$V40 enhancer’. In addition, like the ELA products, the 
ree-T antigen is a pleiotropic protein also activating transcrip- 

as it has been reported recently that it stimulates the activity 
he SV40 late promoter”, It is not known whether inhibition 
of cellular enhancers by the E1A products occurs during produc- 
ve infection or during cell transformation by adenoviruses. As 
‘the expression of only one defined gene has been shown 
clearly to be repressed by EIA products. The expression of a 
class I -major histocompatibility complex (MHC) gene is 
repressed in rat. cells transformed by the E1A transcription unit 
he highly oncogenic adenovirus-12 (Ad-12), but not by that 
the weakly oncogenic adenovirus-5 (ref. 19). Since the ELA 
ucts of Ad-!2 also inhibit activation of transcription by 
0 and Py enhancers (our unpublished observations), we are 
‘investigating the possibility that this class I MHC gene 
ntains an. enhancer whose activity can be repressed by the 

12 ELA products. 
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block upstream activation of a yeast gene 
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same region of the promoter have a similar effect. 


bacterial repressor protein blocks transcription of a gene in yeast when its operator is placed in the promoter between 
upstream activator sequence and the transcription start point. Putative transcription terminators from yeast installed 












'ROMOTERS recognized by RNA polymerase II of the yeast 
echaromyces cerevisiae contain two essential elements: a 
etch of DNA containing a sequence homologous to TATA, 
an upstream activator sequence (UAS)'. For example, syn- 
s of GALI mRNA, which begins 80 nucleotides down- 
am of the TATA region of the GALI promoter, depends on 
asequence called UAS, located about 250 nucleotides upstream 


of the TATA region” (see Fig. 1). UASg function has been 
localized to a 75-nucleotide sequence’, and, more recently, to 
a |5-base pair (bp) sequence with approximate 2-fold rotational 
symmetry (E. Giniger et al, in preparation). The GAL4 gene 
product is thought to bind to this sequence in the presence of 
galactose to activate transcription downstréam. When it is placed 
in front of the TATA region of CYC1, UAS, activates transcrip- 
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Fig. 1 Derivatives of the GALI promoter. All carried a Xhol site 
into which lexA operators were inserted. Distance from the Xhol 
site to the TATA region and to the upstream activator sequence 
‘for various promoter derivatives is given in nucleotides. The UAS, 

: region contains two homologous 15-nucleotide regions of approxi- 
tate 2-fold rotational symmetry separated by three nucleotides 
(one. of which is sufficient for UAS, function; E. Giniger et al., 
in preparation). When defined in this way, there are 262 nucleotides 
between UAS,, and the first base of the TATA sequence. Number- 
ing in GALI derivatives is from the centre of the Xhol recognition 
sequence to the closest base in the upstream activator sequence, 
‘andto the first T of the GAL! TATA sequence. The mature GALI 
transcript begins 85 nucleotides downstream of this T*, and the 
“GALI coding sequence begins 60 nucleotides farther down- 
->-stream?. The extent of promoter deleted in each derivative is 
“'shown by a dark bar. 36 nucleotides are deleted in 740. Plasmids 
“containing sites for lexA operator insertion were made by combin- 
ing members of two sets of deletions’. 609 and 740 were constructed 

as described in ref. 2. 20B and 27B are described in ref. 2. 50 and 

à 21B were gifts of M. S. Lamphier. 


tion from the hybrid promoter and renders this transcription 
inducible by galactose. The distance between UAS, and a 
TATA region is not critical, and the effect of UAS, is still 
measurable even when it is located 500 nucleotides upstream 
o! ATA region (R. Yocum, personal communication). In 
hese respects, UAS, shares properties with the transcriptional 
enhancer sequences found in higher eukaryotes. 
We describe two different ways to block GALI promoter 
function by interposing two different kinds of genetic elements 
between its upstream activator sequence and its TATA region. 

We constructed a strain of yeast that synthesizes lexA protein, 
a repressor protein from Escherichia coli. We also constructed 
variants of the yeast GAL/ promoter that carried lexA operators 
at different positions within the promoter. We found that those 
GAL} promoters carrying a lexA operator between the upstream 
activator sequence and the TATA region were repressed by lexA 
protein. : 

We next installed sequences located downstream of the coding 
regions of the CYCI and ADH1 genes between the GALI 
upstream activator sequence and its TATA region. These sequen- 
ces diminished GALI transcription. A fragment of DNA con- 
taining a mutation interfering with proper CYCH termination 
‘and differing from the terminator fragment by a single base pair, 
was less able to decrease GALI transcription. 





LexA protein represses transcription 

_ LexA protein is a:repressor of many of the genes induced in E. 
coli as a consequence of DNA damage®”. A plasmid directing 
the synthesis of LexA protein in yeast was constructed (Fig. 2). 
Use of anti-LexA antiserum allowed us to detect LexA protein 
in extracts of yeast carrying this plasmid. We estimate that the 
LexA protein comprises.0.005-0.025% of the total protein when 
yeast containing this plasmid are grown on galactose-containing 
medium. We inserted synthetic lexA operators into derivatives 
of the GALI promoter (described in Fig. | legend) and chose 
_a-lexA operator sequence based on analysis of the sequence of 
many LexA protein-binding sites and on some of their interac- 
with the protein. Gel analysis of DNA-protein complexes” 
Chapman and R.B., unpublished data) revealed that the 
“tic 22-nucleotide operator bound LexA protein at least 
htly as any single naturally occurring operator thus far 
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Table 1 LexA protein repression of GALI promoter with Tex. 
operators 





Control plasmid lexA plasmid 


20B 5,000 5,000. 
+1 op 2,500 
+2op 2,500 
27B 1,800 
so 5000 
5, 
+i op 2,500 
+2 op 2,400 
21B 5,000 
+i op 2,500 
+2op 2,300 
609 5,000 
+i op 3,100 
740 5,000 
+i op 5,000 
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Yeast was transformed with two types of plasmids having two diff 
selectable markers. One plasmid directed the synthesis of LexA 
and carried the LEU2 marker. Another plasmid contained a de 
of the yeast GALI promoter with a lexA operator site and carri thi 
URA3 marker. Transforméd yeast were isolated and propagated 6 
medium that selected for cells bearing both plasmids. The amount 
transcription from the GALI promoter was measured after cultures 
doubly transformed cells had been grown on galactose-conta 
medium for at least five generations. The derivatives of the € 
promoter in which JexA. operators were installed are shown in Fig 
Synthetic lexA operators with the sequence AE 


TCGAGTACTGTATGTACATACAGTAC 
CATGACATACATGTATGTCATGAGCT : 


were inserted directly into Xhol-cut GALI promoter derivativ 
in Fig. 1) using standard plasmid construction techniques”. To 
a given doubly. transformed strain, DNA from one of these 
and DNA from either pAAHS (contro! plasmid) or pRB500 
directed the synthesis of LexA protein) was used to transfo 
DBY 745 to URA* and to LEU*™. The amount of GALT transer 
in a given strain was estimated from indicator plates’. The num 
this table and in the tables below refer to units of B-galac 
measured in liquid assays as described in ref. 3. Each strain was ass 
in triplicate on at least five different occasions. Normally the leve 
B-galactosidase in a given transformed strain varied by no more t 
20% on the day of the assay. Assay-to-assay variation of the ratio. 
galactosidase activity from any two different strains was usuall 
than 10%. Measured units were averaged and rounded to the-n 
50 units. op, Operator. 
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Table2 Effect of LexA protein on transcription of an operator contail 
ing GALI promoter integrated into the chromosome 





Control plasmid 
lexA plasmid 
aneen i 
Plasmid 118 (20B+2lexA operators) was partially digested 
EcoRI, ligated, and the ligation. mixture. cut with Xbal to-linea 
plasmids that retained the EcoRI fragment from 118 containing the ; 
origin. The ligation mixture was used to transform E. coli strain JM101 
which lacks a functional lacZ gene. 427, a derivative of 118 that lac 
the EcoRI fragment containing the replication origin, was isolated fro! 
a lacZ”, Amp” colony. 427 was cut in its URA3 gene with Apal 
lithium acetate-treated DBY745 was transformed (see Table. t leg: 
with the cut plasmid DNA. Six URA transformants arising from thi 
construction were checked: to see that the URA marker was not I 
after growth for 40 generations on nonselective medium, and that GA 
promoter transcription in these strains was normally inducible if th 
yeast were grown on medium containing galactose. These six strain: 
were made competent with lithium acetate, then transformed to LEU? 
with a plasmid directing the synthesis of LexA protein, pRB300, or w 
its parent plasmid, pAAH5. A-Galactosidase in these strains 4 
assayed, in liquid and on indicator plates, as described in Table 1.” 
was no variation in GALI transcription among the six strains wh 
grown on galactose, glucose, and galactose with GALI transcri 
repressed by LexA protein. ; 












2° E.coli LexA protein manufactured in yeast. Lane 1, 1 ug 
purified LexA protein”. About 10% of this LexA protein prepar- 
ition consisted of the amino- and carboxy-terminal autolytic frag- 

nts”. The carboxy-terminal fragment is visible on the gel. Lane 
» extract. from: DBY745/pAAHS5. Lane 3, extract of DBY 
RB500. Lane 4, extract of DBY 745/pRB500. Lane 5, extract 
BY 745/pAAHS, spiked with 50 ng purified LexA protein. 
Methods: pRB500, a plasmid which directs the synthesis of LexA 
rotein, was made by inserting a 1,000-nucleotide Hindili- 
indi piece from pRB480 (unpublished data), which contained 
NA from 62 bases upstream to ~200 nucleotides downstream of 
‘A, into the HindIII site of pAAHS. pAAHS is a plasmid which 
arries the LEU? gene, a 2p origin of replication, and several 
hundred nucleotides of DNA from around the ADHI (ADCI) 
romoter. The ADH! fragment ends 11 nucleotides upstream of 
he ATG that would begin the ADH] structural gene. At this site 
. HindIII linker has been inserted. pAAHS was constructed by 
stav Ammerer. Yeast strain DBY745 (a adel-100 leu2-3 leu2-112 
3-52) was transformed with pAAHS or pRB500, using the 
thium: acetate technique (M. Rose, personal communication). To 
roduce.each extract, yeast were grown in glucose minimal medium 
without leucine'® to a density of 2x10’ mI™!. 2 ml of this culture 
were concentrated by centrifugation, resuspended in 0.2 ml 
Laemmli sample buffer”, and lysed by grinding with glass beads”, 
Sml of each extract was run on a 12% polyacrylamide/SDS 
4. Proteins in the gel were transferred electrophoretically to a 
itrocellulose membrane; the membrane was probed with anti- 
EXA protein antibody followed by '%l-protein A from Staphy- 
ccus aureus, The membrane was washed and exposed to 
R-5 film for 24 h. In other experiments, protein gels of lysates 

yeast. that carry this plasmid were stained with Coomassie 
tilliant blue and revealed a faint new band whose mobility was 
same as that of pure LexA protein (not shown). LexA protein 
was.also observed in these strains after cellular proteins were 
labelled with **S-methionine and immunoprecipitated with anti- 
-LexA antiserum (not shown). From immunoprecipitation experi- 
ments and from. stained gels, we estimated that LexA protein 
stituted between. 0.02% and 0.1% of the total soluble protein 
ells transformed with this plasmid grown in glucose. As the 
HI promoter is about five times less active when cells are grown 
galactose as when cells are grown in glucose (refs 26, 27 and 
ur unpublished results), we suspect that there is one-fifth this 
: amount of LexA protein in galactose-grown yeast. 


ned’”,. with an apparent dissociation constant (Kg) of 
M. The GALI promoter derivatives were carried on plas- 
ds that supplied a replicator and a selectable marker. The 
[LI structural gene was fused in each case to a lacZ gene so 
e 8-galactosidase level in a plasmid-carrying cell was a 
asure of the GALI transcription. 

erivatives of the GALI promoter containing lexA operators 
etween the upstream activator sequence and the TATA region 
derivatives 27B, 20B, 50, 21B and 609: Fig. 1) were repressed 





Table 3 Putative transcriptional terminators, installed between the. 
GALI upstream activator sequence and its TATA region, decrease. 
GAL] transcription 








20B 5,000 
+cyel-512 2,500 
+cyel-512-F 800 
+ADH1 terminator 50 
+82-nucleotide polylinker 5,000 
+234-nucleotide pBR322 Haelll fragment 5,000 


Plasmids carrying cyel-512 and cycl-512-F Rsal. pAAHS was cut with 
HindIII and Sphl. Fragments containing putative transcriptional ter- 
minators, the 182-nucleotide EcoRV- Rsa fragment, and the 324-nucleo- 
tide HindI{1-Sph1 fragment, were isolated and inserted into the Stul 
site of pRB486 (unpublished construction). The unique Stul site in this 
plasmid arises from the juxtaposition of two Xho! linkers. Derivatives 
of pRB486 that carried each mutation were cut with Xhol and the 
Xhol-ended terminator fragments inserted into the Xho site of 20B. 
Compared with the wild-type promoter, the GALI promoter derivative 
carried on 20B has 153 nucleotides missing, Derivatives of 20B that 
carried these terminator fragments in the wild-type orientation were 
used to transform DBY745, A similar strategy was used to insert into 
20B an 82-nucleotide HindIII-Haelll polylinker fragment from plas- 
mid 701 (unpublished), a derivative of pucl9?'. 20B-G is a derivative 
of 20B that contains, in its Xhol site, a 234-nucleotide Hael fragment 
from pRB322 (ref. 22). This plasmid was constructed by Jun Ma. Yeast 
bearing these plasmids were grown on galactose and assayed on 
indicator plates and in liquid as described in Table | legend. 


4-10-fold by LexA protein (Table 1). All GALI promoter deriva- 
tives containing two /exA operators were repressed more 
efficiently than corresponding derivatives that contained only a 
single operator. No repression was observed when the operator 
was installed upstream of the UAS, (in GALI, derivative 740; 
see Fig. 1). In the absence of LexA protein, lexA operators at 
certain sites in the GAL! promoter slightly diminished transcrip- 
tion (Table 1). This effect may be related to the slight homology 
between the lexA operator and sequences implicated in yeast 
transcription termination (unpublished data). 

We sought to confirm that the apparent lexA-mediated 
repression of operator-containing GALI promoters was not 
caused by variation in plasmid copy number. Accordingly, we 
constructed nonreplicating derivatives of two lexA-repressible 
GALI plasmids and directed their integration into a yeast 
chromosome”. We examined six different integrants of each 
plasmid and found that repression by LexA protein was as 
efficient, but no more efficient, than the repression observed 
when the operator-containing GAL! promoter was present in 
many copies on a plasmid. Repression of one such integrated 
promoter is shown in Table 2. 


Upstream terminators decrease transcription 


Sequences downstream of certain yeast genes have been iden- 
tified tentatively as sites where transcription terminates: it is 
possible, although less likely, that these sequences are signals 
which cause a longer transcript to be processed''~'?. Putative 
transcription terminators are found downstream of the coding 
sequences of the CYC/ and ADHI (ADC1) genes (see Fig. 3 
legend). We inserted fragments of DNA carrying these putative 
terminators or mutant derivatives of them between the GAL/ 
upstream activator sequence and its TATA region. We placed 
the terminator fragments in a deletion derivative of the GALI 
promoter to ensure that the distance between the upstream 
activator sequence and the TATA region in the terminator- 
containing construction was approximately that found in the 
wild-type promoter. One fragment was taken from the 3’ end of 
a CYCI gene (the allele cycl-512-F) in which the correct 
messenger RNA (mRNA) is formed. Another fragment differs 
by a single base pair and was taken from a mutant (cye/-5/2) 
in which the correct 3’ end of the mRNA is only formed 
inefficiently, presumably because termination is rendered defec- 
tive by the changed base pair (refs 11, 12 and K. Zaret, M. 
Hampsey and F. Sherman, personal communication). In addi- © 


















































tional experiments, we used a fragment that carried the putative 
i transcriptional terminator from the 3’ end of the ADHI gene"”. 
“The fragments derived from the two CYC! alleles differed in 
their ability to depress GAL/ transcription. The fragment carry- 
ing the putative transcriptional terminator (cyc/-512-F) 
decreased GALI transcription by a factor of six (Table 3). In 
contrast, the fragment derived from the termination-deficient 
mutant (cycl-512) decreased transcription by a factor of two. 
The fragment derived from ADHI showed a larger effect. 
Installation of this piece of DNA decreased GALI transcription 
by 100-fold. Control pieces of DNA from pBR322 and pUC19, 
- installed in the same deletion; had no effect on GALI transcrip: 
-tion (Table 3). If the CYC/ terminator is inserted. between the 

CYCI upstream activator sequence and its TATA region, the 

ability of a fragment to depress transcription is correlated with 

its ability to function as a transcriptional terminator (B. Osborne 

. and L. Guarante, personal communication). 








_ Discussion 
. Our experiments provide genetic evidence that a bacterial 
| repressor protein manufactured in the yeast cytoplasm can enter 
+ the yeast nucleus, recognize its operator and repress transcrip- 
tion from a yeast promoter. Immunofluorescence experiments 
oy (performed in collaboration with P. Silver) show that LexA 
=- protein is localized to the nucleus in a minority of cells in a 
' population that produces it (data not shown). In most members 
of the population, fluorescence is uniformly spread throughout 
the cytoplasm and we conclude that LexA protein has passively 
entered the nucleus. This behaviour is in contrast to the strictly 
nuclear localization of regulatory proteins native to yeast, which 
are thought to have a distinctive stretch of amino acids causing 
them to enter and remain in the nucleus (refs 13, 14, R. Moreland 
and L. Hereford, personal communication). Uniform cellular 
distribution of LexA protein should be sufficient to repress 
-operator-containing GALI promoters. If LexA protein con- 
“stitutes 0.025% of the total protein in cells grown on galactose, 
and if it is evenly distributed throughout the cell, there should 
“be about 750 LexA molecules in the nucleus. As the volumes 
of E. coli and a yeast nucleus are about the same, nuclear LexA 
protein concentration is probably equivalent to the concentra- 
tion found ina single E. coli, which contains 100-1,000 molecules 
. of LexA protein (unpublished data). We have shown here that 
. the affinity of the synthetic operator for LexA protein is at least 
as high as that found for naturally occurring lexA operators. 
Therefore, 100-1,000 molecules of LexA per nucleus should be 
sufficient to occupy the operator’? 

Consider two possible mechanisms by which LexA protein 
might repress GALI transcription. First, LexA protein could 
repress GAL/ transcription because its binding site is close to 
or overlaps the binding site of some protein necessary for tran- 
scription. Although some sites of operator insertion are located 

far from either the upstream activator sequence or the TATA 
region, all: sites are at least moderately close (within 59 nucleo- 
tides) to one region or the other. Therefore, we cannot exclude 
this possibility. Note, however, that LexA protein has no effect 
at a site 28 nucleotides upstream of the upstream activator 
sequence, so proximity of an operator to the upstream activator 
sequence is not sufficient to produce a repressible promoter. 
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Second, the observed repression may be caused by LexA protei 
repressing GAL] transcription by blocking transmission of sor 
stimulus (for example, RNA polymerase or some compone 
of the transcription apparatus) from the upstream activate 
sequence to the TATA region. These two mechanisms are not. 
mutually exclusive; depending on the location. of the JexA 
operators within the GALI promoter, one or both of them 1 may 
exist. 
Our results with transcription terminators reported h em 
be regarded as evidence in support of the sécon 
mechanism. Transcription between. the upstre 
sequence and the TATA region, however, ( 
observed. It is possible that RNA polymerase make: n 
transcript between the upstream activator sequence 
observed transcription start point, or that RNA polyme 
some other component of the transcription apparatus. 
through this region in some other manner sensitive to the eff 
of transcription terminators. But we cannot exclude the possib 
ity that a protein binds to the functional terminator but not 
the mutant terminator, and that the bound protein interfe 
with transcription in the same way as LexA protein. 
There is evidence that other yeast genes can be represse 
negative regulatory factors bound between the upstream 
activator sequence and the TATA region. For example, it i 
likely that MATA transcription is repressed in diploid yeas 
by binding of a negative regulatory factor (which is depende 
on the expression of MATAI and MAT«a2) to a site betwe 
the MATA] upstream activator sequence and its TATA region 
STEG6 transcription is repressed by the MATa2 product, which 
binds to a specific site in the STE6 promoter, probably locate 
between the upstream activator sequence and the TATA regior 
(A. Johnson, K. Wilson and I. Herskowitz, personal commu: 
cation). The repression of MATAI and STE6 is at leas 
times greater than the 10-fold repression we observe for le. 
operator-containing derivatives of the GALI promoter. Wi 
not understand why these yeast promoters are repre: 
so efficiently relative to the lexA operator- containing G 
promoter. À 
Further studies may use well-characterized prokaryotic reg 
tory proteins to control expression of other yeast genes ai 
genes in higher eukaryotes. It will be of interest to see whethe 
repressor proteins can block the’activation of genes by enhancer 
sequences” found in higher eukaryotes. Repressor proteins may 
also be useful in studying the mechanism of negative regulation 
in yeast in those cases where negative control is exerted at a 
distance, such as the repression of silent genes of the yea’ 
mating type locus by the MAR/SIR gene products". 
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genomic organization 












The nucleotide sequence of a complete genomic clone for the histidine-rich protein of Plasmodium lophurae has been 

etermined. The deduced amino acid sequence of the mature protein shows numerous tandemly repeated units preceded 
by a signal and a pro peptide. The gene is interrupted by an intron with a separate exon coding for the signal peptide. The 
nal peptide-encoding exon detects multiple cross-hybridizing sequences in the parasite genome. 





































E protozoan parasite Plasmodium lophurae causes malaria 
| birds, invading host erythrocytes via a mechanism which 
volves specialized intracellular parasite organelles and surface 
tors on both the parasite and the erythrocyte'™*, Recogni- 
tion and binding of the two cells is followed by complete 
ulfment of the protozoan cell by the erythrocyte, whereupon 
ie parasite undergoes several rounds of asexual divisions. 
Mature daughter cells escape from their intraerythrocytic con- 
‘ment to begin a new round of erythrocyte invasion. 
In the intraerythrocytic stages of development of P. lophurae 
in ducks, there is synthesis of a major protein that accumulates 
to comprise at least 50% of the cellular mass. This protein, a 
c polypeptide of relative molecular mass (M,) 45,000 com- 
prising 73% histidine, is located in a membrane-bounded com- 
tment that forms part of the specialized parasite organelles 
plicated in erythrocyte invasion’. The function of the protein 
unknown. In one series of experiments, antibodies to this 
ein were found to be protective’, but other investigators 
ve been unable to reproduce these results”, 
We have shown that the early biosynthetic forms of the 
tidine-rich protein resemble those of secretory proteins’. 
slation of parasite mRNA in a cell-free wheat-germ transla- 
ton system yielded a larger precursor that was translocated into 
dog pancreas microsomal membrane vesicles. The segregated 
rm was larger than the mature protein and contained Asn- 
linked oligosaccharide’. These data suggested that the histidine- 
h protein is synthesized as the prepro-protein containing two 
insient sequences, a pre-sequence that functions as a signal 
ence for translocation across the rough endoplasmic 
ulum, and a glycosylated pro-sequence of unknown 
on. 
€ have now isolated a genomic clone that contains the entire 
stidine-rich protein gene and have determined its DNA 
jence, The. gene is encoded in two exons, separating the 
nal peptide-encoding sequence from the pro-sequence, con- 
g that synthesis of the protein occurs via the prepro- 
otein. Oligonucleotide probes synthesized to the signal pep- 
e-encoding exon reveal multiple homologous DNA sequences 
he P. lophurae. genome. The sequence of mature protein is 
anged in numerous tandem repeats with up to nine histidine 
ues in a row, similar to other Plasmodium proteins for 
ich sequence data have so far been reported! 136-39, 


omic clone isolation 

artial cDNA clone, obtained by screening a P. lophurae 
NA library with a synthetic oligonucleotide encoding a poly- 
fie sequence (ref. 12 and R. Feder et al, in preparation), 
used to determine the genomic organization of the histidine- 
h protein. P. lophurae DNA digested with HindIII (Fig. la, 
> 3) or EcoRI (Fig. 1a, lane 1) and probed with a histidine- 
ch protein cDNA probe detected a 7.7-kilobase (kb) and 1.8-kb 
fragment, respectively. The 7.7-kb Hindili fragment was cloned 
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Fig. 1 a, Genomic cloning of the gene for histidine-rich protein 
into AL47.1. b, Preparative agarose gel electrophoresis of P. 
lophurae DNA to enrich for the 7.7-kb HindIII fragment containing 
the gene. 

Methods: a, P. lophurae was maintained in infected ducklings”®. 
DNA was isolated from infected duck erythrocytes by the saponin 
lysis procedure*”**. 24g of high-molecular weight DNA were 
digested with EcoRI (a, lane 1) or Hindit (a, lane 3) and the 
resulting fragments were separated on a 0.75% agarose gel and 
transferred to nitrocellulose paper”. The gel was probed with 
nick-translated histidine-rich protein cDNA labelled to a specific 
activity of 2 x 10% c.p.m. pg7! and hybridized in 50% formamide, 
10% dextran sulphate, 5x SSC, 1x Denhardt's, 200 ug mt~! of 
salmon sperm DNA at 40°C for 16h. Nonspecific hybridization 
was washed off in 0.1 xSSC, 0.1% SDS at 54°C and the filters 
exposed to Kodak XAR film with Dupont Lightening Plus 
intensifying screens at -70 °C for 4~16 h. The specific 1.8-kb EcoRI 
and 7.7-kb Hind] fragments which hybridize to the cDNA probe 
are indicated. a, Lane 2: DNA isolated from clone 8A, digested 
with HindIII and co-electrophoresed with P, lophurae DNA to 
demonstrate that an intact fragment had been cloned. b, 100.2 of 
P. lophurae DNA were digested to completion with HindIII and 
fractionated on a Bulls Eye Electrophoresis apparatus (Hoefer 
Scientific). Fractions were collected, and aliquots analysed on a 
0.75% agarose gel (b, upper panel). The DNA fragments. were 
transferred to nitrocellulose paper and probed with the cDNA 
probe. DNA fragment sizes are indicated in kb. A peak fraction 
containing the 7.7-kb HindIII fragment is visible in the lower 
panel. This fraction was ligated into AL47.1 HindIll arms, pack- 
aged in vitro and used to infect LE 392. i x10% recombinant 
phage were obtained from a microgram of P, lophurae DNA. 5 x 10* 
phage were screened by in situ hybridization®’ with the nick- 
translated cDNA probe: a positive obtained, referred to as 8A, 
was plaque-purified and DNA isolated from this phage was 

mapped against P. lophurae DNA (a, lane 2). 
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Fig.2 Restriction map analysis and sequencing strategy for clone 8A of the histidine-rich protein gene. The 7.7-kb HindIII fragment; clor 

as described in Fig. 1 legend, was mapped both within the phage and from a pBR322 subclone. Fragment sizes of the cloned DNA wer 
compared with P. lophurae DNA. DNA sequencing analysis was performed using both the dideoxy method of Sanger and Coulson”, indicate 

‘by arrows ending with vertical lines, and by the chemical method of Maxam and Gilbert™, indicated by arrows ending with stars. Fragmen 

i were obtained both from the phage clone 8A and from the pBR322 subclone. Repeat sequences obtained with the same fragment or MI3 clon 
are not shown: The sequence obtained from the 3’ Hinf site to the $’ Nea site was derived from two M13 clones which could be obtained i 
FESE only one orientation due to the instability of the sequences in Escherichia coli. Multiple independent isolates of these clones were sequen 
ae “to generate the data shown in Fig. 3. This overlap, however, may be subject to some ambiguity. 


ments by enriching HindIH-digested P. lophurae DNA by pre- 
parative agarose electrophoresis (Fig. 1b). Screening of 50,000 
recombinant phages with the cDNA probe yielded a positive 
clone identified as 8A. Propagation of 8A in.the bacterial vector 
LE 392 resulted in spontaneous deletion of the cloned insert, 
leading to segregation of the phage into two populations separ- 
able on CsCl density gradients. Only higher density, full-length 
phage particles were used for subsequent studies. HindIII diges- 
tion of clone 8A (Fig. la, lane 2) yielded-a 7.7-kb fragment 
. which co-migrated with the genomic Hindili fragment (Fig. la, 
«> dane 3). No deletion was apparent in this higher density phage 
oo fraction. The 7.7-kb: HindIII fragment containing the genomic 
sequence of the protein was subcloned into pBR322 and propa- 
gated in HB101. Spontaneous deletion of the insert occurred in 
this system as well. A subclone, 8A-1, showed a 3.0-kb deletion 
in the 3’ EcoRI- HindIII fragment of clone 8A (Fig, 2). EcoRI 
digests of clone 8A, 8A-l..and P. lophurae DNA revealed a 
co-migrating |.8-kb fragment. when probed with the cDNA probe 
(data not shown), Bglil+Ncol digests of these DNAs revealed 
co-migrating 2.85-kb and 200-base pair (bp) fragments when 
probed with the 1.8-kb' EcoRI fragment. Similarly, Hinfl digests 
of these DNAs revealed a common 1.35-kb fragment when 
probed with the 1.8-kb EcoRI fragment. These data confirm that 
no deletion or rearrangement had occurred in the 7.7-kb HindIII 
fragment in clone 8A. or in the sequences extending from the 
Bglll site 5’ of the gene to the EcoRI site 3’ of the gene in the 
subclone 8A-1. 





Gene structure 

_ The DNA sequencing strategy for the region encoding the his- 
tidine-rich protein: (Fig. 2).revealed a sequence of 1,648 nucleo- 
tides (Fig. 3). An open reading frame coding for 328 amino 
acids (225 are histidine) éxtends from nucleotide 491 to nucleo- 
tide 1,487. Starting at nucleotide 563, we find a sequence iden- 
tical to the recently reported sequence of | 25 NH,-terminal 
residues of «mature histidine-rich protein”. There was no 
methionine in. our reading frame, however, suggesting that the 
gene is interrupted and that the amino-terminal portion of the 
protein is located on another exon. Further analysis revealed 
another open reading frame with a putative initiation codon 
located at nucleotides 291-293, ending in a stop codon (nucleo- 
tide.366-368), and immediately preceded by a splice sequence 

« AAGCGTAAG (boxed in Fig. 3) similar to the consensus 5’ 
plice sequence, AAGGTAAG “. Similarly, a 3’ splice sequence, 
TAG (boxed in Fig. 3), similar to the consensus 3’ splice 
Ce, > is found immediately adjacent to the 
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To demonstrate that the genomic DNA is not contiguous wit! 
its mRNA, we performed S, nuclease mapping. A 427-bp:Aval 
Hinfl fragment (Fig. 4) spanning the intron-exon border wi 
5‘ end-labelled on the noncoding strand. After strand separatio! 
the 5’-labelled strand was annealed to P. lophurae RNA. § 
nuclease treatment of this hybrid yielded a 130-bp prot 
fragment (Fig. 5a, lane 2), consistent with a: discontin 
between the RNA and the genomic DNA at nucleotide 4 
the intron-exon border. 

To identify the break point between the DNA and 
sequences specifically, we carried out primer extensiot 
A.42-bp Aval-Rsa fragment (Fig. 4) was labelled on t 
of the noncoding strand. After strand separation, the 5’-lab 
strand was annealed to P. lophurae RNA. A cDNA was sy 
sized in the presence of dXTPs and reverse transcriptase 
the resulting 600-bp fragment was isolated and sequenc 
chemical degradation. Parallel sequences were obtained fro 
427-bp Aval-Hinf fragment (Fig. 4) labelled at the Aval 5’.en 
The primer-extended sequence (Fig. 5b, lane 2) diverges. fror 
the genomic sequence (Fig. 5b, lane 1) at the position o 
putative intron (arrow, Fig. 5b). The sequence derived by prim 
extension (Fig. 5c) agrees precisely with the 5’ exon seque 
(Fig. 3). A 5’-untranslated sequence can be read from the prim 
extension experiment for at least 150 nucleotides 5’ of the exor 
which similarly is in agreement with the genomic sequence 
Additional S, mapping studies (data not shown) demonstrat 
that the 5’-untranslated sequence extends for at least 300 nucle 
tides beyond the open reading frame for the signal peptide. Th 
precise 5’ end of the untranslated mRNA sequence has not b 
identified. R-loop mapping of the genomic clone and mRN. 
(data not shown) demonstrates a 1,400 nucleotide R-loop, corr 
sponding to the histidine-rich exon and 3’-untranslated sequer 
ces. Therefore, the length of the 3’-untranslated sequence 
deduced to be 400 nucleotides (Fig. 4). The size of the mRN, 
has been identified by Northern gel analysis to be 2,200 nucle 
tides'*, suggesting that the 5’-untranslated sequence is approx 
mately 700 nucleotides long. 


Amino acid sequence 


The prepro-protein contains 351 amino acid residues and, ini 
unglycosylated form, has a calculated M, of 49,000. The amin 
acid sequence is numbered beginning at —47 for the: sign: 
peptide, at —24 for the pro-peptide and at +1 for the matur 
protein. 

The assignment of the methionine at —47 as the initiatin, 
methionine of the prepro- protein needs to be confirm 
amino acid sequencing of the primary translation produ : 
penta argument in support of this assignment; is that the 








CTE PD TAAANTTATATTTTCPTTTAAAGAAATATUTATICATITOPACTETTT 
AARE, ATEPITEPITITETIIETTGATAAATAAAANTATCCATTCTAAGGCRACTGCTGUITTATTIY 142 
AAGATAAACARTATATTTTATATCTTAAAATTACCATAATTTAACAATGGGATTICATCAATGCCAACAATA 213 
RAGGA TTTCCARTGNGGGAGETCATGCGGECACAACAGCCTTARAATCAAATCAAARAAA AGGGAAA 304 


























Met Phe Thr Ser Leu Lys Lys Val Ala Thr Phe Ser Phe Leu Val Trp 

GAAGT ATG TTT ACT TCT CTT AAG AAA GTT GCT ACT TTT TCC TTT CTA GTT TGG 338 
-30 “25 

ie Ser Gin Tyr Ser Gly Ser 

SCATA TCT CAA TAT TCA o@ HEE TAAAGCTAATGATRAAAATTATATATATGTTATOTT? 402 


TOTTATTTTACA, TACTTTAAATTAAAAATA TGATAATATARARARAAAGAAAAATCTTTAACATTTAATT 473 
-24 -20 


Asn Ser Cys Ser Ser Ser Leu Val Lys His Ile Pro Gin 

AAT TCA TGT AGC TCC TCA CTT GTC AAA CAT ATC CCA CAA 529 
-l i 

Thr Phe Asp Arg Vai Lew’ val Gla Asp Thr Val His Pro 

TCA AAC TTA ACA TTT GAT AGA GTT TTA GTA GAA GAT ACA GTA CAC CCT 583 

L 


Leu His Glu Glu His Hig His His His Pro Glu Glu His Bis Glu Pro 
CTC CAT GAA GAA CAC CAC CAT CAT CAT CCC GAG GAA CAT CAT GAA CCA 637 


Gla Glu His Hig His His His Pro Glu Glu His His Glu Pro His His 
GAA GAA CAT CAC CAT CAC CAC CCT GAG GAG CAT CAT GAA CCA CAT CAT 691 


His His His His His Pro His Pro His His His His His His His Pro 
CAT CAC CAT CAC CAT CCT CAT CCT CAT CAT CAT CAC CAT CAT CAT CCT 745 


His His His His Leu Gly His His His His His fis His Ala Ala His 
CAT CAT CAC CAC CTA GGA CAT CAT CAT CAT CAT CAT CAT GCA GCA CAT 799 


Glu Glu His His His His His His Ala Ala His His His His 
GAA GAG CAT CAT CAC CAC CAT CAC GCA GCA CAT CAC CAT CAT 853 


His His His His Ala Ala His His His Pro Trp Phe His 
CAC CAC CAT CAC GCA GCA CAT CAT CAT CCA. TGG TTT CAC 907 






Tyr His His His His Ala Pro His His His His His His 
TAT CAC CAT CAC CAT GCT CCA CAC CAT CAT CAC CAC CAT 961 

























His His His His His His His Ala Pro His His His His 
GCT CCA CAC CAT CAT CAC CAC CAC CAC CAT GCT CCA CAC CAT CAT CAC 1015 


Hig Ala Pro His His His His His His His His Ala Pro His His 
CAT GCT CCA CAC CAT CAT CAC CAC CAC CAC CAT GCT CCA CAC CAT 1069 


His His His Gly His His His His Hie His Bis His His Gly His 
CAC CAT GGT CAC CAC CAT CAT CAC CAC CAC CAC. CAT GGT CAC 1123 


His His Ais His Gly His His His His His His His His His 
CAC CAC CAC CAT GGT CAC CAC CAT CAT CAC CAC CAC CAC. CAT ALT? 


4 His His His His His His Bis His Asp Ala His His His His His His 
CAT CAC CAC CAC CAT CAT CAT CAC GAT GCA CAC CAC CAC CAC CAT CAT 123) 


Asp Ala His His His His His His His His Asp Ala His His His His 
GAT GCA CAT CAC CAC CAC CAC CAT CAT CAC GAT GCA CAT CAC CAC CAC 1285 


His His Asp Ala His His His His His His His His Asp Ala His His 
CAT CAC GAT GCA CAC CAC CAC CAC CAT CAT CAT CAC GAT GCA CAC CAC 1339 


His His His His Asp Ala His His His His His His His His Asp Ala His 
CAC CAT CAT CAC GAT GCA CAT CAC CAC CAC CAT CAT CAT CAC GAT GCA CAC 1393 


His His His His His Asp Ala His His His His Wis His His His Asp 
CAC CAT CAT CAT CAC GAT GCA CAC CAC CAC CAC CAT CAT CAT CAC GAT 1447 


W His His His His His His His His 
CAC CAC CAC CAC CAT CAC CAC CAC TAATGGGTTCACCAAGACATCACTCTTAAGGGG TG 1509 


TAGACTATITTTLACTGTITAATCTTTATITCCAGTGATTCCATTTCTTCATTATICAATOATC 1648 


Fig.3 Nucleotide sequence of the gene for histidine-rich protein 
‘and the predicted amino acid sequence of the prepro-protein, 1,648 
nucleotides are shown, corresponding to the region indicated in 
Fig. 2. The predicted amino acid sequence is numbered beginning 
at ~47 for the signal peptide and at —24 for the pro-peptide. The 
‘mature protein begins at amino acid 1 and corresponds to the 
N-terminal amino acid sequence obtained by Howard et al.?, V, 
A potential signal peptidase cleavage site'*'°; W, the processing 

between the pro-protein and the mature protein. A potential 
site for Asn-linked glycosylation in the pro-peptide portion is 
overlined. The 5’ and 3' putative splice sites are boxed and demon- 
trate considerable homology to the consensus splice sequences. 


splice 
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ATGTGAATTTATTTAAATAGAATAAGCATTTATATATATATATATATATATATATATATGCAAATACAT 1580 





residue-long sequence following the methionine at —47 is highly: 
characteristic of a signal peptide containing a stretch of hydro- < 
phobic residues and two charged residues (Lys —42 and Lys 
~41) preceding this hydrophobic stretch. The only other in- 
frame initiation codon further upstream (nucleotides 199-201) 
would encode a sequence that is not characteristic of a signal 
peptide. 

The assignment of the signal peptidase cleavage site between 
residues —25 and ~24 is based on consensus features which 
have been proposed for this site'*'®. Definitive assignment of 
this site must await NH,-terminal sequencing of in vitro synthe- 
sized histidine-rich protein that is segregated by dog pancreas 
rough microsomes” and that can be expected to have its signal 
peptide removed by the dog pancreas microsomal signal pep- 
tidase at the correct site”. 

The signal peptide is followed by a pro-peptide that shows a 
consensus glycosylation site at Asn ~8. Histidine-rich protein 
synthesized in a cell-free system and segregated by dog pancreas 
microsomes was indeed found to be core-glycosylated’. The fact 
that the mature protein is not core-glycosylated suggests that 
the core-glycosylated pro-peptide portion is removed on trans- 
port from the rough endoplasmic reticulum to the membrane- 
bound granules. There are precedents for the existence of core- 
glycosylated propeptides in the synthesis of other secretor 
proteins, the mature forms of which are not core-glycosylated®, 
Whether the propeptide of the histidine-rich protein is also 
glycosylated in vivo remains to be shown. 

The most striking features of the sequence organization of 
the mature protein are the tandemly repeated elements. The 
histidine-rich sequence begins at amino acid 12 with a sequence 
(Glu)>-(His);-Pro-(Glu)-(His)3-Glu-Pro-(His)> repeated once. 
Amino acids 44-76 appear to have a degenerate repeat of the 
form X-X-(His)s-X-X-(His), repeated once; this is followed by 
two repeats of the sequence (Ala)-(His)5-(Glu)-(His),-(Ala)., 
five repeats of the sequence Ala-Pro-(His),, three repeats of the 
sequence Gly-(His), and finally nine repeats of the sequence 
Asp-Ala-(His)s, with one copy of the sequence Asp-Ala-(His),. 

On the assumption that there is no trimming at the COOH 
terminus, the mature histidine-rich protein is calculated to have 
a relative molecular mass of 43,000, containing 74% histidine. 

The predominant residues in the mature protein other than 
histidine are Ala, Glu, Pro and Asp; Asn, Arg, Cys, Gin, Ile, 
Lys, Met and Ser are completely absent. These data are in close 
agreement with the previously reported amino acid composition 
of mature histidine-rich protein. This exceptional amino acid 
composition is probably responsible for the abnormal migration 
of the protein on SDS-polyacrylamide gel electrophoresis’. 


Site of the 5’ exon 


Two synthetic oligodeoxynucleotide probes comprising the 5’ 
exon were synthesized. These oligonucleotides were 5’ end- 
labelled and used as probes to determine the genomic organiz- 
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4: The organization of the histidine-rich protein DNA, mRNA and the expressed protein. A schematic representation of the gene and 


its transcript are shown with the intervening sequence (IVS) indicated in the gene. The protein is divided into a pre (signal) sequence, a 
pro-peptide and mature protein. Transcribed and untranslated (UT) sequences are indicated. The precise 5’ initiation site of the mRNA has 
‘not been determined and is indicated by-the sawtooth line at the 5‘ end of the DNA and mRNA. A 427-bp. Aval-Hinf fragment derived from 
the genomic clone 8A is indicated, as is a 42-bp Aval-Rsa fragment used in the primer extension studies described in the text. The fragments 
were derived from the non-coding strand and were 5’ end-labelled *. 
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` “ATTAGGATTTCCAATGAGGGAGG TCATGCGGCCACAACAGCCTTAAAATCAAATCAAAAAAAAGGGAAAG 


Met Phe Thr Ser Leu Lys Lys Val Ala Thr Phe Ser Phe Leu Val Trp 
GAAGT ATG TTT ACT TCT CTT AAG AAA GTT GCT ACT TTT TCC TTT CTA GTT TGG 


Ile Ser Gin Tyr Ser Gly Ser 
ATA TCT CAA TAT TCA GGA AGC 


Fig. 5 Mapping the intron in the gene for histidine-rich protein. 
a, S, nuclease mapping; b, primer extension. Lane 1, an 
autoradiogram of the DNA sequencing gel for the genomic Aval- 
: Hinf fragment; lane 2, the primer-extended fragment. c CDNA 
“sequence of the 5’ exon and untranslated region deduced from the 
“primer-extension experiment in b. The predicted amino acid 
sequence is shown above the nucleotide sequence, identical to the 
genomic sequence in Fig. 3, The sequence beyond the break point 
is shown, corresponding to the 5‘ exon sequence. (Identical 3’ 
sequences for the two fragments are not shown.). 
Methods: a, A 427-bp Aval-Hinf fragment, spanning the intron- 
exon border, was isolated (see Fig. 4), labelled on the 5’ 
.Aval end and strand-separated on a 10% polyacrylamide gel™. 
210" c.p.m. were co-precipitated with 10 yg of P. lophurae mRNA 
in 70% ethanol at ~20 °C for 16 h. The precipitate was resuspended 
in 30 wl of 80% formamide, 0.4 M NaCl, 40 mM Pipes, pH 6.4 
and 1 mM EDTA. The reaction was incubated at 80°C for 15 min, 
rapidly cooled to 50 °C, then incubated at 50 °C for 3 h. The reaction 
was diluted with 0.3 ml of S, buffer (0.28 M NaCl, 0.05 M NaAc, 
pH 4.5, 4.5 mM ZnSO,) and 300 units of nuclease S, were added. 
The reaction was incubated for 30 min at 37°C and stopped by 
adding 10 ul 0.5 M EDTA. After phenol-chloroform extraction, 
¿the S; nuclease-resistant material was ethanol-precipitated, resus- 
“pended in 95% formamide and dyes and fractionated on a 10% 
acrylamide, 7 M urea sequencing gel. The gel was dried and 
-alitoradiographed for 16h. Size markers (lane 1) are indicated, as 
is the position of the protected DNA fragment at 130 nucleotides 
(lane 2)..b, A:42-bp Aval-Rsa fragment was labelled on the Aval 
end, strand-separated and coprecipitated with 10 ug of P. lophurae 
mRNA in 70% ethanol at —20 °C for 16 h. The pellet was resuspen- 
ded in 50 pl of 70% formamide, | mM EDTA, 0.5 M NaCl, 40 mM 
Pipes, pH 6.4 and incubated for 16h at 56°C. The hybridized 
material was collected by ethanol precipitation and resuspended 
in 50p1 of 0.1 M NaCl, | mM EDTA, 10mM Tris, pH 8.3. An 
extension reaction of 100 1 volume containing 50 mM Tris pH 8.3, 
10 mM MgCl, | mM of each of the four DNTPs, 10 mM dithioth- 
reitol and 100 units of reverse transcriptase was incubated at 42 °C 
for | hand terminated by the addition of EDTA to 10 mM, followed 
by phenol extraction and ethanol ‘precipitation. The pellet was 
resuspended in formamide-dye loading buffer and fractionated on 
a 10% DNA sequencing gel. The resulting 600-nucleotide fragment 
"was eluted from the gel and subjected to DNA sequencing by the 
_ method of Maxam and Gilbert’. The arrow indicates the break 
point of the two sequences, which corresponds to the intro-exon 
junction (see Fig. 3). 
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Fig. 6 Multiple occurrence of the signal exon 
sequence in the P, lophurae genome. Two synthetic 
oligadeoxynucleotides with the sequences 
5' CCAAACTAGAAAGGAAAAAGTAGCE 3 (com- 
plementary to nucleotides 315-338) and 
5’ AACTTTCTTAAGAGAAGTAAACAT 3's (com- 
plementary to nucleotides 291-314) which correspond 
to the signal exon sequence (see Fig. 3) were synthe- 
sized, Y end- labelled to a specific activity of 1 x 10* 
Cp.m. pe” t and purified on a 15% acrylamide, 7M 
urea gel. DNA from P. lophurae was digested with 
EcoRI (lane 1), Hind] (lane 2) and Bgill (lane 3), 
transferred to nitrocellulose and hybridized with 107 
cpm., of the oligonucleotide probes at 50°C in 6x 
SSC, 0.1% SDS, 10x Denhardt's and 200 mg ml” 
salmon sperm DNA for 16h. The filter was washed 
twice at 25 °C in 6 x SSC, 0.1% SDS and twice at 37°C 
in 6 x SSC, 0.1% SDS. The filter was dried and exposed 
to Kodak XAR film at ~70°C. with an intensifying 
screen for 16h. The 0.5-kb EcoRI and 7.7-kb Hind 
gene fragments are indicated. 


ation of the 5‘ exon in the P. lophurae genome. (Fig. 6) 
addition to the expected 0.5-kb EcoRI fragment and the 
HindIII fragment (see Figs 1 and 2), multiple DNA fragments 
were detected with the enzymes chosen to digest the P. loph 
DNA, whereas only a single DNA fragment hybridized to th 
cDNA (see Fig. 1), indicating that the 5’ exon sequence is prese 
in multiple copies in the genome. Hybridization at redu 
stringency using the 1.8-kb EcoRI fragment failed: to det 
additional cross-hybridizing sequences (data not shown) 

To determine whether any of these cross-hybridizing : 
ces are closely linked to the gene for histidine-rich protei) 
8A and subclone 8A-1 were digested with multiple ‘res 
endonucleases; no additional DNA fragments hybridi: 
the oligoncueotide probes (data not shown), establishi 
>2.0kb must separate the signal peptide exon from the 
hybridizing sequences. 



























Conclusions 


Tandem repeats have been reported for other Plasmodium p: 
teins in which the amino. acid sequences derived from th 
cDNA and genomic clones reveal only one type of rep 
remains to be seen whether these proteins, like histidine 
protein, show several distinct repeats. The sequences. of 
repeats differ in all these proteins. 
The surface antigens of Plasmodium falciparum may be 
family of molecules comprised of repeating, antigenically d 
tinct subunits'’. If histidine-rich protein becomes. a surfa 
molecule of P. lophurae, it. must be secreted. Indeed, its earl) 
biosynthetic forms resemble those of secretory proteins 17.. 
it has not yet been established whether, and at what point o 
parasite development, secretion of the protein occurs. 
secretion does occur, it would be followed by disassembl 
the protein aggregates (perhaps by partial proteolysis) bef 
association with the parasite surface. : 
The 131-nucleotide intron separating the signal peptid 
encoding exon from the exon coding for histidine-rich- 
protein demonstrates highly conserved splice sequences. O 
interest is the occurrence of a sequence element at nucleotide: 
458-466 (TCTTTAACA), 22 nucleotides upstream of the 
splice site, which is very similar to the splicing signal sequenc 
in yeast (TACTAACA)?» 2 This TACTAACA box has beer 
found 20-55 nucleotides upstream of the 3’ splice site in all split 
protein-coding nuclear genes of Saccharomyces cerevisiae an 
is an essential element of the yeast splicing mechanism. Thes 
data suggest that Plasmodium possesses the cellular machiner 
to process. precursor RNAs into mature message, perhaps usin, 
a mechanism similar to that of yeast. 
We have shown here that the sequence comprising the signa 
peptide-encoding exon is present in multiple copies in the 
lophurae genome. Thus far, the conservation of a signal sequen 








he DNA level is unique to lophurae and without precedent 
n other genomes. This finding is particularly interesting when 
iewed in the context of a 35-bp long sequence that occurs in 
andem array in the genome of trypanosomes. This sequence 
an be translocated and is found associated with mRNAs 
ding for variable surface glycoproteins”-** and other cellular 
RNAs”. This 35-bp sequence of unknown function occurs at 
e 5'-untranslated end of these mRNAs. Our data, presented 
ere, demonstrate the redundancy of a 5’ exon for another 
rotozoan and suggest that a coding sequence of known function 
y be used by a diverse population of genes. Investigations 
re under way to identify these signal peptide-encoding exons 
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runaway instability 
in thick accretion disks? 
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thers have proposed’ that thick disks of material accreting 
jund black holes may be subject to a runaway instability. If the 
ass of the disk exceeds a critical value (ma, > 0.01 Mnoie), the 
sk drains into the hole on a dynamical time scale, We report 
a study of this effect, using models of non-self-gravitating 
in the Kerr metric, which enables proper allowance to be 
ide for the effects of black-hole rotation and the increase in the 
in of the hole as it accretes. We conclude that there is no runaway 
tability in these systems. 
e construction of disk models in the standard approach, 
‘to the school of Abramowicz, is straightforward’. For an 
ymmetric stationary space-time, the metric has the form* 


ds? =—e?’ dP? +B? sin? 0 e™ (dg —w dt) 
+e (dr? +7? de?) (1) 


jere v, m, w and B are functions of polar coordinates r and 
f the disk has negligible influence, equation (1) will be the 
tr metric. The specific angular momentum of the disk 
al, |, is given an assumed distribution; but here I is taken 
: constant, for reasons discussed below. The disk material 
umed to be barytropic; here it has the equation of state of 

tropic radiation-dominated plasma, with px p*”? (p is 
rest-mass density, and.the total mass energy density is 
o+3p). However, these assumptions are not critical. By 
ming only azimuthal motion and that / is constant, the 
ynamic equations can be integrated to give? 


+ 





p dp 
f z477 W- Wom -in w/o (2) 


where W is the combined gravitational and centrifugal potential 
nd u, is the appropriate component of the four-velocity, which 
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has a physical meaning as the specific ‘energy at infinity’ and 
is calculated from / and the metric’. The quantities up and W, 
are those evaluated at the inner edge of the disk. For the equation 
of state assumed here, equation (2) becomes 


Uy ? 
£ . (5 ') 9 
defining K as a parameter that depends (inversely) on the 
entropy. If K is large, the disk material is cool. The specific 
angular momentum, /, must lie between lms, the angular momen- 
tum of the innermost stable orbit, and Lap, the angular momen- 
tum of the marginally-bound circular orbit. If I~ lm, the disk 
is very small, whereas if !~ lm the disk is very thick. 

The potential W has a cusp, due to relativistic effects, along 
a ring in the equatorial plane (see, for comparison, Fig. la of 
ref. 1). This cusp defines a critical equipotential surface 
(analogous to the Roche lobe in binary systems) within which 
a stable disk must be confined, otherwise material will flow into 
the hole. Using the Kerr metric and the integral for the mass of 
a rotating fluid configuration (equation (3.49) of Bardeen’), the 
mass of a non-self-gravitating disk that just fills its critical surface 
can be written as 


Maiss = Km(M, J, 1) (4) 


where m, is a function of the hole mass M, its angular momentum 
J, and the specific angular momentum of the disk material L 
Equation (4) can be solved by straightforward numerical 
integration. 

Consider now what happens if a mass 4m is transferred from 
the disk to the hole. The mass of the hole rises by dm, and, as 
the material has specific angular momentum [ the angular 
momentum of the hole rises. by /6m. The metric around the hole 
changes and so does the four-velocity component u, in the flow. 
If the accretion process is axisymmetric, we expect the specific 
angular momentum to remain constant. There are three flow 
variables in general relativity that reduce to the newtonian 
specific angular momentum in that limit: these are u, (four- 
velocity component), J=—u,/u, and j=(e+ p)u,/p. The 
equations of motion.imply that if l is constant, then j is constant. 
In an axisymmetric flow, j is conserved along the flow’. Thus, 
if j is constant at the start, any axisymmetric accretion will leave: ee 
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we Fig 1 Curves of the critical surface mass function, m, (M, J, 1) 

asa function. of increasing hole mass, M: m, increases along the 

“accretion trajectories defined by various values (given) of j/ Mo- 

© (J=0 when M= M,—the initial mass.) As dm,/dM > 0 every- 

where, these ‘curves show that all non-self-gravitating disks are 
stable with respect to the runaway instability. 








: -j with the same value, independent of the mass-transfer process; 
This simplification is the reason for choosing | to be constant. 
During accretion, u; decreases, implying that / increases, so the 
result of accretion is a disk with the same (constant) j and a 
larger l 

The runaway instability arises when a disk that just fits its 
critical surface loses a little of its matter to the hole. If the 
critical surface shrinks, the remaining. matter may not fit in the 
surface, whereby more mass is lost to the hole, and so the process 

: continues. 

In the accretion process, unless energy is lost to infinity, the 

; gravitational mass of the system. (M; =M + Mask) is con- 

vstant. Consider a disk just filling its critical surface, for which 

“Mask = M.(M, J, D, that loses 5m tothe hole. The total mass of 

a system comprising a hole of increased mass and a critical 
surface-filling disk, with the same entropy (assumed constant 
in the process) and the same j, is M),=M+é6m+ 
KMM + 8m, J + l8m, 1+. 81). If M;> Mi, then the disk does 
not fit the new critical surface and an instability arises. This 

.- condition can be shown to be identical to that at which the rest 

` mäss fits the critical surface. A set of M, j, /such that dJ/dM = |, 
and j is constant; defines the ‘accretion trajectory’ that a black 
hole and’ disk will follow, if mass is gained from the critical 
surface. Then the condition for stability along an accretion 
trajectory can be stated as 






——= > — | (5) 


“> The ranges of parameters that must be considered are 0< 
J/M?<1-and lns 1S lap. It is found, throughout this param- 
eter space, that dm,/dM > 0, so all non-self-gravitating disks 
with constant | are stable with respect to the runaway instability. 
Figure. | illustrates this in showing m, always increasing along 
the accretion trajectories. 

Why does our result differ from that of Abramowicz et al.'? 
In simple terms, the size of the critical surface is governed by 
the ratio (1—1,,,)/Clap lms): When it is large, the disk is large. 
As the hole gains mass, lms, tends to increase; if | is fixed, as it 
- isin the pseudo-newtonian calculation, the ratio decreases, and 
the critical surface shrinks: The inclusion of relativistic effects 
changes this in two ways: first; as the hole accretes matter, it 
spins up, and a spinning hole has a lower lms than a non-spinning 
hole; second, I increases as the accretion proceeds. These two 
effects combine to make the ratio rise rather than fall when mass 
is transferred. Self-gravity i is unlikely to affect this result. 
\ recent: -paper shows that constant angular momentum 
ewtonian) disks are-subject to a non-axisymmetric instability. 
is. unclear whether such a disk is completely dis- 
















subject to the runaway instability. Specific angular momentum, 
I, must increase outwards, so when material is lost from the 
inner edge of the disk to the hole, it is replaced by material 
a higher value of |, which is more stable Thus a disk 
non-uniform l is less subject to runawa 
with uniform J, which, in turn, is. stab 
process. 

I thank M. Abramowicz for usefu 
for financial support. 


Received 14 September; accepted 11 October 1984. 
. Abramowicz, M. A, Calvani, M. & Nobili, L. Nature 362, : 


I 

2 1 

3. Jaroszynski, M., Abramowicz, M. A. & Paczynski, B: Acta 

4, Bardeen, J, M. in Les Astres Occlus (eds DeWitt, C..& DeWitt 
Breach, New York, £972}. 

5. Seguin, F. H. Astrophys. J. 497, 745-765 (1975). : 

. Papaloizou, J. C. B. & Pringle, J. E, Mon, Not. R. astr. Soc. 208, 721-1 








Possible detection of a ring 
system in Saturn’s magnetosphere 
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The region of the magnetosphere of Saturn around 14 
19 radii has been of special interest since the -detection 
anamolous dips in the low-energy plasma: ion-densi 
regions by the Voyager 1, Voyager 2 and Pioneer 11 sp 
Lazarus et al. suggested that these density dips. ma 
long-lived particulate or gaseous structures in the equat 
of Saturn’. Baron and Elliot, using the charge-coupled de 
(CCD) imaging technique, found no evidence of any m 
existing between 10 and 36 Saturn radii”. Their negative res 
however, have:set an upper limit on the extent of a possible mat 
cloud with several assumptions regarding its nature and d 
We have observed the occultation of the star SAO158913 fro 
two stations in India following predictions by Mink*. This st 
showed symmetric dips in the light curves on 24 March 
(immersion event) and on 25 March 1984 (emersion event), sugges 
ing the possible presence of particulate matter. 

Figure | shows the path of the star relative to the planet. Th 
outermost ellipse is the projection on the sky plane of a circu 
ring at 14 radii. The next ellipse inwards represents the projecti 
of the observed ring. The visible inner rings are also shown. 
comparison. ene 





Fig. 1 Path of the star relative to the planet. The outermost el 
isthe projection on the sky plane of a circular ring at 14 rad The 
next inner ellipse represents the projection of the observed at 
~12.5 radii. The visible inner rings are also shown for.com f 








Observations were made on the 102 cm reflector at Kavalur* 

itude +12° 34.58’, longitude —5h 15 min 19.6s) using an 
/ 58 photomultiplier cooled with dry ice. Continuous d.c. 
cording (strip-chart recorder) and pulse counting using 
trumentation developed locally were performed simul- 
eously on both nights. The continuous recording had a time 
nstant of Is whereas a 5s integration time was used in the 
oton counting mode. The observatory had photometric 
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immersion on 24 March 1984 from 
avalur; b, emersion on 25 March 1984 from Kavalur, reversed 
r comparison with curve a; c, immersion on 24 March 1984 from 
aini Tal. The Kavalur light curves were synthesized using the 
outpåt of the photon counting unit with an integration time of 5 s. 
The normalized Nain Tal light curve was generated by digitizing 
e strip-chart record at 5-s intervals. The bottom and top scales 
long the abscissa give in each case the time in UT and the 
planetocentric distance in Saturn radii, respectively. Sky back- 
7 ground has been subtracted in each case. 


Fig.2 Light curves: a, 
K 





observing conditions operating throughout 24 March and until: 
22 h 30 min UT on 25 March, as confirmed by steady photoelec- 
tric records taken over almost the entire duration. Observations 
on 24 March were made without a filter, whereas a standard 
B-filter [BG 12(4 mm) + BG 18(2 mm)+GG 4(} mm)] was intro- 
duced on 25 March. A circular diaphragm of 12.4 arc s diameter 
was used on both nights. 

The observations were made at night at Kavalur from 18h 
19 min to 21 h 25 min on 24 March, and from 20 h 3 min to 22h 
30 min on 25 March. On both nights the light curve was steady 
except for one brief interval each night lasting for ~42 min. 
Figure 2a and b shows the 5-s counts for these periods on the 
two nights after subtraction of the sky counts. The appearance 
of curve b has been reversed so that the structures of possible 
occulting material clouds can be easily compared on either side 
of the planet. Figure 3 shows the variation in star light as 
recorded by the strip-chart recorder. Gradual variation in 
intensity during immersion is observed between 19 h 55 min and 
20h 33.5 min; two sharp features appear between 20h 14 min 
and 20h 20 min. Similarly, during emersion, gradual variation 
in intensity is observed between 20h 5 min and 20h 45 min, 
and the sharp features appear between 20h 18 min and 20h 
24 min. Besides these, several other extinction features of lower 
magnitude are apparent in these records. On the immersion side 
(24 March), the broad-band photometry indicates a maximum 
drop of ~0.77 magnitude, whereas on the emersion side (25 
March), B-filter measurements show a maximum extinction of 
~0.15 magnitude. 

Additional observations on 24 March, 1984, at Uttar Pradesh 
State Observatory, Naini Tal (latitude +29° 21.65’, longitude 
~5h 17 min 49.71 s), were made with a 104 cm reflector using 
a standard V-filter and an EMI 6094 s photomultiplier (thermo- 
electrically cooled to —20 °C). The photomultiplier output was 
recorded on a strip-chart recorder. Figure 2c shows the strip- 
chart data digitized at intervals of 5s. The maximum decrease 
in stellar flux is ~0.23 magnitudes. No observations could be 
made from Naini Tal on 25 March 1984 because of cloudy sky 
conditions. 

Assuming that the observed extinction is caused by material 
orbiting the planet in the equatorial plane, we have calculated 
the planetocentric distances of the occulting material. Approxi- 
mate positions of the two bodies have been extrapolated from 
data in ref. 3, which differ somewhat from those indicated by 


Fig. 3 Copy of the strip-chart rec- 
ord showing prominent features of 
the light. curves obtained at Kavalur: 
a, immersion event on 24 March 1984 
(20h 12 min-20h 23 min); b, emer- 
sion event on 25 March 1984 (20h 
26min-20h 14min) reversed to 
allow direct comparison with the 
immersion light curve. The complete 
record is not shown (see text for 
description). Amplifier gains were 
different on the two days. Full scale 
correponds to 10 mV, 














< the American Ephemeris record (1984) and the Smithsonian 
“Astrophysical Observatory catalogue. More accurate values of 
“the relative positions of the two bodies may become available 
` when the times of A-ring occultations are determined. Hence 
our planetocentric distances are subject to modification by other 
events in the occultation not as yet taken into account. A typical 
error of 1.5” in declination and 0.1 s in right ascension, in either 
the star position or the planet’s ephemerides, shifts the shadow 
centre of the planet by ~0.16 Saturn radii. Therefore, the calcu- 
lated values for planetocentric distances may be in error by this 
amount. 

The shapes of the main features of the three time profiles 
` (Fig. 2) are similar, though the extinction magnitudes are differ- 
ent.. The results indicate the probable existence of occulting 
material in orbit around Saturn at a planetocentric distance of 
~~ 12.5 Saturn radii. The planetocentric distances of the promi- 

nent features are not exactly the same in the three sets. This 
minor difference could arise from uncertainty in the relative 
positions of the star and the planet as mentioned above. The 
large discrepancy in the extinction magnitudes on the immersion 
side, as observed from the two sites, is puzzling, although the 
< B-filter measurements on the emersion side almost agree with 
the V-filter observations on the immersion side. A realistic esti- 
-mate of albedo from optical depth measurements depends on 

“detailed modelling of the ting, which itself must await the results 
of further observations of occultation in other wavelength bands. 
An optical depth inferred from our observations would, in any 
case, generate an albedo of at least one or two orders of magni- 
tude greater than the upper limit set by Baron and Elliot”. This 


apparent inconsistency clearly emphasizes the necessity for more ' 


ground-based observations before further progress can be made. 


Received 5 July; accepted § October 1984. 
k Lazarus, A. J, Hasegawa, T. & Bagenal, F. Nature 302, 230-232 (1983). 
2. Baron, R. L. & Elliot, J. L. Astr. J. 88, 562-564 (1983), 

‘9. Mink, D. J. Astr. J. 88, 559-561 (1983). 

4, TAU Cire. No, 3941; Corrigendum: JAU Cire. No, 3945 (1984). 


‘nea A EE UE ET RTL EEE 
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Since the launch of the Solar Maximum Mission (SMM) satellite 
on 1980 February 14, the Gamma-Ray Spectrometer (GRS)' has 
been monitoring the Sun in the energy range 0.3-100 MeV. 
Because of its large geometric area and good spectral resolution, 
the GRS has provided unprecedented spectral and temporal infor- 
mation about solar flares, of which 139 have been monitored. We 
report here on an analysis of the temporal distribution of these 
high-energy events to provide information on solar activity and 
find that, instead of. being randomly distributed in time, these 
events have a tendency to occur in groups with a mean spacing of 
~154 days (75 nHz) over the observing interval. A larger sample 
of flares (>500), with an X-ray classification of >M 2.5 recorded 
_by the GOES satellites, showed a similar regularity. 
The SMM satellite was launched into a near-circular orbit 
with an inclination of 28.5° and an altitude of 570 km. The orbit 
“ precesses, relative to the Earth-Sun line, with a period of ~48 
s. Because of the decay of the orbit, the period of revolution 
eased. In November 1980, the fine-pointing attitude 
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stabilization malfunctioned, halting operations of the ‘sol 
imaging instruments, but adequate stabilization was maintain 
for the GRS and two other instruments using magnetic torquin: 
bars. This failure did not affect the GRS measurements becau: 
of the large field-of-view of the detector (~27 sr). South Atlanti 
anomaly passages and the occultation by the Earth’s orbit 
the duty cycle for the observation of solar events to. 
Since the launch, the instrument has functioned proj 
no evidence of degradation. In the period October 1 
April 1984, after the repair mission, data recovery was sporad 
though normal operations are now continuing. This paper de 
only with observations made from 1980 February 19 -to 
September. a 
The search for energetic photon solar flares was perfo 
by visual screening of the counting rates at ~300 keV, 
low-energy threshold of the GRS, and by a computerized ana 
sis of fluctuations in the 350-800-keV energy band’. The 
origin of any transient event identified in this search was con. 
firmed by solar observations made at other wavelengths’. Ove 
the period from the launch to September 1983, we have identifie 
139 solar flares emitting continuum radiation of ener 
=300 keV. Figure 1 shows the temporal distribution of t 
flares. The flare frequency was rather high throughout 198 
despite the fact that the mean sunspot number had decrea: 
by ~30% from its maximum’. In fact, the interval of greate: 
energetic photon flare activity occurred in June/July ai 
November/December 1982, 2-3 years after the suns 
maximum for this cycle. A time delay with respect to the sunsp: 
maximum was also found in previous solar cycles for so 
energetic particle events (ground level effects)". The freques 
of hard flare events decreased dramatically in 1983, reflec 
the continuous decrease in the relative sunspot number 
other activity monitors such as the 10.7-cm radio flux, 
We also note from Fig. 1 that the flares tend to occur in.g 
which are spaced by about 5 months. Eight groups are 
with their centres near 1980 June and November, 19 
and September, 1982 February, July and December anc 
May. We have assessed the quantitative significance 0 
apparent groupings by calculating a Fourier power spectrum 
the time distribution of flares in which each is treated as | 
independent event irrespective of its parent active region (Fi 
2a). Several peaks are seen, the most significant (labelled A, 
and C in Fig. 2a) being centred at 75, 155 and 227 nHz respe 
tively, the latter two being the second and third harmonics of 
peak A. The subsidiary peaks around A, that is, A’ and A" ar 
consistent with the power spectrum of a periodic time se 
truncated by the 1,185-day observation time interval. The full 
width of the primary peak A (~10 nHz) is somewhat wider t 
that expected for a ‘pure’ sine-wave time series trunca od 
1,185 days (T) which would be 2/4T =4.9 nHz (ref. Th 
other peaks are not identified. Although it is not shown in Fi 
2a, we note that there is no significant power at a frequenc. 
429 nHz corresponding to the 27-day period of the solar rotat 
A detailed study of the time distribution of the flares a 
their active regions shows that two regions AR 3317 a 
AR 3804, were particularly prolific, producing 7 and HA 
in 1981 and 1982, respectively. Each region produced their fla 
within a short time span (~10 days) and the time intery 
between the two regions was ~10 months. Removal of thes 
events from the time series resulted in a power spectrum whic 
still had the most pronounced peak at 75 nHz, but with its pea 
power reduced by a factor of 1.5. Therefore, the events of thes 
regions are not the sole cause of the strong peak in the pow 
spectrum at 75 nHz. We have also calculated the power spectral 
density (PSD) using an independent fast Fourier-transform pro 
gram® on the same time series. In this case, all the strong features 
of Fig. 2a are reproduced and at the same frequencies. Te 
estimate the significance level of the peak at 75 nHz, whos 
formal probability is >60 (ref. 7), four time series were ru b 
this program, replacing the 139 observed events with an equ 
number of random. ones within the same 1,185-day intervals 
The PSD from random peaks in these test cases never exceede 
























































40 of that for the real peak at 75 nHz, shown in Fig. 2a. 
esult confirms our formal estimate of the significance of 
real peak: it is evident that this peak does not occur by 
ce and represents a strong 154-day recurrence tendency for 
tgetic photon flares (>300 keV) during the time period of 
servations. 
As already mentioned, we have to work with an incomplete 
ta sample, because about half of the flares cannot be observed 
ng to the orbit of the SMM satellite. However, the data gaps 
‘oduced by the occultation and the close passages of the 
th Atlantic anomaly are of such a high frequency (170 pHz 
11.6 Hz, respectively) that they cannot be the cause of any 
facts around the main peak in Fig. 2a. The precessional 
m of the orbit, which shows up as a slight change in the 
imental background (+10% ) around 300 keV with a period 
ys (~240 nHz), has a negligible influence on the detecta- 
f flares. Finally, a Fourier analysis of 70 cosmic y-ray 
sts observed by GRS as a by-product has revealed no spectral 
urë around 75 nHz. 
fold the flare-event times with the apparent period of 
54 days, starting on 1980 May 26, and using a bin size of 15.4 
, we obtain the phase histogram shown in Fig. 3. Out of a 
| of 139 events, 48 (35%) occur within one 15.4-day bin. 
roken line indicates the number of active regions which 
ited the flares in the respective time bin. To test whether 
parènt nonuniformity of the latter distribution is statisti- 
ignificant, we performed y?-analysis. With nine degrees 
edom we obtain x” = 42, which corresponds to a probability 
0° that the time distribution of active regions was caused 
ance. 
lote also that a similar spectral feature at 75 nHz appears 
n a Fourier analysis is performed on all Hard X-Ray Burst 
Spectrometer (HXRBS) events, for which the counting rate was 
! for photons >25 keV (ref. 8). In this case the total 
of flares was 426 and they occurred in a time period 
ng that used in the present analysis and of a similar 
on—1,342 as opposed to 1,185 days. As HXRBS is an 
ent on the SMM satellite, this data sample also suffers 
om the fact that the Sun is visible only about 50% of the time. 
ve therefore analysed flares detected in soft X-rays by the 
atellites with a GOES class of = M 2.5 registered during 
me time interval’. Figure 2b shows the power spectrum 
these 532 events. A prominent peak is seen at 76 nHz, 
correspotiding to a period of 152 days. The difference in the 
od between the GRS events and the GOES events is insig- 
cant if we take into. account the width of the peaks. If we 
flare event times with the period of 152 days, 
ents (or 32% of the total sample) fall in a single phase 
15.2 days. Finally, we removed the 94 GRS flares from 








Fig. 1. Energetic solar flare events 

with photon emission of energy 

> 300 keV are illustrated by short ver- 

tical lines, plotted against time for 

successive years of observation after 
the GRS began to operate. 
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Fig. 2 a, Power spectrum of the time series shown in Fig. 1 (139 
events), The individual peaks marked by letters are explained in 
the text. b, Power spectrum of GOES flares of >M 2.5 (332 events) 
which occurred during the same time interval as the GRS flares. 


the GOES sample to test whether the regularity of the >M 2.5 
events was caused by the regular occurrence of the GRS flares: 
but the power in the main peak ‘was reduced by only 6%. 

Is this regularity in the occurrence of X-ray flares a feature 
of cycle 21 which shows up also in other indicators of the solar 
activity? To check this we have plotted, in the upper part of 
Fig. 4, the monthly mean sunspot number together with the 
eight bursts in y-ray flare activity (phase 0.4-0.5 of Fig. 3). We 
note also some periodic behaviour in the sunspot number, 
because the bursts numbered 3, 4, 5, 7 and 8 coincide closely 
in time with secondary sunspot maxima. For comparison we 
have also shown the declining phases of cycles 19 and 20 by 
arbitrarily aligning in time the absolute maxima of each cycle. 
Cycle 20 is different in appearance from the present one, because 
it is rather smooth, showing no indication of fluctuations which 
repeat at 5 months. Cycle 19, on the other hand, is more like 
cycle 21, because it has well developed secondary maxima, some 
of which follow in time intervals of ~5 months. Dodson and 
Hedeman’ found: that increases in solar activity generally 
occurred with a repetition period of 3-5 rotations. Vitinskii’® = : 
found that the fluctuations in the relative sunspot number range. 
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_ Fig.3 Number of flares, N, per phase bin, folded by a period of 

484 days (full line) and number of active regions contributing flares 

© (dashed line). The absolute times of phase 0.4 (arrow) are: 1980 

©) May 26; 1980 October 27;.1981 March 30; 1981 September 1; 1982 
-o February 2; 1982 July 6; 1982 December 8; 1983 May 12. 
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Fig. 4 Monthly mean unsmoothed sunspot number during the 

declining phases of cycles 19-21 (ref. 4). The cycles were aligned 

arbitrarily in time with their absolute maxima. The bars at the top 

of the figure mark the times with respect to cycle 21 when the eight 
bursts of high-energy flare activity occurred. 


in time from 3 months to 1 yr, with an average duration of 5 

months. The most extensive analysis of the monthly mean sun- 

spot number was carried out by Wolff’! who searched for sig- 
nificant frequencies using a 230-yr data base from 1749 to 1979 
and founda set ranging from 15 to 180 nHz. He interprets these 
as the beat frequencies of the rotation rate of g-modes. (The 
g-modes are thought to be oscillations of the solar interior.) The 
most prominent period of <200 days found by Wolff is 155.4 
days (74.49 nHz), which is close to what we have found for 
energetic solar flares. 

Thus there is clear and ‘compelling evidence for a 154-day 
regularity or periodicity in the occurrence of energetic flares. 
This effect was first recognized and measured for flares produc- 
ing emissions of >300 keV and has been confirmed for flares 
producing soft X rays. The latter data set was obtained from 

multiple satellites having ~100% solar coverage and hence 
moves the possibility of any orbital selection effects. This 
regularity is not a minor effect involving only a few flares but, 
-in fact, involves >30% of all the flares observed. The nature of 
` this 154-day period is not yet understood but may have its origin 

















ide information on solar flare production but will 
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per layers of the Sun. If so, a better understanding will” 









be an important probe of subphotospheric phenomena. H wil 
be interesting to see whether the recurrence period observed fo 
energetic photon flares (>300 keV) persists throughout th 
remainder of the SMM post-repair. mission. : 
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Magnetic field amplification in 
the solar nebula through 
interaction with the T-Tauri wind 
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hence the most primitive of the meteorites, their residual mag 
ation can, in principle, be used to estimate the intensity 
magnetic field in the primordial solar nebular, which varies betw 
0.2 and 1G (refs 1-4), and could be as high as 2-3 G (re 
The presence of palaeomagnetic fields of such magnitude is 
importance in reconstructing the early history of the Solar Syster 
and of planetary formation. Levy and Sonnet, for example, ha 
stressed this point in comparing the respective merits of four 
alternative sources of the primordial magnetic field. They cla 
only two of these are possible: (1) a large solar magnetic fiel 
spread into the solar nebula; (2) a hydromagnetic dynamo fiel 
generated in the solar nebula itself. We show here that there is. 
fact a further possibility that fits the requirements for str 
magnetic field generation and energetic particle irradiation of 
grains®: magnetic field enhancement at the point of. stagn 
between the solar nebula and the intense solar outflows. 
mechanism, which involves the interaction of the T-Tauri wi 
with the solar nebular, is straightforward and is supported 
results from recent space. research. 
We argue basically that during the brief period (= 10°-10° 
of the T-Tauri phase of the proto-Sun, the solar nebula 
being swept up by an intense solar wind with a mass-loss ra 
of dM/dt~1077-10°° Moyr (refs 7,8). This was acco 
panied by strong flare activities’? which contributed to the gra 
irradiation effect: However, the penetration of solar pa icl 
should at first be limited only to the inner edge and the bounda 
layers of the solar nebula (Fig. 1). This scenario is compatib: 
with Wetherill’s idea’? that, because of the blocking effect, the 
condensed grains forming Venus should be subjected to mu: 
more severe effects of primordial solar wind by implantati 
(°Ne and *Ar, say) than those later forming the Ear 
However, we require that the ‘working surface’ or the stagnatt 
point between the T-Tauri wind and the inner edge of the solar 
nebula should progress outward to reach the condensation 
of the carbonaceous chondrites (that. is, a solar distance 
3 AU?). a 
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SUN 


Fig. 1 A schematic view (not to scale) of the interaction process 
vetween the solar nebula and the T-Tauri wind of the early Sun. 
We postulated that, at the stagnation point between the solar wind 
„and the solar nebula, the interplanetary magnetic field would be 
amplified to 0.1-2 G. Further leakage of the draped fields into the 
solar nebula would lead to magnetization of the condensed grains. 
: EUV = extreme ultraviolet. 


t is not known whether the solar nebula was clear of gas 
ring the T-Tauri phase. In any event, even if there were little 
‘the dust disk, the sputtering effect of the flare particles 
uld be effective in generating a gas cloud. The subsequent 
nization effect of the solar UV radiation and the charge- 
hange process between the T-Tauri wind and the neutral gas 
l lead to a situation similar to that of solar wind interaction 
ith comets, or Venus, in which the interplanetary magnetic 
elds are compressed (or draped) ahead of the ionospheres of 
ese planetary bodies''. 

nterplanetary magnetic fields (flux B..~1x10*G), as 
:monstrated by the Pioneer Venus observations'?, are piled 
1ead of the contact surface separating the ionosphere of Venus 
d the shocked solar wind. The amplification effect can be 
jproximated by equating the magnetic field pressure to the 
im pressure of the solar wind. A similar relation has been used 
estimate the interplanetary magnetic field piled ahead of a 
itary ionosphere’*, and detailed magnetohydrodynamic 
sulations'*"'° have shown that the Lorentz force due to the 
s pf curvature of the captured field lines will be important, 

1 lead to further enhancement of the magnetic field. That 
B, isthe peak field flux at the stagnation point, it could 


n by 
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B; 
g7 © EIP Va (1) 


here po and Va are the mass density and speed of the solar 
nd at large upstream distances, respectively. In the case of 
e T-Tauri wind, with dM/dt~107’-10°° Moyr™', a wind 
eed (V) = 200 kms7', and a solar distance of ~3 AU from the 
‘oto-Sun, the application of equation (1) indicates that the 
netic fields in the vicinity of the working edge of the solar 
bula could be amplified to ~0.2-0.6 G even with a small seed 
id in the T-Tauri wind. 
Note that the above description of magnetic field amplification 
2 Vicinity of the stagnation point depends very much on 
he validity of treating the entire interaction process as con- 
uous. It is possible also that kinetic effects might have been 
portant in the actual situation, as argued previously for the 
of comet-solar wind interactions”. But at least the observa- 
at Venus, where these effects could certainly be said to be 
ortant in the solar wind interaction process, have indicated 
equation (1) is not inappropriate. 
In this-connection, there is also an important difference 
‘een the azimuthally symmetric disk geometry of the solar 
ebula and those of comets and Venus. Most significantly, in 
case of the solar nebula, the draped fields. would not be 
away from the flanks by convection. In other words, 
yhereas the stagnation points with enhanced magnetic fields 
re only localized regions in the vicinity of the hemispherical 
se-cones of comets and Venus, for the solar nebula (if axisym- 
etrically shaped) it could form a belt-like structure extending 
60° around the Sun. Without sideways-slippage, all the mag- 
netic flux may tend to accumulate at the front. From this point 
of view, the maximum value of the draped fields could be 





increased further beyond the prediction of equation (1). Whether 
it could reach 2-3 G, as obtained by setting the magnetic pressure 
equal to a thermal pressure of 10~° bar in a limited region near 
the contact surface, must be resolved by future quantitative 
computations. Note that the continuous build-up of the magnetic 
fields at the front could be balanced only by continuous leakage 
into the inner region of the solar nebula or reconnection near ° 
the stagnation point. Both processes could take place: however, 
the leakage effect (by interchange instability or ambipolar 
diffusion) is more interesting as it allows an extensive portion 
of the solar nebula to be permeated by the draped magnetic 
fields with a magnitude of ~0.2 G. These fields would eventually 
be dissipated by magnetic diffusion or, once again, by magnetic 
reconnection at the equatorial current sheet. 

We have extended the magnetic field amplification effect 
which has been observed in the solar wind- Venus interaction, 
and which is expected to occur in the solar wind~comet interac- 
tion, to the interaction of the dust and gas components of the 
primordial solar nebula with the T-Tauri wind of the proto-Sun. 
Using this extrapolation, strong magnetic fields (at least = 0.1 G) 
could be generated at the stagnation point of the solar nebula 
and could even penetrate through the solar nebula to form a 
thin current sheet at the equatorial plane separating the two 
regions of opposite magnetic polarity. Whether or not a 
maximum field strength of 2-3 G could be generated, as inferred 
from the large permanent magnetization of the Allende 
meteorite, remains unclear. In any event, we believe that our 
proposed mechanism is promising compared with the alterna- 
tives reviewed by Levy and Sonett’ and they should be investi- 
gated further. We note that the present model may be considered 
as an important variant of the one involving spreading of the 
solar magnetic field into the solar nebula (proposal (1))°. We 
expect in fact that a hydromagnetic dynamo field might be 
generated in the solar nebula (proposal (2))* concurrently with 
the field-draping mechanism proposed here. However, the 
dynamo mechanism depends critically on the state of turbulence 
of the solar nebula, whereas the T-Tauri wind interaction 
scenario is relatively insensitive to the particular assumptions 
of turbulent velocity and scale-length of the turbulent eddies. 
Perhaps another point of interest is the azimuthal motion of the 
ionized matter in the vicinity of the contact point. In an idealized 
picture, such ‘winding’ of the draped fields should act to produce 
a toroidal component of the amplified field: either the draped 
field could be further enhanced by this process, or it could 
introduce complicated effects relating to the stability of the 
system which could be treated only in detailed numerical models. 
This particular issue, together with the questions of reconnection 
and leakage of magnetic fields, must await quantitative studies. 
Finally, in this connection, we note there is uncertainty about 
the timing between the T-Tauri phase of the proto-Sun and the 
condensation of the carbonaceous chondrites. However, the 
importance of the quasi-cometary interaction process as an 
element in the magnetohydrodynamics of the early solar nebula, 
as depicted here, is quite independent of these considerations. 
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| An this letter we report the results of laser radar measurements at 

- Aberystwyth (52°25' N, 4°04’ W) which revealed the presence of 
_ a discrete layer of atmospheric material of about 0.5 km thickness 
near 40 km for at least 3h during the night of 4-5 July 1983. 
Wind data indicate that it was moving from the east and had an 
east-west extent of at least 170 km. We estimate that the layer 
had a mass content in excess of 100 kg for each degree of latitude 
width. This layer does not appear to be due to a natural terrestrial 
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Range corrected signal 


Fig. 1 Variations with height of the range-corrected sign 

vertical incidence measured in 15-min intervals during 22,05 
on 4 July to 02.20 UT on 5 July 1983; the plots for succes 
intervals are offset along the horizontal axis. Standard errors ar 





















source or extraterrestrial material, and it seems likely that it was shown at intervals of 1.5 km. 


‘a result of pollution at upper stratospheric heights. 
“Phe observational system makes use of a Nd/ Yag laser trans- 
omitting 300 mJ of energy at 530 nmin 15-ns pulses at a repetition 
rate of 10 Hz. The receiver includes a 1-m newtonian telescope 
-fitted with a suitable interference filter and operated in a photon 
_- counting mode, the recording channels providing a height reso- 40 
~ lution of 60m. The variations with height over the interval 
36-42 km of the range-corrected backscattered signals recorded 
in successive 15-min periods between 22.05 UT on 4 July and 
02.20 UT on 5 July 1983, are shown in Fig. 1. For clarity, the 
data are plotted as running means over 300m, the standard 
errors for these means being presented at intervals of 1.5 km. 
The results for the first five 15-min periods show smooth height 
variations consistent with Rayleigh scattering. A small perturba- 
tion is shown near 39.5 km in the height variation shown for 39 
the sixth period, 23.20-23.35 UT on 4 July, and this feature 
©: becomes more pronounced with time, increasing to maximum 
‘amplitude in the fourteenth and fifteenth periods, 01.20-01.35 
and 01.35-01.50 UT on 5 July, after which it seems to diminish. 
Unfortunately, observations were discontinued at the end of the 
seventeenth period at 02.20 UT. Measurements have been carried 
out on most clear nights since November 1982 with height 
resolutions of 300m or better but no other example of such a 
thin layer has been observed. Note, however, that the greater 38 
degree of variability in the height variation of Rayleigh scattered 
signals observed on winter nights might obscure such a feature. 

The change in magnitude and form of the perturbation with 
time is indicated in Fig. 2. This shows the mean data for periods 
6-8 (23.20-00.05 UT), 9-12 (00.05-00.50 UT), 12-14 (00.50- 
01.35 UT) and 15-17 (01.35-02.20 UT) expressed in terms of the 
ratios R of the mean data for corresponding heights in the 

¿o „earlier periods 1-5 (22.05-23.20-UT). To provide representative 
~~ measures of the peak height and thickness, running means over 
_ 120m height are adopted. The values of R—1 represent the 
excess backscatter relative to the Rayleigh scatter from molecules 
at the corresponding height. The peak value approaches 10% 
for the periods 12-14. Based on the molecular densities from 
an atmospheric model for 45° N in midsummer’, the integrated 
backscatter for these periods is estimated at 3.15+0.30x 
1077 sr™'. If the scattering particles were composed of a sulphuric 
acid-water solution, as found at lower stratospheric heights, 
this value corresponds toan integrated mass of 5 x 107° kgm” 
(ref. 2). 

Observations of dust layers in the upper stratosphere and 
lower mesosphere have previously been made from orbiting 
spacecraft’, aircraft’, balloons’ and the ground’. Most of these 

observations related to intermittent layers of thicknesses 10 km 
or greater at heights near 50 km or above. However, Clemesha 
ind Nakamura’ reported laser radar observations of a layer of 
hickness. 4km, which dropped from 47 to 44 km within a day, 
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Fig. 2 Variations of the excess. backscatter arising from the per- 
turbation as deduced for four 45-min periods: —— 23.20-00.05 UT 
~~~ 00.05-00.50 UT; =en 00.50-01.35 UT; ~~ 01.35-02.20: UT: 
R represents the ratio of the mean backscatter signal in th 
periods to the corresponding mean signals prior to the perturbati 

Sample standard errors are shown. 


The presence of aerosols, of variable concentrations, 
permanent feature of the lower stratosphere. Howe 
measurements using several techniques, both ground-basec 
space-borne, have demonstrated that the material is generall 
confined to heights below 30 km (ref. 8). The violent eru 
of the El Chichón volcano in Mexico in March-April 198 
produce aerosols at heights extending up to 35 km during th 
first few months following the eruption”'°, and observation 
Aberystwyth recorded the presence of intermittent layers u 
34 km until the end of 1982. Subsequently, the enhanced aero 
concentrations were generally confined to heights below 30 
(ref. 11) and by June 1983 there was no evidence of aerosol 
heights above 30 km. However, it is of interest to consider th 
El Chichón eruption as a possible source of the observed laye: 

To be detected by scattering at 530 nm, the particles probab 
have radii of at least 0.1 um. From the subsidence: spe 
presented by Kasten’’, sulphuric acid or silicate particles 
XCESS scattering over a range of heights during three sub- radii Olum and densities {.6gcm™ and 2.5g 
months. They associated their observations with the. respectively, injected to heights up to 50 km at the time of th 
flux of extraterrestrial material. eruption would have fallen to the height of the observed laye 




















































ithin about 3 months and subsequently merged with the main 
aerosol layer below 30 km within about a year. If composed of 
he very low density silicates or ash also reported in larger 
icles near 20-km altitudes and below’:"*, they could remain 
rmuch longer times under subsidence. However, it is unlikely 
at such a thin layer could have survived more general 
ynamical processes; vertical turbulent diffusion, for instance, 
ould double the width of the layer in about 1 day, even with 
e lowest value of coefficient currently expected (1 m*s~')". 
“the particles represented, instead, sulphuric acid droplets 
produced from the oxidation of SO, known to be injected into 
€ stratosphere at the time of the eruption!®"”, it can be shown 
for an OH concentration of ~3 10’ cm™ (ref. 18), the 
ime of the SO, against oxidation would have been about 
four days. Coagulation and growth of the sulphuric acid particles 
ould then have occurred to produce the particles observed. 
However, at the temperature of 260 K existing near 40km 
educed from the height distribution of molecular densities 
‘ovided by the Rayleigh scatter measurements), evaporation 
ould have occurred more rapidly unless the partial pressure 
of ambient sulphuric acid had been substantially increased. On 
asis of these arguments, it seems unlikely that the observed 
yer could be associated with the El Chichén eruption. 
If the observed layer was associated, instead, with cosmic 
ist particles burning out in the atmosphere, the observed 
kness could have arisen from the compression of a thicker 
yer produced at a greater height, because of the difference in 
velocity between the top and bottom, rather than being 
sroduced in situ. It is found that for the heights of interest the 
all velocities of particles of radii 0.003 to 10 um as given by 
ten’? vary with height as the inverse of the pressure. From 
result the locations of initial layers of different thicknesses 
ich could have produced the observed layer after subsidence 
can be calculated. For the layer observed in periods 12-14 
.50-01.35 UT on 5 July) (Fig. 2), the half-peak points occur 
39.2 and 39.6 km. From the pressures given in the atmospheric 
odel for midsummer at 45° N (ref. 1), it can be shown that an 
tial layer of thickness 5 km would have had a base at 57.3 km, 
lost independently of the particle radius, and thicker layers 
vould have had slightly higher bases. However, the creation of 
“thin layer by subsidence implies that the particles would 
lave a very small range of sizes. Thus for particles falling from 
3 km to a final layer between 39.2 and 39.6 km the range of 
és can be shown to be <1%. This restriction in size need not 
€ applicable in the case of 0.1 um particles, if these represent 
1e largest particles in the distribution, because smaller particles 
ould have been distributed above the observed layer and would 
ot have been detected by the laser radar equipment. For 
tticles of radii 0.1 wm and densities 3.5 gcm™” (ref. 19), the 
all time for an initial layer of 5-km thickness with a base at 
3km would have been 58 days. However, the major part of 
time would be spent near the final height and it is unlikely 
jat the thin layer could have persisted for such a time in the 
esence of turbulent diffusion. 
upper limit for the size of the subsiding particles can be 
tived from the reduction in height of the maxima with time 
n Figs | and 2. The apparent downward velocity deduced is 
ms”, which for a density of 3.5 gcm™ corresponds to a 
ius of 2.9 um (ref. 12). The subsidence times for the layer 
ng an initial base at 57.3 km would then be ~11 h, and the 
ct of turbulent diffusion, as considered previously, would 
ot be significant. However, in this case, the restriction on the 
‘ange of sizes of the subsiding particles would apply. It would 
€ unreasonable to associate these particles of a single size with 
eteoric event. 
n view of the difficulties encountered in relating the observed 
yer to.a natural terrestrial origin or to extraterrestrial material, 
nsideration should be given to its creation by man-made 
agencies. It would then be of interest to examine some of the 
features of this stratospheric pollution. Estimates of geostrophic 
wind velocities from the Stratospheric Sounder Units on NOAA 
ellites by the Meteorological Office show predominantly east- 
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west winds at stratospheric heights at noon on 4 and 5 July 2 
1983, with a mean value at the level of the cloud of ~16ms7'. 
The cloud, therefore, moved from the east with that velocity 
and had an east-west extent of at least 170 km, based on the 
3h for which it was observed, and this implies a mass content 
in excess of 100 kg for each degree of latitude width. 

We acknowledge valuable discussions with Drs A. D. Maude 
and G. Vaughan, and the receipt of stratopheric wind data from 
Dr A. O'Neill of the Meteorological Office, Bracknell. 
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Displacement of the Moho by the Outer 
Isles thrust shown by seismic modelling 
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Deep seismic data (Fig. 1) from the Caledonides, off the north-west 
coast of Scotland, collected (1981-82) by the British Institutions 
Reflection Profiling Syndicate (BIRPS), show evidence that 
Caledonian thrusts have been reactivated as Mesozoic normal 
faults’. The best example is the Outer Isles (Ol) thrust, which 
is mapped on land as a compressional fault, and is revealed by 
these data to be overlain offshore by a thick, wedge-shaped 
Mesozoic rift basin’, known as the North Lewis (NL) basin. Here 
we have used synthetic seismic sections to identify distortions of 
the OI thrust reflection due te the NL basin. Models, which 
compensate for the effects of this distortion, show that the OI 
thrust has a steeper angle of dip than has been predicted previously 
assuming no distortion, causing the OL thrust to project into a 
2-3 km offset of the Moho and hence to penetrate the entire crust. 
Our data, suggesting that shear strains affecting the lower crust 
may be localized in character, have adverse implications for rheo- 
logical models which predict, to the contrary, that the lower crust 
is a region where strain is distributed. 

Figure 2 shows the unmigrated fault reflection of the OI thrust 
dipping 20-22° to the east. All angles given here were calculated 
using a 6 km s~! velocity for converting time to depth. A second, 
deeper reflection from the Flannan thrust! dips at approximately 
the same angle as the OI thrust reflection. On the basis of other 
BIRPS data, the Flannan thrust has been interpreted to be a 
normal fault displacing the Moho to the west of the ‘section 
shown in Fig, 2. The Flannan thrust extends upwards from 
within the mantle (15s two-way travel time, or-about 45 km 
depth) into the lower to middle crust, but does not appear to 
reach the surface. The OI thrust, conversely, is mapped at the 


~ surface, and can be traced on the BIRPS data to a depth of 


~20km, or 6.8s two-way travel time. The observation that 
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-reflections from both the OI thrust and the Flannan thrust 
; apparently terminate in the lower crust led Matthews and Hirn’ 

“to propose a model in which the two thrusts merge into a 
. lower-crustal ductile zone, with neither penetrating the entire 
crust. They propose a similar model for the Himalayas, where 
critical-angle and wide-angle reflection data suggest the 
existence of Moho-displacing faults that cannot be traced to the 
surface’. 

The unmigrated time section for the WINCH-I survey (Fig. 
2) shows a down-to-the-east displacement of the Moho reflection 
below the OI thrust, at a distance of ~33 km. The Moho reflec- 
tion drops abruptly from 7.5 s two-way travel time to below 8 s. 
The identification of this reflection with the Moho is supported 
by results from a nearby refraction profile’. At first glance, the 
Moho displacement does not appear to be related to the OI 
- thrust, as conventional time migration fails to steepen the fault 
_/ plane reflection sufficiently for it to intersect the Moho at the 
point of displacement. Migration of the 20-22° reflection 

- steepens it by only 1-2°. Here we use seismic modelling to show 
that. velocity pull-down effects from the overlying NL basin 


< mask the connection between the OI thrust and the Moho 


displacement; the OI thrust actually extends completely through 
the crust and displaces the Moho. 
Velocity pull-down—the travel-time delay of reflections from 
structures underlying low-velocity material—-can be seen on the 
prominent Moho reflections present in the data. On WINCH-1 
(Fig. 2), these velocity effects are seen as a proportional increase 
in east-west travel time to the Moho as the overlying NL basin 
thickens. The Moho reflection is at 7.5s two-way travel time 
east of the basin, and increases steadily to 8.0s at the western 
edge of the data range, where the sediments are thickest. Dipping 
events underlying the basins, such as the OI thrust, also undergo 
velocity pull-down, but the distortion is not as readily apparent 
as the pull-down of the horizontal Moho reflection. Time migra- 
. tion, using a constant velocity for the overlying material, does 
not take this velocity-related distortion into account and will 
<: not correct for the pull-down effect. 

Figure 3 shows a simple geological model for WINCH-1, 
developed to evaluate the geometry of the OI thrust more accu- 
rately. The model differs from the interpretations of Brewer et 
al” and Matthews and Hirn’ in that the OI thrust dips at 29° 
rather than 20-25°, and extends completely through the crust 
to displace the Moho, rather than ending in the lower crust. 
Interval velocities calculated from stacking velocities obtained 
during original processing® were smoothed and used to calculate 
travel times. Normal incidence, or zero-offset ray tracing, and 
convolution. with a synthetic wavelet, produced synthetic time 
sections. A model in which the OI thrust dips at 29° and intersects 
the Moho displacement (Fig. 3) produces a synthetic seismic 
section (Fig. 4) which successfully matches the data. Velocity 
effects produced by the NL basin act to lessen the angle of the 
reflection from the OI thrust by 4-6° on the time section, com- 
pared with the angle it would have in a homogeneous crust. 
Models. with velocity structures differing by up to +0.7- 
0.8 km s~! for the basin layers and +0.3 kms” for the crust do 
not change this result significantly. However, models in which 
the OI thrust dips at only 20-22° do not produce a synthetic 
section which-matches the data, unless the entire basin is com- 
posed of sediments with velocities of ~6 km s~'. Sedimentary 
velocities of this magnitude do not match the interval velocities 
calculated from the data, nor do they produce the pull-down 
on the Moho observed in the seismic data. 

The modelling results do not significantly change the geologi- 
cal interpretation of the Flannan thrust. However, the dip of 
the Flannan thrust reflection has also been decreased by velocity 
pull-down, and models with a dip for the Flannan thrust of 
32-34° show best agreement with the original data. This thrust 
-appears to have the same dip on the time section as the intracrus- 
‘tal OL thrust but, because it is most clearly seen in the upper 

mantle, where the seismic velocities are higher (8 as opposed 
to 6kms*'),/a steeper dip is needed to produce a reflection 
. parallel to the OI thrust reflection. 
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Fig.1 Location map showing WINCH-1, MOISTand WI 
Carets show the inferred extent of North Lewis basin (NLB 
that the basin narrows to the south as it crosses WINC 
show location of the Minch basin. The Minch basin is more ful 
developed on WINCH-2 and MOIST than on WINCH-1, whic 
crosses only the shallow, northernmost portion of the basin 
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Fig. 2 a, WINCH-1, unmigrated; b, line drawing of WINCH- E 
FT, Flannan thrust; OlT, Outer Isles thrust; MB, Minch basin; 
NLB, North Lewis basin; M, Moho. Note a 600-700 ms down-to- 
the-east displacement of the Moho at 33 km. The OI thrust reflec- 
tion dips at 20-22°. The shallow, overlying Minch basin contributes 
slightly to the displacement of the Moho by adding a negligible 
amount of velocity pull-down. The Minch basin contribut 
~ 500 ms of pull-down on the Moho seen on MOIST and WINCH. 
2, where the basin is much better developed. Event D fits diffraction: 
curves for crustal velocities. The presence of a diffraction suggests. 
that the displacement is real rather than a velocity effect, 
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_ Fig. 3 Geological model for the OL thrust in which the fault 
actually dips 29° and displaces the Moho at 33 km. The Flannan 
thrust dips at 33°. Velocities were smoothed from interval velocities 
obtained by BIRPS during processing of the data®, and are in 
_ kins". Although these velocities are relatively high, the sediments 
comprising the NL basin are believed to be mainly Palaeozoic 
(D. K. Smythe, personal communication). 
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Fig. 4 Synthetic seismic section for the model in Fig. 2. Although 
the Ol and Flannan fault planes dip at 29° and 33°, respectively, 
heir reflections dip only 20-22° on the seismic section. If the NL 

basin did not overlie the OI thrust, the reflection from the fault 
: would dip at 26° on the unmigrated seismic section. 


hree-dimensional control of these structures is provided by 
OIST, a previous BIRPS survey’, parallel to WINCH-1I, but 
xXtending much further east, and by WINCH-2, which intersects 
1OIST in the Minch basin (Fig, 1). The OI thrust reflection 
at 20-22° on MOIST and 24-25° on WINCH-2. The observa- 
ion that the NL basin is less well developed on WINCH-2 
es well with its steeper dip on this line. All three seismic 
es are as close as possible to dip lines, based on unpublished 
Shallow data (D. K. Smythe, personal communication). Similar 
delling suggests that a Moho displacement is associated with 
he Of thrust on both MOIST and WINCH-2. However, the 
placement is obscured on MOIST and WINCH-2 by velocity 
pull-down associated with the Minch basin, which is much 
thicker on these lines than on WINCH-1. The OI and Flannan 
thrusts are most successfully modelled on MOIST by dips of 








The OI thrust reflection ends at a much shallower depth on 
MOIST than on WINCH-I, where it can be traced almost 
completely through the crust. The termination of the OI thrust 
reflection corresponds in each case to the beginning of the Minch 
basin at the surface, suggesting that the absence of a reflection 
from the OI thrust in the lower crust is owing to complications 
associated with the Minch basin sediments, rather than the 
termination of the fault at different crustal levels on the two lines. 

Brewer and Smythe™? have proposed that the OI thrust dis- 
places the Moho on MOIST, based on the intersection of the 
Moho with an extrapolation of the migrated OI thrust fault-plane 
reflection. However, because the apparent dip of the migrated 
fault reflection (22-23°) differs from the dip of the fault plane 
by 6-7°, through pull-down, these extrapolations lead to an 
intersection ~20km east of the displacement identified here. 
The apparent Moho displacements seen on MOIST at these 
other locations are caused by velocity pull-down from overlying 
basins; it is simply coincidental that the distorted OI thrust 
reflection projects into one of these apparent displacements. 

In conclusion, the new modelling indicates that the OI thrust 
does not end in a ductile zone in the lower crust, but continues 
completely through the crust into the uppermost mantle. 
Although this result does not preclude the existence of a ductile 
lower crust, it does demonstrate that localized zones of deforma- 
tion are likely to exist at these depths. 

The synthetic seismic sections presented here were calculated 
using the Advanced Interpretive Modelling System (AIMS, 
Geoquest International) on the Megaseis (Seiscom Delta) seis- 
mic computing system operated by the Consortium for Con- 
tinental Reflection Profiling at Cornell. The research was sup- 
ported by NSF grants EAR82-12445 and EAR83-13378. These 
results were presented at the International Symposium on the 
Deep Structure of the Continental Crust at Cornell University, 
26-28 June 1984. I thank Simon Klemperer, David Smythe, 
Larry Brown and Michael Warner for comments. Contribution 
805 of Department of Geological Sciences, Cornell University. 
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Several different models'* have attempted to relate Quaternary 
marine and terrestrial records of ice-sheet growth in the North 
Atlantic region. The models are derived from either discontinuous 
terrestrial records, including marine fossils in raised shorelines’, 
or from deep-sea calcareous microfossils**. This study correlates 
Arctic marine and terrestrial data directly by comparing 5'°O, 
foraminiferal, dinoflagellate and pollen records from a core taken 
in Baffin Bay. The core contains an almost continuous sequence 
of sediments deposited during isotope stages 1-10. Subarctic 
foraminifera and Atlantic dinoflagellates in early isotope stages. ` 
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4,6 and 8 show that subarctic water entered southern Baffin 
- Bay before the glacial maxima. Boreal-subarctic pollen suggest 
“that Atlantic air flowed into Baffin Bay during the ice sheet growth 
phases. These data support models which postulate that open water 
in the Labrador Sea had an important role in supplying moisture 
to Laurentide and Greenland ice sheets. 

Data for this study of ocean-atmosphere iteraction during 
the late Quaternary were obtained from core 77-027-017 taken 
from a water depth of 935m on the northern slope of Davis 
Strait at 66° 54. N, 58° 17.7’ W (Fig. 1). The core includes a 
; thin surface layer of brown diatomaceous mud overlying detrital 
< -earbonate-rich gravelly sand and ~ 10 m of partially bioturbated 
-olive-grey sandy or silty mud. Planktonic and benthic 
foraminifera were studied in the > 63 jum fraction using standard 

procedures® to provide a biostratigraphical and palaeoceano- 
graphic record. Previous studies in Baffin Bay’ indicate that 
calcium carbonate dissolution limits the information content of 
calcareous microfossils; therefore, pollen and dinoflagellate 
“cysts were also studied in core 017, using extraction methods? 
itable for clayey muds. Pollen and spores in marine sediments 
_ provide a link between terrestrial and oceanic environments 
and, off eastern Canada, pollen assemblages show a strong 
correlation with onshore climatic zones®. Most dinoflagellate 

--eysts. are spores of planktonic algae and, in marine sediments, 

they are proxy-indicators of surface water conditions” 

The oxygen isotope composition of planktonic foraminifera 
in core 017 (Fig. 2) shows a typical isotopic record extending 
into stages 10 as defined by Emiliani’'. Calcareous foraminifera 
are absent from the top of the core because of the present 
shallow lysocline’. Gastropod shells from ~50 cm depth yielded 

a “C age of 10,530 yr BP, confirming the isotope stage 1-2 
transition between 60 and 70 cm. From 75 to 300 cm, high 8'50 
values represent isotope stages 2, 3 and 4. At 300 cm, a large 
(2.5%) shift in 5'*O marks the top of stage 5. Stage 6 (465- 
515'cm) is rather compressed. Stage 7 (515-630 cm) has several 

«light isotopic peaks, and a themoluminescence (TL) age of 

“281,000 + 20% yr BP on silt from 625 to 627.5 cm generally agrees 
with the age’! of 251,000 yr BP for the base of stage 7. Stages 8 
and 9 contain two light peaks. Below 810 cm, the record lies 
within stage 10. 

Although the number and diversity of planktonic and benthic 
foraminifera in core 017 (Fig. 2) are low, there are cyclical 
variations in their percentage abundance. Stage 1 contains only 
arenaceous benthic foraminifera, typically Textularia earlandi, 
Trochammina inflata, T. nana, Eggerella advena and Reophax 
arctica, with abundant diatoms and radiolaria. In the Canadian 
Arctic, this benthic assemblage is generally confined to areas of 
cool saline bottom waters”, and is often associated with carbonate 
dissolution’. Benthic foraminifera in stages 3, 5, 7 and 9 are 
mostly calcareous species dominated by Cassidulina reniforme, 

<u Elphidium excavatum and Fursenkoina fusiformis. This fauna 

< = characterizes silty sediments below cold and low-oxygen waters. 
Planktonics are almost all Neogloboquadrina pachyderma (sinis- 
tral) with abundant diatoms and radiolaria, Calcareous 
foraminifera in stages 3, 5, 7 and 9 are largely lost to dissolution’. 
Benthics in stages 2, 4, 6, 8 and 10 are predominantly calcareous, 
mainly Islandiella teretis, Nonionella labradorica, Buccella 
frigida, Astronion gallowayi and E. excavatum. This fauna pres- 
ently occupies deep basins with relatively warm bottom water 
on the eastern Canadian margin’? 

Planktonic foraminifera in core 017 include N. pachyderma 
(sinistral and dextral), Globigerina quinqueloba and G. bulloides, 
with up to 15% subarctic species. Modern distributions of 
subarctic planktonics are confined to warmer (4-10°C) surface 
waters; beneath the West Greenland Current, G. quinqueloba 

., and G. bulloides make up to 25% of the planktonic fauna. The 
“presence of subarctic foraminiferal peaks in the early glacial 
tages of core 017 suggests significant advection of subarctic 
surface water into northern Labrador Sea at these times (refs 
















Sb, 13, and manuscript in preparation). This would occur if the: 


-o Aretic Island channels were largely blocked by ice, thereby 
_ reducing Arctic water outflow to the North Atlantic. Decreased 
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Fig. 1 Bathymetry of Baffin Bay (contours in m) showing the 
location of core 017 and other cores (ref. 13 and work in prepa 
ation) with detailed oxygen isotope, microfossil and/or palyno 
cal data; gs, grab sample used for isotopic data at the top’of core 
017 (see Fig. 2). The ~9°C mean annual air isotherm (- - -) marks 

the average position of the Atlantic-Arctic air front. . 


surface runoff and reduced north-east Atlantic inflow. we 
also result in a weaker Baffin Land Current during gli 
periods®, thus allowing northward penetration of sul 
waters. 
Data from core 017 and other cores from Davis Strait 
that the interglacial: strata’ are depleted in pla t 
foraminifera but rich in siliceous/arenaceous microfos 
whereas the opposite is true for glacial strata. Alternatio 
predominantly siliceous/arenaceous and calcareous. micr 
fossils is typical of areas where carbonate cycles are a. function 
of dissolution cycles’. Therefore, acid-resistant palynomorp 
were studied in 42 samples taken as closely as possible to 
foraminiferal sample intervals. 
Figure 3 shows that Quaternary dinoflagellates are comm 
although the numbers generally decrease downcore. The Atlan’ 
dinoflagellates are species which presently have maximum 
centage abundances in the temperate North Atlantic!®, pa 
ticularly beneath the North Atlantic Drift. These species inclu 
Operculodinium centrocarpum, “Nematosphaeropsis labyrinthe 
Spiniferites ramosus, $.. elongatus, S. bulloideus and ‘S. men 
branaceus, Their modern distribution in Baffin Bay’ is confine: 
to deep-water areas beneath the relatively warm (2-5°C): West 
Greenland Current. In Core 017, these species occur mai 
the interglacial stages 1,5 and 7, but they also occur in glaci 
isotopic stage 2 and in the lower parts of stages 4, 6 and 8. Th 
most common species in core 017 is Multispinula minuta W 
dominates the Canadian Arctic dinocyst assemblage” found 
modern sediments below the cold Baffin Land and. Labrad 
Currents. In core 017, however, M. minuta dominates onl 
the glacial stages 6, 10 and upper 8, where it is associated ‘with 
Brigantedinium simplex, Peridinium faeroense cysts and a Leios 
phaera species” which is presently abundant in Arctic chan if 
north of Baffin Bay. 
The main features of the dinoflagellate Sanao are. { 
peaks of Atlantic species which often correspond to decre 
in subarctic foraminifera; (2):changes in the ratio of thé warm 
water indicator O. centrocarpum to the Arctic. indicato 
minuta, with peaks. of O. centrocarpum often inversely rel 
to the subarctic foraminiferal peaks; and (3) latge incre 
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Foraminiferal zones, planktonic foraminiferal totals per gram sediment, subarctic foraminiferal species (percentage total planktonics), 

diatoms (>63 um) per gram. sediment on a scale from 0 (absent) to 3 (abundant, >10,000), and 5'°O record of Neogloboquadrina 

erma (sinistral) in core.017, Oxygen isotope time scale refers to ref. 11. '4C, radiocarbon data; TL, thermoluminescence data; B/P ratio 

¢ ratio of total benthic to total planktonic foraminifera. Dashed line at top of the isotope record was obtained from the grab sample 
: a shown in Fig. 1. 
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Fig. 3. Summary of dinoflagellate 
cysts in core 017, compared with the 
8'*O record and percentage total sub- 
arctic planktonic foraminifera. See text 
for explanation of subarctic (=Atlan- 
tic) dinoflagellates and the Dinocyst 
ratio. Circled numbers refer to isotopic 
stages. 
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Fig.4 Pollen percentage diagram for main tree, shrub and herb taxa in core 017, total concentrations of Quaternary pollen and spores 
and cumulative percentages of conifer tree, ‘shrub’ (Alnus and Betula) and herb pollen plus moss spores. C, Carya pollen: p 


interglacial stages and are correlated with diatom peaks. These 
features indicate that maximum primary productivity during the: 
late Quaternary is associated with interglacial stages of relatively 
warm, open summer water in southern Baffin Bay. The produc- 
tivity peaks may account for the greater dissolution (20% ) of 
planktonic foraminifera during interglacials than during glacial 
stages (<10% dissolution)’. However, the presence of Atlantic 
dinoflagellates in stages 2 and lower stages 4, 6 and 8 also implies 
relatively warm surface water at the core site during early parts 
‘of glacial stages, providing independent confirmation of the 
palaeotemperatures suggested by the subarctic foraminifera. 
As for the foraminifera, the number and diversity of quater- 
nary pollen and spores in core 017 (Fig. 4) are low, as expected 
for oceanic sediments north of the treeline in eastern Canada®”’, 
but again there are cyclical variations in ‘absolute’ pollen con- 
centrations. (APC) and percentage abundance of indicator 
species which are correlated with oxygen isotope stages. The 
top of stage 1 (0-50 cm} is characterized by boreal-subarctic 
shrub (Alnus) and tree pollen percentages (Pinus, Picea) similar 
to those found in surface sediments of Baffin Bay’, south of the 
summer position of the Atlantic-Arctic air front (Fig. 1). About 
75% of the Betula pollen are the small B. minor type typical of 
tundra shrubs. Gramineae dominate the herb pollen, with other 
taxa including Artemisia, Oxyria; Rosaceae and Saxifragaceae. 
The interval from 50 to 325 cm is marked by rare Picea and by 
large fluctuations in Betula. Stage 2 contains low APC and 
variable percentage Pinus, Gramineae, Artemisia, Sphagnum and 
Polytrichum, as presently found in marine sediments’ north of 
the Atlantic-Arctic air front. Betula percentages are similar to 





those found in the Devon Island ice core for the same time 


interval'*. Stage 3. is marked by higher APC and Alnus occurs 
at the base, suggesting some influx of southern air", Stages 4, 
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8 and 10 contain very low APC but Alnus and Picea sugges 
sporadic influx of Atlantic air. Stage 5 is marked by higher tre 
pollen percentages and’peaks in Picea and Alnus; the : 
blages are similar to those in. stage 1, but. higher per 
Betula suggests a wider shrub distribution than presently fou 
on Baffin Island. This agrees with pollen in peat. belo 
Kogalu marine sediments’®, with an age of ~130,000yr B 
Tree pollen in stage 6 suggest a strong influx of Atlanti 
but sampling control is poor for this interval in core 01 
data from other cores (Fig. 1) show that this is true onl: 
sediments near the stage 6~7 transition. Interglacial stages 7 a 
9 show slight increases in APC and percentage tree polle 
presence of Carya also marks stage 7 in core 017 and othe 
Davis Strait cores’*. 
Overall, the combined palynological and foraminiferal 
from core 017 provide palaeoclimatic evidence which supp 
models'~> that attribute North Atlantic continental ice s 
growth to increased northward flow of warm water during ear! 
glacial stages. The present relatively warm climate an 
surface temperatures in southern Baffin Bay result from (4 
latitude penetration of warm cyclonic air fronts; (2) inflow 
Atlantic water through the West Greenland Current. Meridion: 
air flow accounts for boreal tree and shrub pollen in mode 
Baffin Bay sediments”’® and during older interglacial stage: 
Lower pollen concentrations and diversity during glacial stag: 
suggest a southward shift of the Arctic air front and strong 
zonal flow of polar air characterized by Betula, Artemisi: 
Gramineae and other herbs, in addition to ubiquitous. Pint 
grains. However, the presence of boreal tree/shrub taxa in glaci 
stages 4, 6, parts of 8 and 10 indicate influx of Atlantic air durin 


of Atlantic dinoflagellates during early glacial stages 












































s the foraminiferal data indicating increased water mass 
nsport from the south. Furthermore, the persistent presence 
pollen and dinoflagellates during glacial maxima implies 
nsive areas of summer open water (for example, more than 
present ice covered Arctic Ocean north of Ellesmere 
Island”), although production of dinoflagellates and large 
63 pm) diatoms is low. Heterotrophic peridinioid dinoflagel- 
tes like M. minuta (= Protoperidinium pellucidum cyst form) 
n survive under ice up to 2 m thick, but they are very rare or 
ysent in continuously ice covered regions”. 

We conclude that both palynological and foraminiferal studies 
core 017 provide palaeoclimatic data which contradict models 
iring continuous sea-ice cover in Baffin Bay/ Labrador Sea 
ing glacial stages? but are compatible with models based on 
tal changes in summer insolation, with very rapid initial 
aciation'? and subsequent limited sea ice, the continental ice 
eets being maintained by precipitation transported northwards 
m the south-west along storm tracks directed by strong land- 
a thermal gradients. 

/e thank D. Chloe Younger for assistance with core sampling, 
rry Ogden for palynological sample preparation, and we 
knowledge NSERC support for the QPEC Program at Dal- 
usie University and GSC support for project 820044. This is 
alhousie University Centre of Marine Geology contribution 
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tle is known about how vocal patterns develop in non-human 
rimates, mainly because suitable controlled experiments are 
ifficult to carry out on these animals’. Results of isolation experi- 
4 and observations of interspecific hybrids'* suggest no 
ter role for vocal learning than exists in many other verte- 
is% and less than has been found in birds'™®, We have now 
ied vocal patterns of hybrids between white-handed gibbons 
ylobates lar) and pileated gibbons (Hylobates pileatus) in natural 
ixed-species groups, in a zone of interspecies contact in central 
iland, and in some captive mixed-species groups. We find that 
male hybrids, the patterns of the loud and stereotyped ‘great- 
alls’ show no evidence of learning from parents, and appear to 
nder strong genetic control. Daughters maturing in groups 
'h genetically unlike parents develop great-calls unlike those of 
eir mothers, even though these calls develop only while the 
ghters sing simultaneously with their mothers. 
_Great-calls are the most spectacular sounds in the repertoires 
gibbons. They are sung by females at intervals of 2-4 min 
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during morning song bouts, and last approximately 14-24 s. Im 
most species, females are accompanied by their mates in a` 
ritualized duet'**°; in a few species, females sing solo near their 
mates'®”°-?. The songs are believed to function in territory 
advertisement*'*'*** and in maintaining the monogamous pair 
bond!>!924-26 

The acoustic patterns of great-calls are highly species- 
specific'®*’**, The great-calls of H. lar and H. pileatus have 
similar length and frequency range, the major differences being 
in the shapes and number of notes (Fig. 1). Great-calls of lar 
average 8.4 notes (s.d. 1.66; n = 14 individuals recorded in Khao 
Yai Park, Thailand, one call randomly selected from each) and 
pileatus great-calls average 72.8 notes (s.d. 9.61; n=19 
individuals, recorded from three locations in Thailand)*?. Com- 
parison of sound spectrograms of lar, pileatus and hybrid calls 
shows that the number of notes per s uttered at the end of the 
call varies relatively less than the total number of notes. For Jar, 
the number of notes per s in the last quarter of the call (including 
no less than three notes) averages 0.49 (s.d. 0.054; n= 14) 
compared with an average of 9.6 (s.d. 0.51; n=19) for 
pileatus”. 

Most of our recordings of wild gibbons were made in a small 
zone of overlap and hybridization between H. lar and H. pileatus 
in Khao Yai National Park, central Thailand?’?*?. About 215 
groups were identified and mapped in this zone during 1976-80, 
and 23 groups were found to contain mated adults of different 
species or hybrids, most of which have been tape recorded. All 
tape-recorded hybrids have been frequently studied closely with 
binoculars. 

Despite their close relationship, body colour patterns provide 
unambiguous separation of the species and recognition of their 
hybrids*®. The major pelage differences are the presence of a 
complete ring of white fur around the face in lar, compared 
with white eyebrows and a black cap in pileatus; also a white 
scrotal tuft of fur in pileatus males, and a black ‘vest’ and greyish 
body in pileatus females, compared with the solid buff or 
brownish-black body coloration in lar. H. pileatus is sexually 
dichromatic whereas lar is asexually dichromatic in Khao Yai. 
Hybrids have various odd or intermediate colour patterns. No 
individuals with normal lar or pileatus call types have been 
found to have odd or atypical coloration, but a few individuals 
with lar-like coloration (for example, females CW7 and TO], 
Fig. 1) have slightly more rapid emission of notes than is typical 
of lar. 

Great-call patterns of clear phenotypic hybrids tend to be 
intermediate between those of Jar and pileatus in nearly all 
respects. Those hybrids that resemble one species more than the 
other (Fig. 1g, h, 1)? show a corresponding resemblance in 
great-call pattern. One feature that is somewhat more variable 
in hybrids than in lar or pileatus is the length of the call; some 
have fairly short calls (for example, HE2). In respects other 
than acoustic pattern, such as frequency and time of singing, 
duet structure and loudness, the hybrids have not been found 
to differ significantly from normal lar or pileatus, although in 
some respects they are intermediate between the species (our 
unpublished data). 

The relatively rigid territoriality and monogamy of gibbons*! 
allows the identification of mother-daughter pairs in the wild 
with a high degree of certainty. Juvenile or sub-adult females 
in the family group frequently sing along with their mother’s 
great-calls, the mother and daughter usually beginning their 
calls within I s of each other'*'*?*?-4, This suggests that the 
young may have to learn or practise the song”, which does not 
seem to serve any important function before adulthood. 

Three groups with genetically unlike parents (as determined 
by pelage) had 4-5-year-old daughters who sang with their 
mothers. The pelage of the daughters was intermediate between 
that of parental types, providing further evidence of parentage”. 
Sonagrams of two of these pairs of females are shown (Fig. lq, 
r). In all three cases the adult females were hybrids, with call 


patterns and pelage about half-way between lar and pileatus: o. 


In two cases (CW6.and HS3), the adult male was a lar; in the 
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Fig. 1 Sound spectrograms of representative d HWH May s0 
gréat-calls of female H. lar, H. pileatus ard J oh nom mmt meet eee pen ere ae — 


hybrids. The great-calls, begin near the first 1-s 
mark on the scale at the bottom; the first-3 s of 
the sonagrams consist of introductory ‘hoos’ by 


the female and (cases b, d, 0, q) notes by the f TO! July 79 


“male partner, When more than one call of a 
female was available on tape, the one chosen for 
spectrography was selected randomly. All calls g Ki 
except ¢, k and p were recorded in Khao Yai 
Park, Thailand. Great-calls were recorded from 
four lar females (a-d), two lar-like females, 

_ possibly backcrosses, with slightly more notes 

“than normal (e, f), hybrids with.odd but some- 7 

oco what lar-like. pelage (g, h), two hybrids with j 

. intermediate pelage (i, j) an F, hybrid in the < 

Berlin. Zoo (k), a wild: hybrid with odd but i KSt 
pileatus-like pelage (1), two pileatus females (m, 
a), mother and daughter Jar (0), H. lar mother 

and dayghter with pileatus father (p), hybrid 
mother and backcross daughter with lar father 

(daughter’s call is shorter and ends with more 

horizontal notes) (q), hybrid mother and back- j 

cross daughter with pileatus father (daughter's 
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third (SY3), he was a pileatus. The daughters’ calls were a few 
seconds shorter than the mothers’ and not as loud, as is typical 
(«of the calls of juveniles. 

Group CW6 was first seen and recorded in May 1978, and 
was again recorded as a trio in March 1980. The daughter's call 
still differed from her mother’s in the slower rate of emission 

of notes. By 1981, the call had lengthened slightly and become 
louder, but the pattern remained the same. In the second group 
with a hybrid adult female and a Jar adult male, the juvenile 
female sang a great-call similar to that of the CW6 juvenile. In 
group SY3, with a pileatus adult male, the daughter's great-call 
was more rapid than that of her mother, and resembled that of 
female CW15, a pileatus-like adult which, judging from pelage, 
> vis probably also a backcross to pileatus” (Fig. 1r, 1). 
_ In all of these mixed groups, the hybrid adult females sang 
vigorously and at least as frequently as normal lar and pileatus 
females. The young have therefore heard a daily average of 
‘oughly 8-10 great-calls sung by their mothers throughout their 
es. 
The songs of two zoo hybrids have also been recorded and 
onagraphed (Fig. 1k, p). One is an offspring of a cross between 
a light-phase lar female and a pileatus male, in the Kronberg 
Zoo, West Germany. The hybrid was 10 years old when recorded 

















and was kept with her parents and two brothers in a large: 


is 



























enclosure where the parents and daughter sang regularly a 
trio. The daughter had a great-call of somewhat variable lengt 
but usually with 20-26 notes; and with a frequency of note: 
reaching 2.9s~', similar in pattern to some recorded in Khi 
Yai Park. The other hybrid, born in the Zurich Zoo in 1970 b 
now located in the Berlin Zoo, is the offspring of a dark-p 
lar female from Thailand and a pileatus male. Its great- 
usually had around 15-20 notes, and attained a rate of 2,6 note 
per s. Me 
The rate of emission of notes in the great-calls of the zoo F 
hybrids lies approximately half-way between that of the pare 
species on a logarithmic scale (Fig. 2). Likewise, the wild hybri 
with similar call types (CW6, HS3 and SY3 mothers) ‘hav 
backcross daughters with great-calls which regress half-way (i 
slightly more) to their fathers’ species on this scale. Althoug 
it is difficult to postulate the unlearnt pattern of a hybrid’s cal 
if learning were present we should expect greater similari 
the mother’s call in backcrosses either to lar or to pileatus, 
both. No backcross, however, shows greater resemblance to the 
mother’s genetic type. Although the backcrosses available are 
still few in number, the data are consistent with the hypothesi: 
that genes for great-call pattern have multiplicative effects 
the rate of emission of notes and are inherited in a quantitati 
fashion. 
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Fig. 2 Number of notes per s in the last quarter of the great-call 
(including no less than three notes and intervals), on a logarithmic 
cale in relation to genetic parentage, for H. lar, H, pileatus and 
yorids. The calls of the CW6, HS3 and SY3 adults have been 
ced as though they were F, hybrids, although their parents were 
not known, The CW6 and HW3 daughters are backcrosses to lar; 
the SY3 daughter is a backcross to pileatus. The 12 lar and 5 pileatus 
alls were recorded in Khao Yai Park, Thailand, each from a 
‘different animal. Mother-daughter pairs are connected by lines. 
B, Berlin; K, Kronberg. 
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ntermediate call patterns in hybrids indicates that they could 
t have strictly learned the patterns from their mothers; had 
hey done so either the lar or the pileatus call type would have 
n passed through the generations. As adult males do not 
calls resembling great-calls, it is difficult to imagine how 
oung could have learned great-call patterns from parents 
The possibility still exists that the young could have been 
juertced by females in neighbouring groups. This can be ruled 
it only in the case of the Kronberg female. The female, born 
Zurich Zoo, heard great-calls of her hybrid older sister 
re she was 2 years old (C. Schmidt, personal communica- 
Her sister (born in 1961) was also reported to give calls 
unlike those of her mother, but recordings are not available. No 
nale pileatus was in the zoo at this time. As for the wild 
ips, CW6 was surrounded by lar groups, including CW7 
‘ig. 1), from 1976-80. The HS3 daughter heard both lar and 
atus great-calls, and some in the distance that sounded like 
rids. Group SY3 was surrounded by pileatus groups, with 
one or two lar groups audible in the distance, but none that 
ed exactly like the backcross daughter. 
us, although singing with parents may be important to the 
/ development or maturation of the great-call in young 
ales, or for learning its proper timing and context, the 
tic pattern of the final result seems to be resistant to 
on by learning in the natural social setting, and under 
ng genetic control. 
| some respects, great-calls are not typical gibbon vocaliz- 
tions, No other phrases of the repertoire are as long and 
reotyped, although great-calls do display individual variabil- 
*. The lack of modification by learning may therefore not be 
e of all vocal patterns of gibbons. Conceivably, the rigidity 
great-call patterns is related to the hypothesized role of duets 
ngthening the pair bond, in providing a key stimulus 
reinforces the male’s fidelity to mate and territory. 
We thank the officials of the Berlin (Dr Rahn), Kronberg (Dr 
ntschke) and Zurich (Dr C. Schmidt) Zoos for their help, 
essor W. Wickler for the opportunity to prepare sonagrams, 
and R. Ali, C. A. Green and J. J. Raemaekers for comments. 
up “JIRSO’ was recorded by J. J. Raemaekers. Fieldwork 
supported by the New York Zoological Society and the 
ankfurt Zoological Society (‘Help for Threatened Animals’ 
punt). 





Received 24 April: accepted 8 October 1984. 


. Newman, J. D. & Symmes, D. in Primate Communication feds Snowdon; C. T., Brown, C: 
H. & Petersen, M. R} 239-278 { Cambridge University Press, 1982). 

2. Kellogg, W. N. Science 162, 423-427 (1968). 

3. Winter, P., Handley, P., Plong, D. & Schott, D. Behaviour AT, 230-239 (39733. 

4 

5 


. Newman, J. D. & Symmes, D. Deel Psychol 7, 351-358 (1974). ve 
- Marler, P. & Tenaza, R. R in How Animals Communicate (ed. Sebeok, T. Ay} 965- Hie. 
(Indiana University Press, Bloomington, 1977). ie 
6. Blair, W. F. Evolution 9, 469-486 (1955). 
7, Zweifel, R. G. Copeia 1968, 269-285 (1968). 
8. Gerhardt, H. C. Behaviour 89, 130-151 (1974). 
9. Littlejohn, M. J, & Watson, G. F. Evolution 30, 848-850 (1976), 

1), Lade, B. L. & Thorpe, W. H. Nature 202, 366-368 (1964). 

LL McGrath, T. A., Shalter, M. D., Schleidt, W, M. & Sarvella, P. Nature 237, 47-48 (1972), 

12. Marler, P. & Mundinger, P. in Ontogeny of Vertebrate Behaviar ied, Moltz, H.) 389-450 
(Academic, New York, 1971). 

13. Kroodsma, D, E., Miller, E. H. & Ouellet, H. (eds) Acoustic Communication in Birds 
(Academic, New York, 1982). 

14, Ellefson, J. O. in Gibbon and Siamang Vol. 3 (ed. Rumbaugh, 1. MJ 1-136 (Karger, Basel, 
1974), 

15. Chivers, D, J. Contr. Primatol, 4, 1-333 (1978), 

16. Marshall, J.T. & Marshall, E. R. Science 193, 235-237 (1976), 

17. Srikosamatara, 8. thesis, Mahidol Univ., Bangkok (1980). 

18. Gittins, S. P. in The Lesser Apes: Evolutionary and Behavioural Biology (eds Preuschaft, 
H., Chivers, D., Brockelman, W, & Creel, N.) 354.975 ( Edinburgh University Press, 1984), 

19, Deputte, B. L; in Primate Communication (eds Snowdon, C. T, Brown, ©. H. & Petersen, 
M. R.) 67-93 (Cambridge University Press, 1982). 

20. Schilling, D. in The Lesser Apes: Evotutionary and Behavioural Biology (eds Preuschoft, 
H., Chivers, D., Brockelman, W. & Creel, N.) 390.463 (Edinburgh University Press, 1984). 

21, Tenaza, R, R. Z Vierpsychol, 40, 37-52 (1976). 

22, Kappeler, M, in The Lesser Apes: Evolutionary and Behavioural Biology (eds Preuschatt, 
H., Chivers, D., Brockelman, W. & Creel, N.) 376-389 (Edinburgh University Press, 1984). 

23. Raemaekers, J, J. & Raemaekers, P. M. Anim, Behav. Gn the press). 

24, Lamprecht, J. Z Tierpsychol. 27, 186-204. (1970), 

25. Brockelman, W. Y, in The Lesser Apes: Evolutionary and Behavioural Biology (eds 
Preuschoft, H., Chivers, D., Brockelman, W. & Creel, N.) 285-290 ( Edinburgh University 
Press, 1984}. 

26. Goustard, M. in The Lesser Apes: Evolutionary and Behavioural Biology (eds. Preuscholt, 
H., Chivers, D., Brockelman, W. & Creel, N.) 404-415 (Edinburgh University Press, 1984), 

27, Marshall, J, T., Ross, B. A. & Chantharojvong, $. Mammal 83, 479.486 (1972), 

28. Haimoff, E. H, in The Lesser Apes: Evolutionary and Behavioural Biology (eds Preuschoft, 
H., Chivers, D., Brockelman, W. & Creel, N.) (Edinburgh University Press, in the press). 

29. Brockelman, W. Y. & Gittins, S. P. in The Lesser Apes: Evolutionary and Behavioural Biology 
(eds Preuschoft, H., Chivers, D, Brockelman, W, & Creel, N.) 497-531 (Edinburgh 
University Press, 1984), 

30, Brockelman, W. Y. Recent Adu, Primatol. 3, 345-318 (1978). 

31. Brockelman, W. Y, & Srikosamatara, S. in The Lesser Apes: Evolutionary and Behavioural 
Biology (eds Preusehoft, H., Chivers, D}, Brockelman, W., & Creel, No) 298-323 (Edin- 
burgh University Press, 1984), 

32, Tilson, R. L. Z Bombay nat. Hist. Soc. 76, 1-16 (1979), 

33. Tilson, R. L. Folia Primatol. 38, 259.287. 

34, Whitten, A. J. Int: Z Primatol 3, 33-51 (1982), 

35. Chivers, D, J, & Raemaekers, J. J. in Malayan Forest Primates: Ten Years’ Study in Tropical 
Rain Forest (ed. Chivers, I. J.) 209-260 (Plenum, New York, 1980), 

36, Raemaekers, J, J, Raemaekers, P. H, & Haimoff, E. H. Behaviour (in the press), 


a a ee ee EET 





Inositol 1,4,5-trisphosphate 
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When a sperm activates a sea urchin egg at fertilization, it triggers 
the release of calcium from a store within the egg by a hitherto 
unknown mechanism™?. The ensuing transient increase in cyto- 
plasmic calcium concentration is the stimulus for the beginning 
of embryonic development™*, Here we have activated sea urchin 
(Lytechinus pictus) eggs by microinjecting inositol 1,4,5-trisphos- 
phate (InsP), a substance which Berridge” has suggested may be 
an intracellular messenger whose probable function is to release 
calcium from intracellular stores™”. It is thought that InsP, is 
produced from plasma membrane. phosphatidylinositel 4,5- 
bisphosphate (Ptdins(4,5)P,) via enzymatic hydrolysis by a phos- 
pholipase C’°. Recently, it has been demonstrated that there is a 


substantial increase in the turnover of polyphosphoinositides im- o 


the sea urchin egg at fertilization", We now present preliminary 
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Fig.1 Elevation of the fertilization envelope induced by microin- 
jection of inositol phosphates: a, InsP; b, Ins(4,5)P,. The pipette 
tip. was placed eccentrically within the egg. Partial fertilization 
envelopes arose close to the tip of the pipette. Each amount of 
InsP, indicated was tested by microinjecting 10 eggs; these amounts 
correspond to 4, 8 or 20 pl of 100 nM, 4 pl of 400 nM or 4 pl of 
1,000 nM InsP. 8 pl of 20 nM (1.6 x 10~’ pmol) InsP, was ineffec- 
tive. 115 eggs injected with amounts of InsP, ranging from 5 x 10°° 
to 310-4 pmol (injected volume 0.5 pl) all showed complete 
fertilization membranes. 2 x 107° pmol Ins(4,5)P; was ineffective. 
The amounts correspond to 1,4 or 5 pl of 25 pM or 0.5 pl of 100 yM 
' Ins(4,5)P;. Volumes injected were estimated by measuring the 
diameter of droplets extruded under paraffin oil. Inositol phos- 
phates were prepared as described by Irvine et al?'; each com- 
pound was dissolved in 0.5M KCI containing 100 uM EGTA, 
pH7.0, and microinjected through bevelled micropipettes using 
pressure pulses from a nitrogen cylinder*. Microinjection of vehicle 
alone caused activation in | of 50 eggs. Free calcium concentration 
in the injected solutions, measured with a calcium-selective mem- 
brane electrode, was <10~’ M. Temperature 16 °C. 


evidence that there is a calcium-stimulated breakdown of 
PtdIns(4,5)P, in the egg cortex. We believe that, just as microin- 
jecting InsP, stimulates an increase in cytoplasmic calcium, the 
production of InsP, at fertilization may be responsible for the 
release of calcium from the egg’s intracellular store. 

The unfertilized sea urchin egg possesses a sensitive in situ 
indicator of cytoplasmic calcium concentration. A cytoplasmic 
calcium concentration >1 pm stimulates exocytosis of the egg’s 
cortical granules'*'* and a fertilization envelope appears around 
the egg. Figure la shows the amount of InsP, required to 
produce fertilization envelopes when injected into unfertilized 
eggs. Half the activated eggs had complete fertilization 
envelopes when 20 pl (4% egg volume) of 100 nM or 4 pl (0.8% 
egg volume) of 400 nM InsP; were injected (2 x 10~° and 1.6 x 
10~° pmol, respectively). Inositol bisphosphates were less effec- 
tive: Fig. 1b shows that 4 and Spl of 254M (1 and 1.25x 
10™% pmol), or 0.5 pl of 100M (0.510 pmol) Ins(4,5)P, 
were needed to cause elevation of the fertilization envelope; 
1 pl of 25 uM Ins(4,5)P2(2.5 x 107° pmol) caused partial eleva- 
tion of the fertilization envelope in | of 10 eggs (microinjection 
of vehicle alone caused activation in 1 of 50 eggs) and 1 pl of 
10 um Ins(4,5)P, (107% pmol) was ineffective. Injection of 40 pl 
of 25pm (107° pmol) inositol 1,4-bisphosphate (Ins(1,4)P2) 
resulted in the partial elevation of a fertilization envelope in 
only 1 of 16 eggs. These results indicate that InsP, stimulates 
cortical granule exocytosis at concentrations (assuming even 
distribution) of the order of 10nM, substantially lower than 
those reported to release calcium from membrane stores in 
permeabilized cells, but with similar specificity®’. InsP, seems 
to stimulate exocytosis indirectly by increasing the cytoplasmic 
calcium concentration. We determined that InsP, has no direct 
effect by applying it to isolated portions of egg cortex which do 





Fig. 2. a, A sea urchin egg partially activated by microinjection 
of 8 pl of 100 nM InsP, (8 x 1077 pmol). Exocytosis has occurred 
only in a sharply circumscribed region of the egg cortex. b, A sea 
urchin egg wholly activated by microinjection of 0.5 pl of 5 pM 

InsP, (2.5 x107“ pmol). Scale bar, 10 um. 


undergo exocytosis when exposed to physiological calcium con- 
centrations". 

InsP, releases calcium locally: on injection of 4 pl of 400 nM 
InsP; (1.6 x 107° pmol), the fertilization envelope in some eggs 


rose only over the region of the plasma membrane close to the 


tip of the micropipette. There is a sharp boundary (Fig. 2) 
between this area of the plasma membrane and surrounding 


areas where no exocytosis has occurred. This is consistent with 





a rapid hydrolysis of InsP, in the egg cytoplasm, or witha 


critical threshold concentration for the release of calcium. Injec- 
tion of smaller volumes of InsP; at higher concentration pro- 
duced the same result: 0.5 pl of 2.5 pM InsP, (1.25 x 10~° pmol, 
an equivalent amount) again produced partial elevation of the 
fertilization envelope. 


When a sperm fertilizes a sea urchin egg, the fertilization 


envelope first appears at the site of sperm entry and rises pro- 
gressively over the egg surface, appearing at the antipode about 


30s later'*. The asynchronous elevation of the fertilization - 


envelope reflects an underlying wave of cortical granule — 3 


exocytosis'®. It has been suggested that the increase in cytoplas- 
mic calcium concentration which occurs at fertilization is not 
spatially uniform, but propagates from the point of sperm 
entry'®. Figure 3 shows that microinjection of 0.5 pl of 5 yM 


InsP, (2.5 x107 pmol) induces a wave of exocytosis which — 


begins at the point on the egg surface nearest the tip of the 
micropipette and reaches the antipode some 25s later. This 
observation could be ascribed as readily to diffusion of the 
injected substance as to the initiation of a propagated wave of 
calcium release. Figure 3 also shows, however, that the transit 
time is constant over a fivefold range of InsP, concentrations 
at constant injection volume and is equivalent to the transit 
time at fertilization in these conditions; it decreases only at a 
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Fig:3 The dependence of the transit time of the cortical wave of 
exocytosis on the concentration of InsP, microinjected into eggs. 
e transit time was measured as the time from the first noticeable 
vation of the fertilization envelope at the point on the egg cortex 
arest the micropipette tip to the time of first noticeable elevation 
_ of the fertilization envelope at the point on the egg cortex diametri- 
ally opposite the point of initiation. The values are the mean + 
m..0f 20 observations (except for * which is the mean of 15 
bservations). Volume injected 0.5 pl. Temperature 16°C, The 
transit time at fertilization at this temperature in this species is 
3s (mean +s.e.m., n = 15). The dotted curve represents the 
cted relation between transit time and injected concentration 
€ phenomenon were due to diffusion alone. Two assumptions 
ere made: (1) that the diffusion process can be described by the 
quations of diffusion from a point source into an infinite 
1edium”*; (2) that a critical InsP, concentration must be reached 
fore exocytosis occurs. The first is a reasonable approximation 
ecause, although the egg is of finite volume, it is probable that 
tst-order degradation of InsP, occurs in the egg cytoplasm. The 
tis relatively insensitive to these assumptions, always predicting 
initial sharp decline in transit time with increased concentration; 
» however, sensitive to the value of the diffusion coefficient. 
he dotted curve is drawn for a diffusion coefficient of 3.3x 
0°" m? s™', a diffusion path length of 70 um and a critical con- 
tration of 30 nM. This estimate of the diffusion coefficient agrees 
ell with the expected diffusion coefficient for a molecule the size 
of InsP, in cytoplasm”, 


centration between 20 and 50 uM. The volume of solution 
cted represents 1/1,000 of the egg volume. These observa- 
are consistent with the notion that InsP, induces a propa- 
d wave of calcium release similar to that which may occur 
fertilization. 
: consequence of the increase in cytoplasmic calcium con- 
tion which occurs at fertilization is an increase in cytoplas- 
c pH"’. The cytoplasmic alkalinization is the second of the 
ionic signals which cause activation of the egg”, and may 
tected by measuring the fluorescence of fluorescein trapped 
egg'™!®. Microinjection of 0.5 pl of 10M InsP, (5 x 
pmol) into unfertilized eggs caused a 116+2.6% (mean+ 
n= 4) increase in fluorescein fluorescence, similar to the 
rease of 119+3.1% (mean+s.e.m., n=7) which occurs at 
lization”, Thus, we conclude that InsP, sets in motion the 
ic changes which constitute egg activation. 
ur data demonstrate the physiological effects of InsP; in an 
ct cell. In addition, our experiments supply possible answers 
uestion of how a sperm activates a sea urchin egg. There 
ibstantial turnover of PtdIns(4,5)P, at fertilization’. Figure 
ws that the breakdown of Ptdins(4,5)P, in an egg plasma 
brane preparation is stimulated by calcium concentrations 
54M, the concentration range at which exocytosis occurs 
this preparation’? and also the calcium concentration 
asured in the egg cytoplasm at fertilization*. Our results are 
sistent with a mechanism in which InsP,-stimulated calcium 
ase and calcium-stimulated InsP, production cooperate to 
luce a wave. of calcium release which propagates through 
gg cytoplasm. 
at sets this process in motion? Dale and co-workers have 
ed that sea urchin eggs can be activated by microinjecting 
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Fig. 4 The calcium dependence of PtdIns(4,5)P, breakdown in 
cortical fragments isolated from unfertilized sea urchin eggs. A 
preparation consisting of plasma membrane with associated cor- 
tical secretory granules was isolated by attaching eggs to glass 
coverslips with polylysine and shearing away the bulk of the egg 
with EGTA-containing medium (220 mM potassium glutamate, 
500 mM glycine, 10 mM NaCl, 5 mM MgCl,, 2.5 mM ATP, 1 mM 
EGTA, pH 6.7)". This preparation allows direct treatment of the 
cytoplasmic face of the plasma membrane with experimental solu- 
tions. After treatment for 2 min with the above medium containing 
various amounts of free calcium buffered with EGTA", the phos- 
pholipids were extracted and separated by chromatography”. 
Chromatograms were developed on oxalate-treated silica gel 60 
TLC plates (Merck, Darmstadt) in chloroform/methanol/ 
acetone/acetic acid/water (40:13:15:12:8)"°. Lipids were iden- 
tified by comparison with standards provided by Dr S. Cockcroft. 
Eggs incubated for 2-3 h in artificial seawater’? in the presence of 
**P.orthophosphate (200 pCi mI~', 50% v/v suspension; Amer- 
sham) incorporated lipid-associated **P predominantly into 
PtdIns(4,5)P, and phosphatidylinositol-4-phosphate (PtdIns(4)P). 
The radioactive spots corresponding to PtdIns(4,5)P, were iden- 
tified by autoradiography, scraped from the plate and measured 
by liquid scintillation counting, The amount of Ptdins(4,5)P, 
associated with the cortical fragments is expressed as a percentage 
of the radioactive PtsIns(4,5)P, present in 2 pl of packed eggs. By 
labelling egg surface proteins with fluorescein isothiocyanate, we 
have determined that the amount of egg cortex used for each 
experimental point corresponds to the cortex of 0.14 yl of packed 
eggs. It seems, therefore, that little breakdown of Ptdins(4,5)P, 
occurs when the preparation is made in the presence of excess 
EGTA. The points without error bars represent single determina- 
tions, PtdIns(4,5)P, associated with the cortex in low calcium 
medium (<107"M calcium) is 8.6 2.09% (as above) (mean+ 
s.e.m., n=9); the amount associated with the cortex 2 min after 
treatment with 8 pM calcium is 1.9+0.81%. (as above) (mean + 
s.e.m., n=8). This difference is significant (P<0.01, Student's 
two-tailed t-test). Temperature 16°C. 


the soluble fraction of a sperm homogenate”. Eggs can be 
activated by microinjecting micromolar calcium” but the soluble 
sperm fraction is reportedly calcium-free. It is an attractive 
possibility that the sperm introduces InsP, or a phospholipase ~ 
C activity on fusion with the egg, triggering the autocatalytic. . 
cycle of calcium release and PtdIns(4,5)P, hydrolysis. 
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The first step in the induction of immune responses, whether 
humoral or cell mediated, requires the interaction between antigen- 
presenting cells and T lymphocytes restricted at the major histo- 
- compatibility complex (MHC)'”, These cells invariably express 

“MHC class I molecules (HLA-D region in man and Ia in mouse) 
which are recognized by T cells of the helper/inducer subset in 
association with antigen fragments’*. Interestingly, in certain 
pathological conditions”, for example in autoimmune diseases 
such as thyroiditis® and diabetic insulitis“, class II molecules may 
be expressed on epithelial cells that normally do not express them. 
We speculated that these cells may be able to present their surface 
autoantigens to T cells, and that this process may be crucial to 
the induction and maintenance of autoimmunity’. A critical test 
of this hypothesis would be to determine whether epithelial cells 
bearing MHC class II molecules (class II* cells) can present 
antigen to T cells. We report here that class It" thyroid follicular 
epithelial cells (thyrocytes) can indeed present viral peptide anti- 
gens to cloned human T cells. 

We have described recently a T-cell clone (HAI.7) that is 
specific for a defined peptide (p20; residues 306-329) of the 
HA-1 molecule of influenza strain A haemagglutinin (subtype 
H;N;)"°. In the presence of antigen-presenting cells, these T 
cells-proliferate in response to the intact influenza virus of the 
appropriate subtype. As the antigenic determinant recognized 
by HAI.7 (p20) is also present in the intact virus, these cloned 
T cells provide a sensitive and homogeneous assay for the 
capacity of other cell types to function as antigen-presenting 
cells. However, the induction of T-cell proliferation to either 
the intact virus or p20 requires recognition of the relevant MHC 
„class IT polymorphism (for HAL.7 this is an HLA-DC/DS (now 
termed HLA-DQ) specificity in linkage disequilibrium with 
HLA-DRI-: ref. 11). It was essential, therefore, to select potential 
. .antigen-presenting cell populations from a histocompatible 
donor. 

We used epithelial thyroid cells from a patient with Graves’ 
_- disease (hyperthyroidism), because this disorder is commonly 

- treated by surgery, and thyroidectomy glands are a good source 
-of MHC class IT" thyrocytes. Peripheral blood mononuclear 
ukocytes (PBL) from the same thyroid donor (with the 
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appropriate HLA-DR phenotype) were assayed for their abili 
to present antigen to clone HAI.7. Irradiated PBL induced 
substantial proliferative responses of HAL.7 to either influe 
A/Texas virus or P20 (Fig. 1). Viable thyrocytes from the sam 
donor, after the removal of non-adherent cells, were stai 
and found to be positive for MHC class H molecules. Th 
were identified as thyroid epithelial cells by staining with Has! 
imoto’s serum, known to contain antibodies to the microy 
lar/microsomal antigens expressed on thyrocytes'”. No con- 
taminant macrophages were detected using monoclonal a 
bodies, thus excluding the possibility that they were actin, 
antigen-presenting cells. The percentage of DR* thyrocytes 
could not be determined precisely, because cells were. in co! 
fluent monolayers, but fluorescence microscopy showed it t 
in the range of 60-80%. 

When these thyrocytes were tested for their capacity to pr 
intact influenza virus and p20 to T cells of clone HAI.7, the 
was a reproducible marked proliferative response to p20. Th 
effect was also tested over a limited dose range of thyrocytes 
(10° or 10*) (Fig. 1), because in certain circumstances the number 
of antigen-presenting cells is critical'’. Unlike the res 
obtained with the PBL from the thyroid donor (Fig. 1), the 
was no response to whole formalin-inactivated A/Texas 
influenza virus (Fig. 2) over a wide dose range. 
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Fig. 1 Presentation of intact influenza virus and peptide to cloned 
T cells by histocompatible peripheral blood leukocytes froma: 
patient with Graves’ disease. ; 
Methods: T-lymphocyte clones specific for synthetic peptides of » 
influenza haemagglutinin (HA) were isolated as previously 
described. Briefly, PBL were cultured for 6 days with 0.1 pg mit 
HA (gift of Dr R, G. Webster). Following enrichment on a discon 
tinuous Percoll (Pharmacia) gradient, lymphoblasts were resuspen- 
ded in RPMI 1640 (Gibco) containing 10% A* serum and T-cell 
growth factor (TCGF) and plated at one cell every third well-in: . 
Microtest I1 trays (Falcon) with 10* irradiated autologous PBL 
and 0.1 pg m`! HA. After 7 days, growing clones were transferred 
to 96-well microtitre trays and then to 24-well trays. At each transfer. 
the clones received fresh TCGF and autologous irradiated PBL 
together with specific antigen. The clones were expanded in 25-em? 
tissue culture flasks receiving irradiated PBL and intact viru: 
(A/Texas/1/77) every 7 days and fresh TCGF every 3-4 days. 
TCGF was prepared from 48-h supernatants of PBL (1 x 10° mi~! 
cultured with 0.1% purified phytohaemagglutinin (Difco) in com: 
plete culture medium containing 2.5% A* serum. Before use in 
proliferation assays, the clones were rested 6-7 days after the 
addition of irradiated filler cells. For proliferation assays'*, cloned 
T cells (5x10*ml™') were cultured with irradiated PBL (20 

10* mi~’) in the presence of p20 (0.1-10 wg mi7', O—-O), A/Texas 
(0.5-50 HAU ml”, O---O) or thyrocytes (10° or 10°, D—E) in the. 
presence of p20 0.1-10 pg mi`'. Following 60h incubation, the 
cultures were pulsed for 8-16 h with 1.0 pCi mi! of [H-thymidin 
(TdR, Amersham) and collected onto glass fibre filters. Prolifer 
ation as correlated with °H-TdR incorporation was measured. by. 
liquid scintillation spectroscopy. Results are expressed as mean 
counts per min for triplicate cultures. Background response of 
cloned T cells alone was 271 +5 and in the presence of IL-2 it w 

25,672 +729 (arithmetic mean +s.d.). 

































€ 5 THY (104 & p20 
a 
2 
k: 
$ 
o 
Beverer ner enrneens ss eae gausev Sine © THY (10%) & prosba 
Ce A TAA E ee eee THY (104) & A/Texas 
rece nian 
Cm) 3 10 
[Peptides] (uo mi) 


(E AERSLLE Che ER 
’ 5 50 
[Virus] CHAU mo) 


Fig. 2 Response of HA1.7 to inactivated influenza virus and p20 
-in the presence of histocompatible thyrocytes. 
Methods: Irradiated (3,000 rad) thyrocytes from the same donor 
as forthe PBL were prepared by collagenase type IV (Worthington) 
igestion at 37 °C (5 mg ml’) for 3h as described in more detail 
where’, in the absence of any serum. The thyrocytes (10° per 
Il) were plated in 96-well flat bottom microtitre trays and after 
ay, washed to remove any non-adherent cells that may be able 
present antigen. They were then cultured with T-lymphocyte 
nes specific for synthetic peptide of influenza haemagglutinin 
‘A1.7)'°, in the presence of p20 (0.1-10pgml~', C—O) or 
ormalin-inactivated influenza A/Texas (0.5-50 HAU ml”, 
0-0). A non-stimulatory influenza peptide of the HA-1 molecule 
(RBOB4, residues 314-329) was used as a control (C > <- CJ). Pro- 
‘liferation was measured by thymidine incorporation, as described 
in Fig. | legend. The degree of macrophage/monocyte contamina- 
tion was checked using the monoclonal antibodies TGI and 
‘UCHMI (ref. 20). The response of HAI.7 alone was 114477, and 
-im the presence of IL-2 it was 40,813 44,930 (arithmetic mean + 
s.d.). 
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3 Response of HA1.7 to infectious inactivated influenza virus 
p20 to the presence of histocompatible thyrocytes. 

ods: Cloned T cells (HAI.7) were cultured with infectious 
influenza A/Bangkok (0.5-50 HAU mi7', (1---(), inactivated 
uenza A/Texas (0.5-50 HAU m~, O--(]) or p20 (0.1- 
10 ng mi~', (JC) in the presence of irradiated thyrocytes (10° 
per well). The background response of HA1.7 alone or in the 
presence of IL-2 were, respectively, 393+ 259 and 22,4174 7,839. 


After 24 hours the thyrocyte cultures were vigorously washed 
imes prior to the addition of T cells and antigen, in order to 

ove non-adherent cells, confirming that the presenting 
pacity was due to adherent thyrocytes and not to non-adherent 
HC class II* cells such as B cells or activated T cells. Dendritic 
cells, which are important antigen-presenting cells in some pro- 
iferative responses, are adherent at 2 h but not at 18 h, and thus 
d have been expected to be removed by this procedure!*"5, 
thermore, we have found recently that mouse dendritic cells, 
nlike human thyrocytes, can present particulate antigens such 

red cells and mycobacteria'’® and can process proteins such 
as keyhole limpet haemocyanin (B. Chain, P. Kaye & M.F., 





Table i Inhibition of thyrocyte-induced response to p20 by anti-class : 





H antibody 
Response 
Cells Antigen Antibody {cpm sdas 

HAL? ~ — — 114277 
HAL.7 — IL-2 — 40,8134 4,930 
HAI.7  Thyrocytes RB6B4 _ 11104571 i. 
HAL7  Thyrocytes p20 — 75,0414 14,844 
HAI.7  Thyrocytes p20 Anti-class H 3,460610 
HAL? m p20 ~~ 1,11290 

_ Thyrocytes ==- = 1424.26 


<item A NA eres nine seit 

Cloned T cells (10* per well) were cultured with MHC class H* 
irradiated (3,000 rad) thyrocytes (10* per well) in the presence of p20 . 
or RB6B4 (1 pg ml!) Anti-HLA class II ascites (HIG78)"', which is. 
known to block the response of HAI.7 (ref. 11), was included from the 
start of the cultures, at a dilution of 1/200. Proliferation was determined 
as described in Fig. | legend. Control responses of HAI.7 alone or with 
added interleukin-2 (IL-2) are shown. 


manuscript in preparation). It seemed unlikely that 
monocyte/macrophage-like cells in the thyrocyte preparations 
were involved, because these were not detected by staining with 
monoclonal antibodies. 

As thyrocytes failed to present formalin-inactivated A/Texas 
virus (Figs 2, 3), it was of interest to determine whether they 
were able to present an infectious preparation of A/ Bangkok, 
which contains p20 of identical sequence to that of influenza: 
A/Texas. The thyrocytes did not present infectious virus (Fig. 
3), but did present p20 to HAI.7. The inability of MHC class 
II” thyrocyte preparations to present either infectious or inacti- 
vated influenza virus, in contast to PBL, indicates that the 
antigen presentation noted could not have been due to any 
undetected contaminating MHC class II” PBL. Although it was 
conceivable that the failure of thyrocytes to present influenza 
A virus was due to their inability to bind and take up influenza 
virus, this seemed unlikely, as influenza virus, which uses 
neuraminic acidas cellular receptor, can infect virtually all cell 
types’’. This possibility was excluded by the strong staining of 
influenza A virus-incubated thyrocytes with rabbit anti-influenza 
A/ Bangkok antiserum. 

To verify that the presentation of p20 by thryocytes was an 
immunologically specific reaction and not a mitogenic effect 
perhaps due to thyroid hormones, another peptide (RB6B4) 
from the same virus sequence but which does not activate HAI.7 k 
was used as antigen, without effect (Fig. 2), To confirm that the 
expression of MHC class II antigen by thyrocytes was essential 
to their presenting function, an anti-class H monoclonal anti- — 
body, which inhibits the response of HAI.7 to PBL used as 
antigen-presenting cells'’, was used in co-culture. experiments. 
It efficiently inhibited the response of HA1.7 to p20: which was 
induced by thyrocytes acting as antigen-presenting cells 
(Table 1). 

The capacity of thyrocytes to present peptide antigen clearly 
indicates the functional nature of the MHC class II molecules 
detected on the surface of thyrocytes by immunofluorescence 
with monoclonal antibodies, and thus we can anticipate that 
other cells expressing aberrant HLA-DR or Ia molecules in 
other disease states“? may in the appropriate cirumstances act 
as autoantigen-presenting cells. The restriction on the type of 
antigen presented by DR* thyroid epithelial cells is noteworthy. 
These cells were capable of presenting only peptides which did 
not need further catabolism or ‘processing’ in order to expose 
their antigenic determinants, but could not present intact virus, 
which requires processing. This suggests that, in vivo, class II* 
epithelial cells may be able to present all antigens, but only 
those that do not need further alteration. Thus, surface autoan- 
tigens already expressed in the plasma membrane could be 
efficiently presented to. potentially autoreactive T cells. Indeed, 
we have demonstrated recently that autoreactive T cells, cloned 
from the intra-thyroid lymphocytes of autoimmune thyroiditis, 
are re-stimulated by their autologous MHC class II* thyrocytes, 
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T: buti not by histoincompatible thyrocytes (M.L., G.F.B. and M.F., 
manuscript submitted). 

“The restricted antigen-presenting function of class II* epi- 
thelial cells is compatible with the need for specialized antigen- 
‘presenting cells, such as macrophages’ and dendritic cells'* 
which can process” '® antigen, in generating immune responses 
to foreign antigens such as viruses. These experiments strongly 
support the concept that aberrant MHC class H expression is 
important in perpetuating, and perhaps initiating autoimmune 
reactions’, and indicates that control of this expression may be 
of importance in abrogating autoimmunity. 
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Human interleukin-2 (IL-2) is a glycoprotein of relative molecular 
mass (M,) 15,000, which is released by T lymphocytes on stimula- 

_ tion with antigen or mitogen and functions as a T-cell growth 
actor (TCGF) by inducing proliferation of activated T cells’, It 
-iş generally accepted that resting or activated B cells do not respond 
directly to IL-2 but require for their proliferation other T-cell- 








derived lymphokines usually referred to as B-cell growth factors 
E mecry. aed however, a monoclonal antibody reacting 
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Fig. 1 B-cell growth factor activity of human IL-2. BCGF activi 
was measured using the assay system described by Muraguchi and 
Fauci’, with minor modifications”, This system is based on cultur- 
ing B cells for 72h with formaldehyde-killed $. aureus Co 
strain I before addition of tested growth factors. The S. aureus was. 
grown in trypticase soy broth, inactivated by formaldehyde and 
used at a final dilution of 1: 4,000. B-cell populations were represen- 
ted by non-adherent spleen lymphocytes that had been depleted 
twice of cells forming rosettes with neuraminidase-treated she 
erythrocytes as described elsewhere'®, The resulting cells containe 
<1% erythrocyte-rosetting cells. Further analysis of this popul: 
tion was performed using FACS (see Fig. 2). These B cells (5 x It 
were cultured in round-bottomed microtitre trays in 0,2 m: RPM 
1640 with 10% fetal calf serum (FCS) in the presence or absenc 
of S. aureus. Serial dilutions of standard spleen supernatant | 
A) or recombinant IL-2 (@—@) were added at day 3. Cu 
were continued for an additional 72h and 0.5 pCi of 
thymidine GH-TdR) was added 18h before. collection 
measurement of thymidine incorporation. As an indicato 
system for the determination of IL-2 biological (TCGF) 
we used the CTLL murine cytolytic T lymphocyte line kn 
proliferate in response to human IL-2 (but not to PHA)", Thes 
cells were cultured for 24h in Dulbecco's modified Eagle's mediun 
and 5% FCS in the presence of serial dilutions of tested super- 
natant. IL-2 activity was assessed by °H-TdR uptake after 24h, 
following a 6-h pulse with 0.5 pCi °H-TdR. The value of | Umi?! 
was assigned to an IL-2 concentration leading to 50% maxim 
4H-TdR uptake. The recombinant human IL-2, purified and free. 
of endotoxin (specific activity LU per 0.3 ng protein), was provide: 
by Biogen. The cloning and screening of human IL-2.cDNA 
plasmid obtained from RNA isolated from PHA-stimulated human 
spleen cells and its expression in E. coli have been performed 

Devos et alë. 


with the IL-2 receptor molecules expressed by activated T cel 
(anti-Tac)** was shown to react also with certain B tumour cells’ 
in addition, murine B cells proliferate in response to pure huma 
IL-2’. We now show that recombinant g2 derived: fi 
Escherichia coli expressing the human gene”, is able to promo 
strong proliferation of human B cells activated with protein=A-fi 
Staphylococcus aureus Cowans strain I”. Moreover, we demonstrate 
that the anti-Tac antibody also reacts with S. aureus-acti 
normal B cells and inhibits sharply the proliferative response 
such cells to IL-2. Finally, immunoprecipitation experiments i 
that anti-Tac defines similar molecules on activated T and B ce 

BCGF activity is measured by an assay system describe 
previously’, with minor modifications. This system is based o 
the growth factor-induced proliferative response of B cells pr 
activated for 3 days with an appropriate source of formaldehyd 
killed protein A-rich S. aureus Cowans strain I. Cell proliferation 
is evaluated by *H-thymidine incorporation after an addition 
3-days’ culture. The ability of recombinant IL-2 to promote 
or B-cell proliferation is compared with that of standat 
phytohaemagglutinin (PHA)-induced spleen  supernat 
routinely used in our laboratory as a source of both TCGFs an 
BCGFs"°. First, we determined the TCGF activity of the sampli 
examined by a proliferation assay using the CTLL murin 
cytolytic T-lymphocyte line, known to proliferate in respon 
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Fig.2 Anti-Tac antibody binds to activated B cells. Human spleen 
» B cells, isolated as described in Fig. 1 legend, were analysed for 
surface antigen expression either directly (b), or after 3 days of 
activation with S. aureus (c) or after an additional 3 days of culture 
in the presence of 15 U ml~!' recombinant IL-2 (d) (see Fig. 1). T 
cells that had been stimulated for 3 days with 1% PHA and then 
cultured for a further 3 days with recombinant IL-2 (15 U mi~’) 
- Were analysed for comparison (a). 
Methods: 2 x 10° cells were incubated with one of the following 
monoclonal antibodies: anti-Tac (100 ul of 1:10,000 ascites in 
medium), 4F2 (ref. 11) (100 wl of 1:2,000 ascites in medium), 
OKT3 (5 wl of the standard solution). Control cells were incubated 
in culture medium with no antibody. Cells were washed and 
incubated with fluorescein isothiocyanate-conjugated goat anti- 
mouse immunoglobulin for 30min. To detect surface 
immunoglobulin, cell samples were incubated with the F(ab’), of 
- a goat anti-human immunoglobulin'®. Samples were then washed 
-and analysed on a BD FACS system as described previously'*"”, 
Note that both activated B-cell populations expressed the Tac (or 
the 4F2) antigen to a level similar to that of activated T cells; in 
_ contrast, no. Tac (or 4F2) antigen was detectable in resting B cells. 
The B-cell nature of the S. aureus-activated cell population was 
ndicated by the absence of T3* cells by the expression of surface 
immunoglobulin. 


o human IL-2’, Serial dilutions of these samples were then 
ested for BCGF activity in the S. aureus-activated B-cell assay. 
cell proliferation was promoted by both sources of IL-2 (Fig. 


Clivities of the two samples. We examined whether proliferation 
contaminating T lymphocytes could account for the response 
IL-2 observed in the activated B-cell assay. T lymphocytes 
ere counted as cells forming rosettes with sheep erythrocytes 
nd/or as T3-positive cells by analysis using fluorescein-acti- 
ated cell sorting (FACS). There were always <1% erythrocyte- 
‘osetting lymphocytes in the cell populations tested before cul- 
re and <2% at the end of culture (six different experiments); 
addition, T3* cells could not be detected by flow micro- 
uorometry (see also Fig. 3). Thus, we conclude that the °H- 
ymidine incorporation observed in S. aureus-activated B-cell 
opulations after exposure to IL-2 reflects proliferation of B 
ells and not contaminating T cells. 
Given the ability of recombinant IL-2 to induce proliferation 
of activated B cells, it was of interest to determine whether 
nding of IL-2 to B cells occurred via surface receptors similar 
to those expressed by activated T cells. B cells activated by S. 
eus were therefore analysed for their reactivity with the 
-Tac monoclonal antibody, which is specific for the IL-2 
ors éxpressed by activated T cells**, Previous studies 
dicated that other surface molecules expressed by activated 
ells, suchas the 120,000-M, 4F2, were also expressed by B 
ls following activation with S. aureus’. The expression of 
ac and 4F2 antigens was assessed by indirect immunofluores- 
e and flow microfluorometry on B cells either 3 days after 
vation with S. aureus or after an additional 3-days’ culture 
n the presence of recombinant IL-2. Fresh unstimulated B cells 
d PHA-activated T cells were analysed for comparison. Both 


and. we found a strong correlation between BCGF and TCGF 















































Fig. 3 Anti-Tac antibody recognizes similar molecules on acti- 
vated T or B cells. a, b, Electrophoretic patterns obtained following 
immunoprecipitation, in reducing conditions, of '**I-labelled B 
and T cells, respectively, with anti-Tac monoclonal antibody. d, 
e, The same molecules immunoprecipitated in non-reducing condi- 
tions. Migration of HLA class I molecules immunoprecipitated 
from S. aureus-activated B cells with the B9.12 antibody in reducing 
(c) or non-reducing (/) conditions is shown for comparison. Note 
that the apparent M, of Tac antigen in reducing conditions is 
~64,000 in both cell types, while the M, in non-reducing conditions 
is 55,000, thus providing evidence for the existence of internal 
disulphide bond(s) in both T and B cells. 

Methods: Spleen B cells were cultured with S. aureus for 3 days 
(see Fig. 1) and with recombinant IL-2 (15 U ml”') for an addi- 
tional 48 h. Cells from several microwell plates were pooled and 
surface labelled with '™I using lactoperoxidase-glucose-oxidase- 
catalysed iodination’*. T cells cultured for 3 days with 1% PHA 
and for an additional 3 days with recombinant IL-2 were also 
surface-labelled. Approximately 20x 10° cells were washed and 
resuspended in | ml phosphate-buffered saline (PBS) containing 
glucose (5.5mM) and the following reagents: 2041 KI (5x 
1075 M), Na'?I (1 mCi), 40 pl lactoperoxidase (1 mg m!™' solution 
in PBS), 10 yl glucose oxidase (stock solution diluted 1:100 in 
PBS). Cells were incubated at 4°C. After 10 min and 20 min, 10 ul 
glucose oxidase were added and the incubation was carried out 
for a total period of 30 min. Cells were then washed five times in 
cold RPMI, twice in PBS and lysed in 10 mM Tris-buffered saline 
(pH 7.5) containing 1% NP40, 1 mg mi™’ bovine serum albumin 
and 0.1 mM phenylmethylsulphonyl fluoride (PMSF) for 20 min 
at 4°C. The supernatant of a 30-min spin at 100,000g was then 
immunoprecipitated as follows. Supernatants were dialysed with 
PBS containing 0.05% NP40 and 0.1 mM PMSF and precleared 
twice with 100 ul of packed protein-A-Sepharose beads for 2h 
under rotation. Aliquots (200 ul) were then incubated for 2 h with 
10 wl of a 1:10 dilution of anti-Tac or B9.12 (anti-HLA)'® ascites. 
20 ul of protein-A-Sepharose beads were added and samples incu- 
bated for 2h at 4°C. The immunoprecipitate was eluted from 
protein-A-Sepharose by boiling for 2 min in 5% SDS in the pres- 
ence or absence of 5% 9-mercaptoethanol and analysed on 11% 

discontinuous SDS-polyacrylamide gels'*. 


activated B-cell populations expressed the 4F2 and Tac antigens 
to a similar level to that observed on activated T cells ( Fig. 2). 
On the other hand, neither antigen was detected on unstimulated 
B cells. That the cells expressing Tac antigen in the S. aureus- 
activated cell populations were indeed B cells (and not T cells) 
was confirmed by the demonstration that most cells expressed 
surface immunoglobulins whereas T3* cells were virtually 
absent. 

In view of the strong reactivity of anti-Tac with activated T 
and B cells, we then compared the anti-Tac-reactive molecules 
present in the two lymphocyte populations. B cells stimulated 
with S. aureus and PHA-induced T-cell blasts were surface 
labelled with '**I by the lactoperoxidase-glucose oxidase-cata- 
lysed iodination method’*. They were then lysed and the result- 
ing cell extracts immunoprecipitated with anti-Tac. On SDS 
polyacrylamide gel electrophoresis (PAGE), the molecules rec- 
ognized by anti-Tac in both lysates displayed a M, of ~55,000 
in nonreducing conditions (Fig. 3, lanes a,b) and 64,000 in 
reducing conditions (lanes d, e), We therefore conclude that the 
molecules serving as IL-2 receptors on activated T and B celts 
are similar. i 
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Fig. 4 Anti-Tac inhibits the IL-2-induced proliferation of S. 
aureus-activated B cells. Serial dilutions of anti-Tac or anti-4F2 
were added to 5 x 10* spleen B cells that had been cultured for 3 
days with optimal concentrations of S. aureus in round-bottomed 
96-well microtitre plates. Spleen supernatant or recombinant [L-2 
an added subsequently at a final concentration of 7 U mi~? IL-2. 
Dy ned cultures were incubated for 72h at 37°C and 0.5 mCi 
f"H-TdR was added 18 h before collection (see also Fig. i). Data 
K expressed as % inhibition of the response obtained in cultures 
receiving spleen supernatant or recombinant IL-2 alone {53,500 + 
3,400 c.p.m. and 46,800 1,400 c.p.m., respectively). 


We next investigated whether the IL-2-induced B-cell prolife- 
rative response could be inhibited by anti-Tac (in the absence 
of complement). The B-cell proliferative response to recom- 
binant IL-2 or spleen supernatant was strongly inhibited by the 
addition of anti-Tac at a final dilution of 107° of anti-Tac ascitic 
fluid whereas anti-4F2 ascites, used as control, had minimal 
inhibitory effect even when added at final dilutions as high as 
10° (Fig. 4). According to previous studies, supernatant of 
lectin-stimulated lymphocytes should contain lymphokines with 
BCGF activity in addition to IL-2. However, in our study, up 
to 90% inhibition of B-cell proliferation was achieved with the 
anti-Tac. Taken together, the present results suggest that IL-2 
may be responsible for a large part of the BCGF activity gener- 
ated by PHA-stimulated human spleen cells. Our data do not 
rule out the possibility that molecules other than IL-2 display 
BCGF activity. For example, supernatants of lectin-stimulated 
72-h lymphocyte cultures have been reported to contain strong 
BCGF activity but little TCGF activity’; in addition, T-T-cell 
hybridomas have been described which released BCGF and not 
IL-21%4, In any case, limiting dilution analysis of the precursors 
of IL-2-producing cells has previously indicated that as many 
as 60% of peripheral blood T cells have this functional poten- 
tial'®, and it is therefore evident that a large fraction of human 
T cells can also influence B-cell responses via IL-2. 
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The availability of monoclonal antibodies has revived interest | 
immunotherapy. The ability to influence an individual’s immun 
state by administering immunoglobulin of the appropriate speci 
ity may provide a powerful approach to disease control and. 
tion. Compared with immunoglobulin from other species, hur 
immunoglobulin (Ig) might be best for such therapeutic inte: 

tion; it might function better with the recipient’s effector cel í 
should itself be less immunogenic. The success of the mouse 
hybridoma system suggests that immunoglobulin of virtually am 
specificity can be obtained from a properly immunized anim: 
the human system, however, immunization protocols are restricted 
by ethical considerations, and it is not yet clear whether huma 
antibody-producing cell lines of the required specificity can 

obtained from adventitiously immunized individuals ‘or: 
in vitro immunized cells. A method which might circumvent these 
difficulties is to produce antibodies consisting of mouse v. 
regions joined to human constant. regions. Therefore, 
constructed immunoglobulin genes in which the DNA se 
encoding mouse variable regions specific for the hapten t 


constant regions, These ‘chimaeric’ genes are expressed as f 
tional TNP-binding chimaeric IgM. We report here some of 
properties of this novel IgM. 
The variable regions used in the experiments described h 
are derived from the hybridoma cell line Sp6 which secretes 
IgM(«) specific for TNP’. The specific « gene? and p gene? 
have been cloned and were used as a source of TNP-specific 
variable regions Which were joined to cloned human u and K 
constant regions” in the vector pSV,-neo® (Fig. 1). : 
To assay the chimaeric light- and heavy-chain genes indepen 
dently of each other, we transferred these genes into appropri 
mutant hybridoma cell lines derived from Sp6. The vector pN: X- 
«TNP bearing the chimaeric « light-chain gene, was transferred 
as described elsewhere’ to the mutant cell line, igk14 (ref. 
This cell line has lost the ability to produce the TNP-specific 
light chain («x pyp) but continues to synthesize the TNP-spec 
p heavy chain (urup). Ina similar manner, the vector pN* x 
ww TNP bearing the chimaeric heavy-chain gene, was transferre 
to another mutant cell line, igm10 (ref. 3), which produces Kryp 
but no ryp. To produce the totally chimaeric IgM, we transfer- 
red the vectors pN y-« TNP and pN- x-4 TNP together into the 
cell line, Sp2/0 (ref. 10), which produces neither heavy nor light 
immunoglobulin chains. Transformants were selected for resis! 
ance to the drug G418, then tested for their production of 
TNP-specific IgM, as measured by their ability to agglutinat 
TNP-coupled sheep red blood cells (TNP-SRBC). Th 
frequency at which stable G418-resistant transformants wer 
generated was found to be 107%. In experiments involving 
single vector-transfer, approximately 30% of the resistant 
transformants produced detectable IgM. In the co-transfer 
experiment, where the chimaeric « and u were introduced int 
Sp2/0, we estimate that 0.1-1% of the transformants produced 
enough of both urup and Krnp to make detectable IgM. The 
selective advantage to co-transfer seems here to be significantly | 
less than that reported by others using calcium phosphate co- 
precipitation’ or protoplast fusion'?. We have also transferred 
the chimaeric heavy-. and light-chain genes sequentially: th 
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Fig.. 1 a, Construction of the chimaeric heavy-chain gene, The 
kilobase (kb) EcoRI- Hindili fragment containing the mouse 
“TNP-specific heavy-chain variable region was obtained from the 
cloned TNP-specific heavy chain, Sp6-718 (ref. 3). This fragment, 
together with the 8.0-kb BamHI- HindIII fragment containing the 
uman constant region-from the cloned segment AC75 (ref. 4), was 
ntroduced into pSV2-neo by ligation at the EcoRI- BamHI site. 
Construction of the chimaeric light-chain gene. The 5.4-kb 
mĦHI-HindIt fragment containing the human C, gene was 
‘introduced into pBR322 by ligation at the BamHI-Hindlll site. 
The 4.2-kb HindIII- HindIII fragment containing the mouse TNP- 
pecific light-chain variable region was obtained from the cloned 
FNP-specific light chain T,1 (ref..2) and introduced into the 
in dIIl site of the pBR322 vector containing the human C,. From 
this plasmid, pVCx, the 9.6-kb BamHI-Clal fragment containing 
the chimaeric light chain was obtained and introduced at the 
mHI-Clal site of a modified pSV2-neo vector containing the 
BamHI-EcoRI segment derived from pBR322. The chimaeric 
ight-chain gene was also introduced into the vector pSV2-gpt”? in 
e manner described above. Restriction enzymes: B, BamHI; C, 
> Clal; E, EcoRI; H, Hindili. 


/0; in a subsequent step, transfer of the light-chain gene, 
ied in this case on the vector pSV2-gpt'?, was selected by 
sistance to mycophenolic acid. Stable transformants which 
oduced the highest levels (~5 ug mi~’) of IgM were selected 
further study and cloned by limiting dilution. The vector 
LTNP, which bears in their entirety the mouse genes for 
NP-specific 2 and x chains, was also transferred to the cell 
je Sp2/0, (refs 3, 14) and the IgM made by one such transfor- 
ant, TSp2/mIgM12, is compared here with the chimaeric IgM 
made by the transformant TSp2/y-IgM1. By using various anti- 
ra specific for antigenic determinants of the mouse and human 
d constant regions, we confirmed that the chimaeric genes 
de chimaeric proteins, that is, the TNP-binding capacity of 
mouse IgM is linked to antigenic determinants of human H 
id « chains (results not shown). 

o determine whether the chimaeric IgM is pentameric, we 
alysed the ‘biosynthetically. labelled IgM secreted by these 
iransformants using SDS-polyacrylamide gel electrophoresis 
DS-PAGE). The SDS-denatured chimaeric IgM from TSp2/ x- 
Ml! migrates at nearly the same rate as pentameric mouse IgM 
oduced by the hybridoma Sp6 and the transformant 
p2/mīgM12 (Fig. 2A), indicating that the chimaeric genes 
produce mand « chains which combine to form pentameric 
gM. After reduction of the disulphide bonds, chimaeric u and 
ns migrate slightly slower than the corresponding mouse 
shains (Fig: 2B). The molecular weights of the human u and 
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Fig. 2 Production of immunoglobulin heavy and light chains in 
transformants. The transformants expressing the chimaeric u and 
K genes are compared with two cell lines making TNP-specific 
murine IgM: the parental Sp6 hybridoma ($p603 subclone) from 
which the urup and Kryp genes were cloned, arid a transformant 
(TSp2/mIgM 12) expressing the transferred murine uryp and Krup 
genes (denoted as cell line Sp2/T12 in ref. 14). The secreted IgM(«) 
of the indicated cell lines was biosynthetically labelled with '@C- 
leucine and subjected to SDS-PAGE as described’. 
Immunoglobulin from cell lines Sp2/0 (a), Sp6 (c) and 
TSp2/mIgM12 (d) was precipitated with anti-mouse IgM. 
immunoglobulin from the cell lines Sp2/0 (b) and TSp2/y-IgM 
(e) was precipitated with anti-human IgM. A, Material was not 
reduced so that the immunoglobulin disulphide bonds are intact. 
B, Material was treated with 2-mercaptoethanol to reduce disul- 
phide bonds. 


x constant regions are nearly the same as the corresponding 
murine amino acid sequences'*; therefore the difference in 
mobility does not reflect simply a difference in molecular weight. 
Work is in progress to determine the reason for these differences 
in mobility. 

We used two methods to compare the binding sites of mouse 
and chimaeric IgM, First, we determined the affinity of these 
IgMs for TNP by measuring the ability of free hapten to inhibit 
the inactivation by these IgMs of TNP-coupled phage T4 (Fig. 
3); the association constant of mouse and chimaeric IgM for 
the hapten TNP-cap (2,4,6-trinitrophenyl-e-aminocaproic 
acid) was 1.3+0.5x10f M7" and 1.5+0.5x10*M™', respec- - 
tively, Within experimental error, we can detect no significant 
difference in affinity for TNP between the mouse and chimaeric 
IgMs. 

We also compared the affinity of these IgMs for each of several 
trinitrophenyl-like compounds by measuring the ability of these 
compounds to block the agglutination of TNP-SRBC by IgM. 
Figure 4 illustrates the results obtained for TNP-cap and DNPy- 
Ala (3,5-dinitropyridine-B-alanine). The displacement of the 
inhibition curves indicates that the affinity of each IgM for 
DNPy-Ala is about threefold less than for TNP-cap. Table | 
summarizes the results obtained for other compounds. Again, 
these results suggest that the hapten binding sites are comparable 
in the mouse and chimaeri¢ IgMs. The direct analysis of 
immunoglobulin structure predicted that immunoglobulin speci- 
ficity should be unchanged when the same variable region. is 
joined to different constant regions'®. This prediction has been 
verified both in studies of IgM and IgD in normal cells” and 
in analyses of the binding specificity of the immunoglobulin 
made by hybridoma cell lines which have switched in vitro'®'°, 
In addition, Sharon et al,” have shown that the substitution of 
a light-chain constant region for a heavy-chain constant region 
does not affect the affinity of the resulting protein. On the other 
hand, we can distinguish between the chimaeric and mouse 
IgMs using hapten inhibition of TN P-SRBC agglutination as a 
binding assay (Fig. 4). For each hapten, the curve for chimaeric 
IgM is displaced from the corresponding curve for mouse IgM. 
The phage inactivation analysis described above indicated that _ 
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Tabie 1 Relative affinity of mouse and chimaeric IgMs for trinitro- 
phenyl-like compounds 








Hapten 


TNP-cap 1.00 1.00 
TNP-Lys 1.00 1.00 
DNP-Lys 1.00 1.00 
DNPy-Ala 3.00 3.00 
NIP >10 >25 
NP >10 >25 





As described in Fig. 4 legend, we measured the ability of each hapten 
to inhibit agglutination of TNP-SRBC. TNP-cap was obtained from 
Dr G. D’Agostura; TNP- Lys (2,4,6-trinitrophenyl-L-lysine) and DNPy- 
Ala were obtained from Research Plus; NIP (4-hydroxy-3-iodo-5- 
> pitrophenylacetic acid) and NP (4-hydroxy-3- nitrophenylacetic acid) 

` were obtained from Sigma and Aldrich, respectively. The affinity of 
each IgM for the indicated haptens, relative to TNP-cap, was determined 
by the displacement of the inhibition curves. mlgM, murine IgM; y-IgM, 
~: chimaeric IgM. 


these IgMs have the same affinity for TNP-cap. In this context, 
the displacement of the agglutination curves suggests that the 
binding of the chimaeric IgM to TNP-SRBC is different in some 
way from that of the mouse IgM. The significance of this 
-difference in molecular terms is unclear. Crystallographic analy- 
sis has suggested that there are several sites at which the variable 
region interacts with the first domain of the constant region'® 
such interactions may affect the binding site differently in the 
chimaeric and mouse IgMs. On the other hand, agglutination 
is a complex process involving the binding of multiple IgMs at 
each of the multiple sites. Subtle differences in aspects such as 
flexibility of the constant region may affect binding and thus 
the sensitivity to inhibition. by free hapten. The molecular stress 
necessary to effect agglutination may distort the variable region 
in ways which would not usually occur while the 
immunoglobulin is free in solution. 

We have also compared the chimaeric and mouse IgMs for 
their ability to activate complement. Culture supernatants were 
titred for their ability to promote lysis of TNP-SRBC in the 
presence of a source of complement, that is, guinea pig serum. 
Compared with the haemagglutination titre, the haemolysis titre 
for chimaeric IgM was about fourfold less than that for mouse 
IgM; we do not know whether this reflects a difference in the 
intrinsic ability of these IgMs to activate complement or the 
difference in TNP-SRBC binding discussed above.. - 

Several therapeutic uses for specific antibodies have been 
proposed. The transfer of passive immunity by injecting specific 
immunoglobulins is a long-standing treatment. Other, uses are 
more speculative. In animal models, anti-idiotype antibodies 
have'been used both to elicit and to suppress the production of 

«specific antibodies by the recipient animal”'. These results might 
be extended to humans so that anti-idiotype antibodies could 
be used in some cases as a vaccine to enhance antibody produc- 
tion and in other cases to depress the destructive immune 
responses which cause autoimmune diseases. The identification 
of tumour-associated antigens might lead to the production of 
monoclonal antibodies that selectively destroy tumour cells 
in vivo”. However, as mentioned above, it may prove difficult 
to obtain human. monoclonal antibodies having the specificities 
required for immunotherapy. Chimaeric immunoglobulins may 
provide a good compromise. For both monoclonal human 
immunoglobulin and chimaeric immunoglobulin, the constant 
region is expected to be non-immunogenic. We have no reason 
to expect the mouse variable region would in this form be more 
immunogenic than a human variable region of the same speci- 
_ sity. 

Jn terms of DNA and protein, the chimaeric antibody system 

: works well. The regulatory signals for RNA transcription, initi- 

“ation, termination and splicing function, so that these genes 

ape igh level of chimaeric « and « chains. The specificity 

f th mouse variable region is preserved in the chimaeric IgM, 

onstant t regions function so that the p and x 
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have significance for immunotherapy. 
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Fig. 3 Affinity of chimaeric and mouse IgMs for TNP. TNP wa 
coupled to phage T4 as described elsewhere’. The affinity for 
hapten was calculated as follows. The rate-limiting step for 
inactivation of phage T4 is the: attachment of- the fir 
immunoglobulin binding site?” that is, the concentration ‘of surviv- 
ing phage, ®, is given by ® = P exp (~aB) where P = initial hapten 
ated phage concentration before reacting with the anti-TNP, B 
concentration of free binding sites and.a = proportionality con- 
stant. By incubating free hapten in the reaction mix, the concentra: 
tion of free binding sites can be manipulated according to the 
formula K,=[hB]/[h][B], where K, is the association constant, 
[A] the hapten concentration, [B] the « concentration of free binding 
sites and [hB] the concentration of binding sites bound to hapte: 
The inactivation index, I,, is defined as log ®(h)/P where Dh) 
is the phage concentration after incubation with anti-TNP in 
presence of hapten at. concentration h. The figure plots ther 
Taf lo as a function of hapten concentration where I, is the inacti 
tion index obtained in the absence of free hapten (h= 0). Ei 
point was determined in triplicate. The affinity constant for 
hapten can be calculated from any point as K, = 1/A[Jo/Iy, = 
The values of K, given in the text represent the average of all poin 
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Fig. 4 Relative affinity of migM (@) and y-IgM (O) for TNP- 
(+——-) and DNPy (- - - -) haptens. Culture supernatants from the 
transformants TSp2/mIgM12 and TSp2/y-IgM1 were serially. 
diluted in twofold steps and incubated with either TNP-cap' or 
DNPy-Ala at the indicated concentration in V-bottomed 96-well 
trays. TNP-SRBC were then added and the wells were scored for 
agglutination. The inhibition of agglutination, that is, the reduction 
in the number of wells with positive haemagglutination, is show 
here for the indicated concentrations of each hapten. The displace- 
ment of the curves for the different haptens indicates the hapten: 
concentrations required to yield the equivalent number of free 
binding sites, and thus measures the relative affinities of each IgM 

for the two haptens”®. 


chains are covalently bound to form pentameric IgM which can 
activate complement. We have, nevertheless, detected differen- 
ces in the binding to TNP-SRBC of the chimaeric and mou: 
IgMs. Further work is needed to assess whether these differences 
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The cellular tumour antigen p53 is found at elevated levels in a 
wide variety of transformed cells (for reviews see refs 1, 2). Very 
ittle is yet known about the precise relationship of p53 to malig- 
nt transformation. Although the increase in p53 levels could be 
secondary by-product of the transformed state, it is equally 
ssible that p53 is actively involved in altering cellular growth 
roperties, especially as it has been implicated in the regulation 
normal cell proliferation**. We sought to test whether p53 
could behave in a manner similar to known genes in a biological 
test system, and we demonstrate here that p53 can cooperate with 
the activated Ha-ras oncogene to transform normal embryonic 
ells. The resultant foci contain cells of a markedly altered mor- 
hology which produce high. levels of p53. Cell lines established 
rom such foci elicit tumours in syngeneic animals. 
Recent findings have suggested certain similarities between 
5 and the product of the oncogene myc. Both are DNA binding 
proteins. (ref: 7- and D. Lane, personal communication) that 
ccumulate in the nuclei of transformed cells”*. Both are regu- 
with the cell cycle*?:"° and are induced at an early stage 
ollowing the treatment of resting cells with mitogens***, 
loheximide-treated cells accumulate p53'! and show 
nereased myc messenger RNA levels’. Detailed analysis of the 
aminoacid sequences predicted for the two proteins shows weak 
similarities in both the overall molecular organization and the 
positioning of charged residues within distinct domains of the 
molecules'**. Hence, if p53 can function like known oncogenes, 
pis likely to do so in a manner similar to myc 





Table1 Transformation of rat and Chinese hamster embryo fibroblasts ` 
by various gene combinations 





Foci per 10° cells 





REF REF CHEF 

Transfected DNA expt | expt2 expt3 Tumorigenicity 
Carrier 

(BALB/c DNA) 0 0 0 
pEJ6.6 0 0 0 
PMSVp33G 0 0 ND 
pPyp53c ND ND 0 
PMSVp53G + pEJ6.6 13 5 ND 15/15 
pPyp53c+ pEJ6.6 ND ND 20 
pLSVmyc+ pEJ6.6 ND 21 ND 9/9 
pLA8& + pEJ6.6 68* ND 165* 
pMSVE + pEJ6.6 ND 0 ND 
None 0/8 





Primary Fisher rat or Chinese hamster embryo fibroblasts were pre- 
pared*’ and maintained in Dulbecco's modified Eagle’s medium supple- 
mented with 10% fetal calf serum and 4 mM L-glutamine (maintenance 
medium). 10° cells were seeded per 90-mm dish, and were transfected 
with the indicated DNA combination after 1 day (10 yg of each plasmid, 
made up to a total of 25 ug with sheared BALB/c liver DNA). pLSVmye 
was constructed linking the 5.6 kb BamHI fragment of the murine c-myc 
gene (see ref. 14) to the SV40 early promoter. pLA8 contains the left-end 
9.1% of the adenovirusl2 genome, including the EIA and part of the 
EIB region’. pMSVE is a derivative of pMSVp53G, containing only. 
the MSV enhancer inserted in the BamHI site but no p53-specific 
sequences (compare with Fig. 1). The cells were transfected by the 
calcium phosphate procedure” for 16 h, glycerol-shocked (10% glycerol 
in maintenance medium for 90s), replenished with maintenance 
medium, allowed to recover for an additional day, then split and 
reseeded at a density of 410° (rat fibroblasts) or 2*10° (Chinese 
hamster cells) per 90-mm dish. Medium was changed every 6-7 days. 
Distinct foci overgrowing the monolayer were scored 16 days (expt 1), 
14 days (expt 2) or 24 days (expt 3) after replating of transfected cultures. 
REF, rat embryo fibroblasts; CHEF, Chinese hamster embryo fibro- 
blasts. The tumorigenicity of cell lines established from corresponding 
foci was determined by injecting subcutaneously 5 x 10° cells into 5-8 
day-old Fisher rats whole-body irradiated with 200 rads. As a non- 
transfected control (bottom line) we used REF propagated in culture 
to obtain a sufficient number of cells. Data are derived from two different 
p53 + Ha-ras lines and one myc + Ha-ras line. ND, not determined. 

* Foci possessing a distinctly different morphology from that induced 
by pLA8 alone. 


A biological test system demonstrating the involvement of the 
myc product in malignant transformation has been established 
recently'*'>; primary rat embryo fibroblasts are transformed 
stably by the joint action of myc and another oncogene such as 
Ha-ras. Similar results are obtained when another nuclear 
oncogene, the adenovirus-2 EIA region, is assayed by co- 
transfection with Ha-ras in an analogous system'®, In both cases, 
the transformation is visualized by the appearance of dense 
foci capable of overgrowing the monolayer of normal cells and 
are dependent on the presence of both oncogenes. This system 
is therefore a suitable test of the oncogenic properties of p53. 

Two types of recombinant DNA constructs were used as 
templates for efficient p53 expression in transfected cells (Fig. 
1). The plasmid pMSVp53G contains the 16 kilobase (kb) EcoRI 
fragment encompassing the functional murine p53 gene'*'? jux- 
taposed to the enhancer portion of the Moloney murine sarcoma 
virus (MoMSV) long terminal repeat. This approach utilizes the 
presence of a functional promoter in the 16-kb fragment (B. 
Bienz, unpublished results). The second construct, pPyp53c, 
contains a stretch of p53.cDNA linked to the polyoma virus 
early promoter; this cDNA contains the intact coding region 
for p53” and directs the synthesis. of authentic p53 in a 
hetérologous system'® 

Secondary Fisher rat embryo fibroblasts were co-transfected 
with pMSVp53G and pEJ6.6 (ref. 19), carrying an activated . 
human c-Ha-rasi gene. As a positive control, we performed a 
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Fig. 1 p53-specific plasmids used for transfection. pMSVp53G 
contains the functional mouse p53 gene linked to the enhancer 
element of MoMSV DNA. The 16 kb EcoRI fragment was excised 
out of the recombinant phage Ch 53-7 (ref. 12) and inserted into 
the EcoRI site of plasmid pA, (ref. 32). The Hinfl-Xbal fragment 
of the MoMSV long terminal repeat, containing the enhancer 
portion®’, was converted at both ends to BamHI and introduced 
into the BamHI site of the same pA, plasmid. Hatched bar, pA10 
DNA; full bar, MoMSV DNA; open bar, p53-specific genomic 
DNA. To construct pPyp53c, the BamHI- Hph1 fragment of poly- 
oma (Py) DNA, containing the early promoter’, was converted 
to BglIl at both ends. This was inserted into pSVp53cl7 DNA", 
-ei eleaved previously with Bglfl and partially cleaved with BamHI 
© to remove the bulk of SV40 sequences. Briefly, pPyp53c consists 
of the following components (from 5' to 3’) inserted within the 
BamHI site of pBR322: first, the Py early promoter region, a 
segment of p53 cDNA extending from the Ban! site at nucleotide 
~67 (ref. 17) to the end of the insert of pp53-176 (nucleotide 1,188, 
ref, 17) and including also 25 base pairs of oligo(dG):oligo(dC); 
second, 125 base pairs of pBR322 DNA corresponding to the 
region between the Psr] site and the nearby Bgl! site**; finally, 
the Bcll- BamHI fragment of SV40 DNA, derived from plasmid 
pLSV and including the viral early polyadenylation site’. Thin 
line, pBR322 sequences; full bar, Py DNA; open bar, p53 cDNA; 
hatched bar, SV40 DNA, B, BamHI; Bg, BglII; P, PstI; R, EcoRI; 
X, Xhol. For clarity, only the PstI site originally harbouring the 
cDNA insert of clone pp53-176 (ref. 17) is indicated. Arrows, 
normal transcriptional orientation. 





co-transfection with pEJ6.6 and pLSVmyc. The latter plasmid 
“> contains the protein-coding part of the mouse myc gene, driven 
by the simian virus 40 (SV40) early promoter (see Table 1), In 
some cases, pLSVmyc was replaced by pLA8 (ref. 16), containing 
the left-end 9.1% of the adenovirus-2 genome. 

We found that although neither p53 nor Ha-ras alone induced 
the appearance of foci, their joint action could cause this effect 
(Table 1). The foci generated had a distinct morphology (Fig. 
2) and could usually be detected after 9-12 days. In these 
experiments, p53 was less efficient than myc and markedly less 
efficient than pLA8. Although pLA8 by itself is sufficient for 
transformation’, the foci induced by its co-transfection with 
pEJ6.6 grew much more rapidly than those due to pLA8 alone 
and had a very different, easily recognizable morphology (data 
not shown), 

To test that the observed co-transformation is not due to 
activation of unrelated genes by the enhancer in pMSVp53G"°”", 
the latter plasmid was substituted by an analogue lacking p53 
sequences; no foci were generated (Table 1). 

The morphology of the foci cells varied with the particular 
gene combination, although all were clearly distinct from the 
surrounding non-transformed cells. Cells transformed by p53 + 
Ha-ras (Fig. 3g) were large, refractile and more similar to the 
myc + Ha-ras transformants (Fig. 3e), whereas the foci arising 
in monolayers transfected with pLA8 + Ha-ras were composed 
mostly of smaller cells (Fig. 3c). p53+Ha-ras foci tended to 
grow more slowly then myc + Ha-ras foci and often appeared 
to stop spreading after reaching 5-7 mm diameter, whereas 
«camye + Ha-ras foci grew continuously until they merged and filled 
the dish. 

. Similar results were obtained using an alternative system, 
secondary Chinese hamster embryo fibroblasts and the cDNA 

construct pPyp53c (Table 1). Co-transfection with p53 and 
-. pEJ6.6 resulted in overgrowing foci of cells with transformed 






































Fig. 2 Giemsa-stained rat embryo fibroblast cultures transfected 
with various DNA combinations. Transfection was as describe 
in Table 1, using the following DNA: a, BALB/c carrier DN 
alone; b, pEJ6.6+ carrier; e, pMSVp53G+ carrier; d, pLA8+ 
pEJ6.6 carrier; e, pMSVp53G + pEJ6.6 + carrier. Photographs were 

taken 16 days after replating of transfected cells. 


morphology (Fig. 3h,i). However, these experiments were. 
pered because the transformed cells were prone to lysis... 
If p53 production is involved in the observed transformation, 
the protein should be made in the transformed cells. Acco: 
ingly, cells were isolated from foci, labelled with *°S-methion 
and assayed for p53. We used anti-p53 monoclonal ‘antib 
RA3-2C2 (refs 22, 23); this is specific for the murine fo 
the protein and does not cross-react with rat p53 (ref. 24), 
allowing the detection of transfection-derived murine p 
the transformed rat cells and avoiding potential difficulties: 
to the presence of endogenous rat p53. Murine p53 could 
immunoprecipitated easily from overgrowing foci cells (Fig. 
sometimes in even higher concentrations than those presen 
Meth A mouse fibrosarcoma cells, marked overproducers of p53 
(ref. 25), This suggests strongly that the actual production. of 
the protein is involved in the transformation. ne 
Unlike myc + Ha-ras or pLA8 + Ha-ras, it proved difficul 
establish cell lines from foci induced by p53+ Ha-ras, Typi 
transformed cells exhibited a limited proliferation potential an 
after repeated passaging, cultures became dominated by cell 
of a normal-nontransformed morphology, probably: derive 
from the underlying monolayer. The level of murine p53 fe 
simultaneously to below detection after two or three passag 
(data not shown). These findings support the notion that p53 
production, directed by the transfected DNA, is involved in the 
observed transformation. Almost all cells of distinct transforme 
morphology, when transferred into a new dish, attached. to it 
but did not divide. On the other hand, the few normal cells 
transferred with the focus did start dividing once replated at. 
low density. Eventually, with several low-density passages, re 
licating normal cells became predominant. These data suggest 
that, unlike myc or EIA”®?’, p53 is not capable of efficiently. 
immortalizing cells. Thus, the p53+Ha-ras transfectants, 
although transformed, still undergo a senescence crisis and stop 
multiplying. The normal underlying cells, however, are still able 
to resume replication once subcultured at a low density, hence 
they can easily overgrow the senescent transformed cells. 
Nevertheless, a very small proportion of transformed cells did 
eventually give rise to stable transformed cell lines. Thus, when 
foci were subcultured and cells maintained in the dish for 10-14 
days without further passaging, a few overgrowing foci became 
evident. The cells comprising these secondary foci, while gen- 
erally morphologically indistinguishable from those found in’ >” 
the original foci, did possessa a ently unlimited growth 
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Fig.3 Morphology of cells transformed by various plasmid com- 
binations. Pictures were taken at two magnifications to display the 
typical appearance both of the foci and of individual cells within 
them. a, REF (Table 1) transfected with carrier only; b,c, REF 
transfected with pLA8+pEJ 6.6; d,e, REF transfected with 
pLSVmyc+pEJ6.6; fg, REF transfected with pMSVp53G + 
pEJ6.6; h,i CHEF transfected with pPypS3c+pEJ6.6. Normal 
CHEF are visible in the upper left corner of i Magnification: b, 
d, f, h, x40; a, c, e, g, i, x100. 


potential and could be propagated easily to yield homogeneous 
stably-transformed cell lines. When two such lines were subjec- 
ted to more detailed analysis, both expressed high levels of 
murine p53 (data not shown). On injection into syngeneic young 
rats, both cell lines generated tumours at a high efficiency (Table 
1) which developed significantly more slowly than those induced 
by pLSVmyc + EJ6.6 transformants. In some animals, they stop- 
ped growing after reaching 6-10 mm diameter, whereas in most 
cases they grew continuously, reaching a very large size and 
eventually killing the animal. We are currently testing more lines 
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Fig. 4 Analysis of proteins produced in focus-derived rat cells. 
Foci arising in a monolayer of rat embryo fibroblasts following 
transfection with different DNA combinations were trypsinized, 
expanded into 35-mm Petri dish cultures and labelled with 40 pCi 
**S-methionine for 4h. Extracts were prepared as described pre- 
viously’. Equal amounts of trichloroacetic acid-insoluble radio- 
activity (2.8 x 10° c.p.m. per lane) were immunoprecipitated with 
either anti-mouse p53 monoclonal antibody RA3-2C2*?-** or con- 
trol serum, using standard procedures*’, followed by elec- 
trophoresis through a 12.5% SDS-polyacrylamide gel. a, b refer 
to two separate experiments, a, Autoradiography for 2 days; b, for 
7 days. Meth A are chemically transformed mouse fibroblasts which 
overproduce p53 (ref. 25); 41, 43 and 31 are derived from foci 
induced by pMSVp53G + pEJ6.6 while 21 is derived from a focus 
induced by pLA8+pEJ6.6. C, control serum, I, RA3-2C2 mono- 
clonal autibody. Numbers on the left refer to the relative molecular 
mass (x10~*) of co-electrophorezed markers. p68 is a polypeptide 
co-precipitating with mouse p53 (see ref. 18). 


to determine whether this is a general feature of p53+Ha-ras 
transformants. 

Based on the results presented here and in ref. 28, we conclude 
that p53 can act as a nuclear oncogene by collaborating with 
Ha-ras in the transformation of cultured embryonic fibroblasts. 
Unlike myc or EIA, only a small proportion of the resultant 
transformants eventually become immortalized and give rise to 
stable lines, possibly through a change involving a third gene 
product in addition to p53 and Ha-ras. The initial transformed 
cells must be highly predisposed towards this activation event, 
as it occurs much more frequently than predicted for random 
mutations. Alternatively, the few immortalized cells may be 
selected for their ability to produce increased amounts of either 
p53 or Ha-ras protein. Recent data” suggest that massive over- 
production of the Ha-ras p21 protein can circumvent the need 
for a cooperating oncogene. The rare alteration leading to 
immortalization may thus be quantitative rather than qualitative. 
Immortalization may not be a general attribute of nuclear trans- 
forming proteins. Although myc and EIA can efficiently immor- 
talize cells***’, their ability to induce overgrowing foci in combi- 
nation with Ha-ras may reflect an entirely different facet of their 
activity, the two oncogenes sharing only certain properties with 
p53. 

We thank O. Pinhasi and R. Karkash for technical assistance, 
S. Lavi, S. Etkin and M. Horowitz for suggestions, Y. Gluzman, 
M. Horowitz and H. Land for gifts of pLA8, pLSVmyc and 
pEJ6.6, respectively, and R. A. Weinberg for communication of 
results before publication. This work was supported by grants 
from the Leukaemia Research Foundation, Inc., the Fund for 
Basic Research of the Israeli Academy of Sciences and 
Humanities and the Bat-Sheva de Rothschild Fund for the 
Advancement of Science and Technology. M.O. is a Cancer 
Research Scientist supported by the Rose and George Blumen- 
thal Fellowship of the Israel Cancer Research Fund. 









Received 3 July; accepted 13 September 1984. 


1. Klein, G. (ed.) Advances in Viral Oncology Vol. 2 (Raven, New York, 1982). 
2. Crawford, L. V. Int. Rev. exp. Path, 25, 1-50 (1983). 
3. Milner, J. & Milner, S. Virology 112, 785-788 (1981). 
4, Campisi, J., Medrano, E. E., Morreo, G. & Pardee, A. B, Proc. nain. Acad. Sci. U.S.A. 79, 
436~440 (1982). 
5. Mercer, W. E., Nelson, D., De Leo, A. B., Old, L. J. & Baserga, R. Proc. nain. Acad. Sci, 
U.S.A. 79, 6309-6312 (1982). 
6. Reich, N. C. & Levine, A. J. Nature 308, 199-201 (1984). 
7. Donner, P., Greiser- Wilke, I. & Moelling, K. Nature 296, 262-266 (1982). 
8. Rotter, V., Abutbul, H. & Ben-Zeev, A. EMBO J. 2, 1041-1047 (1983). 
9. Kelly, K, Cochran, B. R., Stiles, C. D. & Leder, P. Cell 38, 603-610 (1983), 
10. Campisi, J., Gray, H. S., Pardee, A. B., Dean, M. & Sonenshein, G. E. Cell 36, 241-247 (1984). 
il. Reich, N. C., Oren, M. & Levine, A. J. Molec. cell. Biol. 3, 2143-2150 (1983). 
12. Bienz, B., Zakut-Houri, R., Givol, D. & Oren, M. EMBO J, Cin the press}. 
13. Pennica, D. et al. Virology (in the press). 
14. Land, H., Parada, L. F. & Weinberg, R. A. Nature 304, 596-602 (1983). 
15. Land, H., Parada, L. F, & Weinberg, R. A. Science 222, 771-778 (1983). 
16. Ruley, H. E. Nature 304, 602-606 (1983). 
17, Zakot-Houri, R. et al. Nature 306, 594-597 (1983). 
18. Pinhasi, O. & Oren, M. Molec, cell, Biol. (in the press). 
19. Shih, C. & Weinberg, R. A. Cell 29, 161-169 (1982). 
20, Neel, B. G., Hayward, W. S., Robinson, H. L., Fang, J. & Astrin, S. M. Cell 23, 323-334 
(1981). 
. 21, Payne, G. S., Bishop, J. M. & Varmus, H. E. Nature 29%, 200-214 (1982). 
22, Coffman, R. L. & Weissman, L L. J. exp. Med. 183, 269-279 (1981), 
23, Rotter, V, Witte, O. N., Cofiman, R, & Baltimore, D. J. Virol, 36, 547-555 (1980). 
. 24.. Rotter, V., Friedman, H., Katz, A., Zerivitz, K. & Wolf, D, J. Immun, 131, 329-333 (1983). 
S28. DeLeo, A B. et al Proc. natn, Acad, Sci, U.S:A. 76, 2420-2424 (1979). 
co 26. Weinberg, R, A. Trends biochem. Sci. 9, 131-133 (1984). 
ERGI. Houweling, A., Van den Elsen, P. & Van der Eb, A. Virology t05, 537-550 (1980). 
280 Parada, L. F., Land, H., Weinberg, R. A., Wolf, D. & Rotter, V. Nature 312, 649-65} (1984), 
29. Spandidos, D. & Wilkie, N, Nature 310, 469-475 (1984). 
$30. Pollack, R., Risser, R., Coulon, S, & Rifkin, D. Proc. natn, Acad. Sci, U.S.A. 71, 4792-4796 
(1974), 
31, Graham, F. L. & Van der Eb, A. J. Virology $2, 456-467 (1973). 
32. Levinson, B., Khoury, G., Vande Woude, G. & Grass, P. Nature 295, 568-572 (1982), 
33, Laimins, A. L., Gruss, P., Pozzatti, R, & Khoury, G. J. Virol. 49, 183-189 (1984). 
34, Tooze, J. DNA Tumor Viruses (Cold Spring Harbor Laboratory, New York, 1980). 
35. Sutcliffe, J. G. Cold Spring Harb. Symp. quant. Biol. 43, 77-90 (1979), 
36. Laub, O. er al. J, Virol 48, 271-280 (1983). 
37. Linzer, D, L H., Maltzman, W, & Levine, A, J. Virology 98, 308-318 (1979). 
38. Oren, M., Maltzman, W, & Levine, A. J, Molec. cell. Biol. 1, 101-110 (E981), 


iii inlet’ a eg eT pn) 
Cooperation between gene encoding 

p53 tumour antigen and 

ras in cellular transformation 









Luis F. Parada, Hartmut Land, Robert A. Weinberg, 
David Wolf’ & Varda Rotter’ 


Whitehead Institute for Biomedical Research, Center for Cancer 
Research and Department of Biology, Massachusetts Institute of 
: Technology, Cambridge, Massachusetts 20139, USA 
* Department of Cell Biology, Weizmann Institute, Rehovoth 76100, 
Israel 








_. The protein p53 is highly expressed in a large variety of trans- 
formed cell types originating from diverse species. These include 

‘cells transformed by Simian virus 40 (SV40), adenovirus and 

“Abelson virus, as well as a variety of chemically transformed 

~ cells'®, Substantial amounts of p53 are also present in certain 
non-transformed cells, for example, some embryonic tissues’. The 
protein may be localized in different cellular compartments in 
normal and transformed cells". The strong correlation between 
tumorigenicity and high levels of p53 suggests an important role 
of p53 in tumorigenesis. We report here experiments in which we 
have co-transfected the murine cellular gene encoding for p53 with 
a ras gene into primary rat embryo fibroblasts. Our results indicate 
that the pS3-encoding gene can play a causal role in the conversion 
of normal fibroblasts into tumorigenic cells. 

A cDNA clone of the p53 gene™'® was used to retrieve a 
homologous 16 kilobase EcoRI segment from a genomic library 
made from DNA of a murine B-cell lymphoma induced by 

Abelson virus''. This genomic clone was modified by linkage 
to the murine leukemia virus (MLV) promoter-enhancer long 
érminal repeat element. These long-terminal repeat sequences 
vere inserted to induce a high level of expression of the cloned 
p33 gene (Fig. 1). 

_ We performed transfection experiments with clones of the 
modified genes (see Fig. 1) to determine whether these clones 
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Fig. 1 Schematic diagram of p53 encoding plasmids. (Fo 
detailed description, see ref. 15.) Briefly, the 16kb mouse DNA 
fragment containing all of the p53-encoding exons was inserted 
either downstream from and in the same transcriptional orientation 
as the MuLV long terminal repeat (PL8R6), or upstream and in 
the opposite transcriptional orientation (PL8R20). The vector is 
pBR322. R, EcoRI restriction sites; H, HindIII restriction site 

P, PstI restriction sites. : 
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Fig. 2 Phase contrast photomicrograph of a focus arising in a 
dense monolayer of normal rat embryo fibroblasts after co-transfec- 
tion of PL8R20 and the EJ-ras oncogene. The DNA transfection 
was performed as described in Table 1. The photograph was taken. 

10 days after transfection. : 


would induce foci in monolayer cultures of the Rat-1 fibroblas 
cell line or in cultures of secondary rat embryo fibroblast: 
(REFs). All transfections include the pSV2neo™ plasmid DNA 
so that a portion of the cultures could be placed under GHS- 
drug selection to control for transfection efficiencies. 

The various p53 clones tested are unable to induce foci in 
any of the transfected Rat-1 cultures, even when such culture 
are surveyed weeks after transfection (Table 1). In the same 
experiments, a ras oncogene elicits foci observable in Rat-1 cells 
within eight days of transfection. We conclude that the p53 gene, 
unlike the ras oncogenes, has no apparent ability to transform’ 
readily established rodent fibroblast cells. 

Earlier work had shown that a single oncogene, such as ras 
or myc, is unable to induce foci in REF monolayer cultures. - 
However, when the two oncogenes are applied together, foci- 
are induced which contain cells that are tumorigenic in young 
rats or nude mice'*'?, The observed inability of ras or p53 clones 
to yield foci in transfected REF cultures (Table 1) is consistent 
with these earlier results. 











Table 1 Transforming of REFs and Rat-1 cells after co-transfection of the p53-encoding gene and the EJ-c-Ha-ras oncogcne 









Transfected gene REFs 
REF/ DNA 0 
pEJ6.6 0 
psvemyc-! 0 
pEJ6.6+ pSVemyc-1 200-300 
pL&R6 0 
pL8R20 0 
pL8R6+ pEJ6.6 20-30 
pL8R20+ pEJ6.6 10-20 
pL8R6+ pSVemyc-1 0 
> pL8R20+ pSVemyc-1 0 
*pL8R6 (BamHI/ HindIII + pEJ6.6) 0 


No of foci per 10° cells 


Tumorigenicity.of REFs nude mice 


RAT-1 (No. of tumours/no. of injections) 

0 0/10 
2,000-2,500 0/20 
0 0/15 
2,000-2,500 +29/29 
0 0/5 

0 ND 
2,000-2,500 16/6 
2,000-2,500 §3/3 
0 0/6 

0 ND 

ND 0/3 






























































+ Tumours detected 10-14 days after injection. 
+ Tumours detected 15-20 days after injection. 
‘$ Tumours detected 20-25 days after injection. 


‘The previously observed cooperation of ras and myc 
ncogenes Suggests an experimental test by which the oncogenic 
ction of other genes can be assayed: a DNA clone carrying 
_gene of interest is co-transfected with either a ras or a myc 
ne and the appearance of REF foci then scored. Accordingly, 
fe tested the two p53 gene clones for cooperation with ras or 
ye oncogenes in the transformation of REFs. Neither of the 
o p53 constructions induce foci when co-transfected with a 
č oncogene clone. However, when these p53 constructions 
è tested in conjunction with the human EJ/T24 Ha-ras 
cogene, they do cooperate in focus induction. These ras- p53 
jci appear with the same kinetics as ras-myc foci, but with 
0-fold lower frequency. The ras- p53 foci are quite large, con- 
taining very refractile and rounded cells which do not adhere 
fell go the culture dish (Fig. 2). 
We next attempted to demonstrate that the entire p53 chimeric 
gene, and not simply attached promoter-enhancer sequences, 
cooperate with the ras gene in transformation. The p53 clone 
R6, which is active in the co-transfection assay, was digested 
o completion with the restriction endonucleases BamHI and 
indlll. These enzymes cut the p53 domain into several frag- 
ients but leave the linked long-terminal repeat promoter- 
nhancer segment intact. Co-transfections of the digested clone 
dthe ras oncogene do not yield any foci in REFs. We conclude 
hat the sequences within the p53 gene itself are required to 
operate with ras in transforming REFs in vitro. A second type 
f promoter-enhancer, introduced at the 3’ end of the p53 gene, 
s unable to adequately activate the gene (data not shown). This 
ind other evidence (ref. 11; D.W. & V.R., unpublished observa- 
ons), suggests that appropriate transcriptional activation of 
he p53. clone is required for biological activity. 
A more stringent test for transformation than that of focus 
uction is the assay for tumorigenicity. Fourteen days after 
fection; we injected nude mice with the cells from trans- 
ected ‘cultures. Only a small proportion of cells from such 
ultures have acquired and expressed the transfected oncogenes, 
‘transfected cells have not had time to undergo extensive 
dditional alterations, such as may occur during isolation of 
Jonal lines before injection. These injected cultures include the 
foubly transfected cultures ras+ myc or ras + p53, as well as 
hose singly- transfected with either ras or myc or p53 clones 
able 1). Ten days after injection, tumours appear at all the 
ites injected with ras + myc transfectants, whereas only small 
iodules are visible at the sites carrying ras + p53 cells. After 18 
ys, however, all sites injected with ras+ p53 transfectants 
exhibit large, aggressively growing tumours. 
= Cultures carrying myc + p53 co-transfected cells develop no 
foci and yield no tumours upon injection. Thus it appears that 
p53 is able to function analogously to myc by cooperating with 


The preparation of primary cultures of Fisher REFs the transfection procedures and plasmids pEJ6.6 and pSVc-mycl are described elsewhere'*, > 
).S pgof PSV2neo*? DNA per 2 x 10° cells was included in all transfections. Subcutaneous injections to test for tumorigenicity made into 30-40-day-old 
nude mice irradiated (500 rad) 24 h before. All injected mice were observed for five weeks. ND, not determined. 

-TY PLERG digested to completion with restriction endonucleases BamHI and Hindili to inactivate the p53 gene but not the MLV-LTR 
promoter-enhancer. At 6 weeks, one of these mice exhibited a small tumour. The nature of this tumour is under study. 


ras oncogenes to induce tumorigenic conversion of rat embryo 
fibroblasts. The correlation was absolute between the ability of 
co-transfected cloned DNAs to induce foci in REF monolayers 
and the ability of these DNAs to yield tumorigenic cultures. 

The delayed appearance of ras + p53 tumours may be due to 
the smaller initial number of transformed cells present in the 
inocula. Ras + myc transfected dishes contain on average 50 
foci. Consequently, each inoculum of 10° cells contains about 
2.5 x 10° transformed cells. Ras+p53 dishes contain approxi- 
mately five foci and only about 2,500 transformed cells present 
among the normal rat embryo fibroblasts. Although delayed in 
appearance, the tumours stemming from these ras + p53 trans- 
fectants rapidly reach the size of ras+ myc tumours. All 
tumorigenic lines resulting from ras+p53 co-transfection 
carried intact, acquired p53 DNA segments (data not shown). 

The existence of a p53~specific monoclonal antibody, RA3- 
2C2'*"5 | facilitates the protein analysis of the p53 transfectants. 
This antibody is specifically reactive only with mouse p53"*. The 
p53 DNA clones used here were isolated from DNA of the 
Abelson virus-transformed, mouse lymphoid line 230-23-8 (ref. 
11). This antibody allows the specific detection of p53 expressed 
by introduced DNA clones because it has no cross-reactivity 
with the endogenous, homologous p53 protein of the rat host 
cell. All transfectants demonstrate the presence of a mouse p53 
band, although at differing levels (Fig. 3). This suggests that the 
continued presence of p53 is required to maintain the trans- 
formed phenotype. 

The results presented here and in the accompanying paper’. 
of Eliyahu et al.'®, demonstrate that a modified p53 gene can 
function as an active oncogene that contributes to tumorigenic 
conversion. We conclude that expression of p53 can be more ° 
than a consequence of the cancer state. Instead, it appears that — 
an active p53 gene can play a causal role in tumorigenicity and 
can be classified as an oncogene. The p53 oncogenic functions . 
are analogous to cellular myc and myb oncogenes. (H.L. et al., 
manuscript in preparation). Although weaker than myc in its 
ability to cooperate with ras, we predict that the two genes, p53 
and myc, will be shown eventually to express many similar- 
functions. 

In addition to the functional analogies between p53 and myc, 
some biochemical similarities are apparent. Both genes encode 
nuclear proteins'’-'*, In nontransformed cells, these proteins 
are metabolically highly unstable, with half lives of less than 
60 min (refs 20, 21; R. Eisenmann, personal communication). 
Both the proteins are phosphorylated**’™ and their expression 
is linked strongly to the growth state of the cell. In both cases, 
large increases in expression can be observed following serum 
stimulation of quiescent cefls**°*. This increase of p53. 
expression seems to be required for induction of DNA replicas ` 
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Fig. 3 Analysis of p53 protein cell lines and tumours derived 
from. rat embryo fibroblasts co-transfected with the p53 gene and 
the EJ-ras oncogene. Celis in 60 mm dishes were labelled for 2h 
with 100 pCi [*°S]-methionine in dialysed calf serum and methion- 
ine-free Dulbecco's Modified Eagles medium. Lysates were pre- 
pared as described previously’ and incubated for | h at 4 °C either 
with normal rat serum (Janes 1, 3, 5, 7, 9, 11) or with monoclonal 
antibody RA3-2C2"°?! (lanes 2, 4, 6, 8, 10, 12). Protein A Sepharose 
was added and the lysates incubated at 4°C in a rocking bath for 
Ih. Pellets were washed 5 times with RIPA buffer, boiled for 3 min 
and loaded onto a 10% Laemmli gel*”, run at 150 V for 5 h. Lanes 
1, 2, secondary rat embryo fibroblasts which have not been trans- 
fected; lanes 3, 4, R7EJ, a transformed rat embryo fibroblast cell 
line derived from co-transfection of the EJ-ras oncogene and 
PL8R7 (vector not described here), a p53 gene with an SV40 
promoter; lanes 5, 6, 13T, a cell line prepared from an explanted 
nude mouse tumour created by injection of the cell line R7EJ: 
lanes 7, 8, 9T, a cell line prepared from an explanted nude mouse 
tumour created by injection of the R6EJP cell line; lanes 9, 10, 
R6EJP, a transformed cell line derived from co-transfection of 
PL8R6 and the EJ-ras oncogene; lanes 11, 12, R6EJII, an indepen- 
dently isolated transformed rat embryo fibroblast cell line derived 
from transfection of PL8R6 and the EJ-ras oncogene. 











«tion. Microinjection experiments have shown that monoclonal 
antibodies to p53 can inhibit serum-induced DNA synthesis in 
> 3T3.cells?”*, 

> $V40and adenovirus both encode proteins that bind to p53*?, 
In the case of the SV40 protein, this ability to bind to p53 
¿appears to increase its half life to 24 h™?!. From the results 
“presented here, it seems plausible that part of the physiological 
effects of the SV40 large T antigen, including its ability to 
immortalize cells, may depend on its ability to stabilize p53 and 
hus increase its effective concentration. We surmize that deregu- 
lation of p53 expression can be achieved at the transcriptional 
level as well. By linking the p53 gene to strong promoter- 
enhancers, we have created a functional state which is analogous 
to linking of the normal myc gene. to integrated retrovirus 
genomes*’, or immunoglobulin genes*’. It remains to be deter- 
mined whether this transcriptional deregulation is sufficient to 
create oncogenic activation, or whether additional, undiscovered 
lesions in the protein~encoding portion of the gene must be 
present also for an active oncogene to arise. 
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Malignant transformation of primary cells requires at least two 
distinct and characteristic alterations in cellular behaviour, 
first, cellular immortality'?, can be induced by chemical car- 
cinogens? or by cloned oncogenes such as polyoma large T (ref. 
4), adenovirus early region 1A (E1A) or the oncogene from avian 
(MC29) myelocytomatosis virus, v-myc. Cells whose in vitro lift 
span has been extended by these procedures can be fully. trans- 
formed by transfection with oncogenes belonging to a- differe 
complementation group, including genes of the . ras famil 
adenovirus Elb and polyoma virus middle T (refs 4, 5): The uns 
cellular phosphoprotein p53 is frequently present at elevated lev 
in transformed cells*'' and is stabilized by the formation of 
complexes with simian virus 40 (SV40) large T or adenovirus El 
57K protein'™™-™. Although several reports have associated p53 
with cell proliferation”, its role remains obscure. We h 
cloned complementary DNA sequences encoding murine p53" a1 
report here that transfection of p53 expression constructs into 
cells of finite lifespan in vitro results in cellular immortality. and 
susceptibility to transformation by a ras oncogene. 
Adult rat chondrocytes obtained from the dinhfererau y 
undergo ~30 doublings in vitro before senescence, with charac- 
teristic changes in morphology and cessation of growth. Wistar 
adult xiphisternum chondrocytes (WAXI) at passage 5 grow 
slowly, with a doubling time of >60 h. Because spontaneous 
immortal colonies appear very rarely in such cultures, we have 
used them in an immortalization assay rather than rat embryo 
fibroblasts, which we have found to show an irregular and 
unpredictable pattern of senescence coupled with an unaccep- 
tably high incidence of spontaneous immortalization. Furthe 
more, such cultures transfected with the p53 expression vectors 
provided a low incidence of immortalization (<2 foci per HE 
DNA per 10° cells). : 
We used three p53 expression vectors, the construction and 
properties of which will be described elsewhere. The standard 
calcium phosphate co-precipitation method’? was used to intr 
duce constructs into WAX] cells. In the first round of expe 











Fig..1 Adult rat chondrocytes (WAXI). a, Calcium phosphate treated; b, after transfection with p4JJ Kan; c, after transfection with p4JJ Kan T. 
Methods: WAXI cells were derived from the xiphisternum of adult Wistar rats. Fragments of xiphisternum were disaggregated with collagenase 
and the resulting cell suspension cultured in DMEM containing 10% FCS. When confluent, these cells were passaged using 0.1% trypsin, 
“and low passage stocks were stored in liquid nitrogen. WAXI cells at passage 5 were established in dishes at 2 x 10° per dish in DMEM plus 
<10% FCS. The following day the cells were subjected to transfection using the standard calcium phosphate method'®, with overnight incubation. 
Control cultures were treated with calcium phosphate only. Subsequently the cultures were fed thrice weekly and after 7 days were subcultured 
using a 1:5 split ratio into fresh dishes. Following this passage, untreated cultures regularly senesced. After 21 days culture (during which 
time cultures transfected with an active p53 expression vector (p4JJKan) had grown rapidly), all the cells were fed with medium containing 
G418 at 400 wg mi7!. After 21 days G418 treatment, all control untransfected cultures were dead. 










Fig. 2 Schematic diagram of expression con- Bam HI Bgl 1 Xho I BamHI 
ructs containing murine p53 sequences. i T UTR ] 
p4J3Kan contains the sequences from pSV2neo paJdKan - = e 
(ref, 20) which confer G418 resistance on mam- 
malian cells. Transcription of this gene in ae ies ae any a 
eukaryotic cells is directed by the SV40 early 
promoter. Transcription of pP53-5-derived pAtiKan AGG A Ree ot 


_faurine p53 cDNA sequences" is directed by 
the Rous Sarcoma Virus long terminal repeat Ser Leu Asp Arg Ala Pro 


| (RSV LTR)?! ?, Splicing and polyadenylation padsKan Tt AGC CTC GAT CGA, GCT ccc 
signals for this transcript are provided by a Kiana 
second copy of the appropriate sequences from 
~ pSV2neo. p4JJ Kan directs the efficient synthesis 
of murine p53 protein in transient expression BamHI Bg I T 
“assays using monkey cos —1 cells and mouse { { z 
specific anti-p53 monoclonal antibodies (data pP53pG A NS a E peek 


not shown). p4JJKan-T is essentially the same 

< as p4JJKan, but the unique Xhol site in the p53 coding sequence has been cut, filled in with T4 polymerase and re-ligated. This generated a 
frameshift. mutation. p4JJKan-T is unable to direct the synthesis of full-length murine p53 protein. This was confirmed in transient expression 
assays as above, p4JJKan and p4JJKan-T confer kanamycin resistance on their Escherichia coli hosts. Transcription of the p53 sequences in 
_ pP538G is directed by the RSV LTR and splicing signals for this transcript are provided by a Ball- BamHI fragment of the mouse B-major 
globin genomic gene, which contains the second intron”. A polyadenylation signal is provided by the 166 base pair Hpal- BamHI fragment 










































ments, the constructs were transfected and the cultures were left 
‘or 7 days before passaging. They were then split 1:5 and 
passaged when necessary. On day 21 after transfection, the 
ultures were treated with the antibiotic G418. By this time, 
ontrol WAXI cells had undergone senescence and were not 
oliferating. Cells transfected with the active p53 expression 
ector p4JJKan continued to proliferate and colonies grew up 
in 400 pgml~' G418 (see Fig. 1). Cells transfected with 
JJ Kan-T, which cannot direct the synthesis of full-length p53, 
provided occasional abortive colonies of senescing cells follow- 
ng G418 selection. Thus, p4JJKan-T conferred G418 resistance 
‘on the WAXI cells but failed to extend their lifespan. Immor- 
talization of WAXI cultures by p4JJKan was reproducibly 
_ demonstrated in three separate experiments, and was associated 
with G418 resistance. We also transfected WAX] cells with the 


p4JJKan vector and carried out the selection with G418 30h 
later, By day 18 after the onset of G418 selection, colonies of 
proliferating cells were visible in p4JJKan-transfected dishes 
whereas p4JJKan-T-transfected dishes showed only occasional 
non-dividing cells (Table 1). We also co-transfected WAXI cells 
with pP538G (Fig. 2) and pSV2neo, followed by G418 selection 
after 30h. The results (Table 1) show that plasmid pP538G, 
which uses mouse -globin splice signals, also gives rise to 
colonies of proliferating cells by day 18, but pSV2neo does not. 
Lines of WAXI cells immortalized by p4JJKan and resistant to 
G418 have been maintained in vitro for over 200 doublings. 
They show no morphological evidence of senescence and con- 
tinue to double every 18-20h. Such cell lines are non- 
tumorigenic when injected into syngeneic or nude rats (5 x 10° 
cells per site). 
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: Table 1 Phenotypes of rat chondrocytes after transfection with p53 
expression vectors and/or T24 Ha-ras! 








G418-resistant colonies 


Plasmid No. treated per dish 
Expt a 
None (calcium phosphate) 0/6 0, 0, 0 
p4JiKan 4/4 16, 18, 14 
p4iJKan-T 0/2 0, 0, 0 
pSV2neo 0/4 0, 0, 0* 










Pe Foci per pg DNA per 10° cells 
Expt b 

p4JJKan 10, 9 

pP538G + psV-2-neo 15, 16 

pSV-2-neo 0,0 


Anchorage- 
independent Doubling time 
growth (% in medium 
colony plus FCS at: 
formation) 10% 1% 
None (calcium <0.01 >60h >60h 
` phosphate) 
'p4JJKan <0-01 18h >60h 
p4JJKan, then 27, 32, 35 16h 16h 
pT24-Ha-ras1 
pT24-Ha-ras1 <0.01 ND ND 





Expt a, Rescue of WAXI cells from senescence by transfection with 
p53 expression vectors. G418 selection was carried out 21 days after 
transfection. 60-mm dishes were seeded with 5 x 10* cells and cultured 
win Dulbecco's Modified Eagle's Medium (DMEM) plus 10% fetal 
bovine serum (FCS). G418 (Geneticin) was used at 400 pg ml”. Pro- 
gressively growing colonies, resistant to G418, were seen only in dishes 
WAXI cells previously transfected with the p4JJKan construct. Cells 
these. ‘colonies have continued to proliferate (> 200 
ni lings) without showing. morphological or proliferative evidence of 
n scence. Expt b, Immortalization of WAXI cells by p53 expression 
“vectors detected as resistant foci after treatment with G418 30h post- 
transfection. Subconfluent 9-cm dishes of WAXI cells were transfected 
with plasmid DNA at 10 wg per dish and 30h later were transferred to 
medium containing 400 ug mi~’ G418. Foci of rapidly proliferating cells 
“were counted after 14 days. In dishes treated with the pSV-2-neo clone 
-only, no foci were seen, and only occasional isolated senescent cells. 
Expt c Anchorage and serum dependence of WAXI cells after transfec- 
tion. with p53 vectors and/or T24 Ha-ras!. The cell lines were assayed 
‘for anchorage-independent growth by suspension in 1.2% methylcel- 
lulose (Dow A4M) in DMEM plus 10% FCS cultured in 60-mm dishes 
ver a base layer comprising 0.6% agarose in complete medium. The 
number of colonies present at 14 days was counted and expressed as a 
“percentage of the total number of cells plated. ND, not determined. 
* Occasional dishes show abortive colonies of senescent cells (see 
Fig. 1). 


















< WAXI cells transfected with p4JJKan showed no evidence 
“of crisis. Clones. resistant to G418 were carried through 12 
passages at a 1:10 split ratio and were examined for cloning 
efficiency in monolayer cultures. These cells had a high plating 
efficiency (65-70%) and furthermore, all individual colonies 
were morphologically identical. There was no evidence for the 
generation of senescent or terminally differentiated cells at any 
time after the initial outgrowth following transfection. Cloned 
immortalized WAXI cells maintained in complete medium 
showed a reproducible, doubling time of 18h. Our vector 
p4JJKan has also been examined for immortalizing activity in 
Syrian hamster dermal fibroblasts (R. Newbold, personal com- 
munication) with negative results. Interestingly, Newbold is also 
unable to induce immortalization of these cells with myc clones. 
WAXI cells and the lines immortalized by the p53 constructs 
re transfected with cloned activated c-Ha-ras using pT24-Ha- 
-1, which contains a 6.6-kilobase BamHI fragment of c-Ha- 
ras from the bladder cancer cell line T24, and were scored for 
transformed foci‘at day 21. Characteristic ras foci were seen 











p4JjKan immortalized WAXI cells (Fig. 3); mortal 





Fig. 3 Transforming activity of T24 Ha-ras! on WAXI cells. 
before and after immortalization by the p53 expression vector 
p4JJKan. a, WAXI cells; b, WAXI cells immortalized by p4JJ Kan: 
c, WAXI cells transfected with T24 Ha-ras1; d, p4JJ Kan-immortal- 
ized WAX] cells transfected with T24 Ha-ras1. 
Methods: Monolayers of WAXI cells at Passage 5, and p4JJKan. 
immortalized WAXI cells, established in Petri dishes at 2 10° 
cells per dish. The following day they were transfected with cloned 
T24 Ha-rasl, using the calcium phosphate method. 1 pg per 10° 
cells was used in each dish. After 21 days culture, characteristic 
ras-transformed foci were detected in the p4JJKan-immortalized. | 
WAXI cells only. Mortal WAXI cells showed no evidence of ras 
focus formation at any dose of T24 Ha-ras! added (from 0.01 to 
10 wg per dish). eet 
WAXI cells were unaffected by the ras DNA. ras-transforme 
p53-immortalized WAXI cells were cloned and examined fu 
ther. These cells show high anchorage-independent growth and 
rapid growth in low serum (Table 1). Furthermore, they induce | 
tumours in nude rats. Immortal but untransformed WAXI cell: 
are anchorage dependent and only grow in medium containin 
relatively high serum concentrations. Therefore, the majo 
detectable phenotypic effect of the p53 expression constru 
p4JJKan is extension of cellular lifespan and it has no detectable 
effect on other phenotypes known to be associated with transfor. 
mation. The observation that elevated levels of p53 are widel 
associated with malignant transformation induced by a varie 
of stimuli raises the possibility that this protein has a funda 
mental role in multi-stage carcinogenesis. 
We thank Phil Mason for providing a mouse B-globin clone. 
Cori Gorman for a plasmid containing the RSV LTR, Chris 
topher Dean for supplies of WAXI cells and Jean Marr for 
typing this manuscript. : 
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trial cardiocytes contain granules typical of protein-secreting 
ells', and atrial extracts are known to contain a powerful 
atriuretic and diuretic activity? and to possess smooth muscle 
laxant activity’. A variety of active atrial peptides have been 
isolated, including a family of related peptides showing natriuretic, 
iuretic and smooth muscle relaxant activities in rat’ and human 
tria’®; these peptides were named atrial natriuretic factor (ANF). 
other unrelated peptide from pig atria'', cardiodilatin, is 
ight to possess only smooth muscle relaxant activity, Its partial 
ino acid sequence shows no homology with ANF sequences. The 
uence analysis of a large form (106 amino acids) of ANF’? and 
NF complementary DNA clones'*"* indicates that cardiodi- 
itin and ANF peptides are synthesized from a common precursor. 
is precursor also contains a signal peptide sequence expected 
a secretory protein'’. We now describe the complete structure 
ind sequence of the human gene for this novel hormone precursor 
that we call pronatriodilatin’. 
A. rat pronatriodilatin CDNA clone’? was used as probe to 
isolate the human pronatriodilatin (hPND) gene from a human 
genomic DNA library'®. A recombinant phage (AhPND13) con- 
taining approximately 14 kilobases (kb) of human DNA was 
isolated. Restriction endonuclease cleavage sites were mapped 
in the human DNA by double digestions and fragments contain- 
ng exon sequences were identified by hybridization with the 
rat pronatriodilatin cDNA probe. As the rat cDNA clone might 
je less homologous to human sequences in the untranslated 
regions, we localized exons containing these sequences with 
radioactive cDNA probes complementary to human poly(A)* 
al RNA. A first probe made by priming cDNA synthesis 
ith oligo-d(T),..., was used to map the exon containing 3'- 
nslated sequences. Hybridization of hPND gene restriction 
fragments with this probe also suggested the presence of a 
transcribed and possibly repeated sequence element in the large 
tron of the gene flanking the Aval site. This was confirmed 
by hybridization of the same restriction fragments with nick- 
‘anslated total human DNA. DNA sequence determination (see 
elow) indicates that this region contains repeated sequences 
e Alu family’. The first exon of the gene was localized 
using a second: human cDNA probe made by priming with a 
mthetic eicosamer complementary to the previously deter- 
ed sequence encoding amino acids 31-37 of the precursor. 
The complete structural organization of the hPND gene is 
jown in Fig. 1. The 2.6-kb BamHI- EcoRI fragment (Fig. 1b) 
contained all the hybridizing sequences and was subcloned in 
BR327 for further characterization. DNA sequencing was per- 
formed by the chemical” and chain termination”! methods. For 
the latter, single-stranded templates were obtained by subcloning 
in Mi3mp8 and mp9 (ref. 22) (Fig. 1d). The hPND gene 
_ sequence, including about 500 base pairs (bp) upstream of the 
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Fig. 1 a, Structure of human pronatiodilatin (hPND) gene. A 
map of restriction enzyme cleavage sites was obtained by double 
digestion of a bacteriophage A Charon 4A recombinant containing 
~14kb of human DNA. Exon sequences (bars) were localized on 
this map by hybridization with various rat and human probes as 
outlined in the text. The following symbols are used for the restric- 
tion enzyme cleavage sites: EcoRI(|), Hindit), Xbalt?), 
BamHI((/,), Pstl(@), Aval(@), Kpn i, Xholi(¥), Poull(¢) 
and Neol( 4). b, Detailed restriction map of the 2.6-kb BamHI- 
EcoRI fragment containing all the sequences hybridizing with 
pronatriodilatin cDNA probes. A subclone containing this frag- 
ment in pBR327 was used for sequencing. c, Schematic diagram 
of hPND mRNA showing regions present in each of the three 
exons. The translated portion of the mRNA is shown as an open 
box which includes the putative signal peptide sequence (SIG), 
the sequence homologous to pig cardiodilatin (CD) and the ANF 
sequence. The ANF sequence is preceded by a broken vertical line 
to indicate the putative nature of this processing site because many 
ANF peptides with variable-length amino termini have been 
described*””. d, Strategy used for DNA sequence determination of 
hPND gene. Arrows below the diagram of the 2.6-kb BamHI- 
EcoRI fragment indicate the length and direction of sequences 
obtained by the chain termination?! (solid arrows) or chemical”° 
(broken arrows) methods. Single-stranded templates were obtained 
by subcloning in M13mp8 and mp9 (ref. 22) fragments of the 2.6 kb 
BamHI- EcoRI produced with Aval, Aval+ Neol, Poull, Pst] or 
Xholl. Fragments were labelled at their 3’ ends by filling-in?® with 
the Klenow fragment of Escherichia coli DNA polymerase I for 
chemical sequence determination. The sites used for labelling were: 
Aval, Avall, BamHI, EcoRI, Fokl, Hinfl, Ncol, Saul. 

Methods: A human genomic DNA library?” (kindly provided by 
Dr Tom Maniatis) was screened by filter hybridization®® with a 
nick-translated*’ rat pronatriodilatin CDNA probe’. Hybridiz- 
ations were performed at 55°C in 20% formamide, 6 x SSC (20 x 
SSC is 3 M NaCl, 0.3 M sodium citrate}, 0.05 M sodium phosphate 
buffer pH6.8, Sx Denhart’s solution™, 50g ml"! sonicated 
denatured salmon sperm DNA. After hybridization overnight, the 
filters were washed at 50°C in 1xSSC and 0.1% SDS. Exon 
sequences were localized in the recombinant AhPNDI3 by 
hybridization with the rat cDNA ‘probe in the same conditions as 
above, The localization of 5' and 3'-untranslated sequences was 
ascertained with homologous human cDNA probes. These probes 
were synthesized in reactions containing 80-200 pg mi“! human 
atrial poly(A)” RNA, 400 ug ml”! oligo-d(T),2.;5 or 6-7 agama 
synthetic 20-mer (5'-AGGTCTGCGTTGGACACGGC-3) as 
primers, 200 U mi~! avian myeloblastosis virus reverse transcrip- 
tase and buffer (50 mM Tris-HCl pH 8.3, 60 mM KCI &mM MgCl, 

SmM dithiothreitol). 


transcription initiation site, is shown in Fig. 3 along with the 
translation product. 

From a comparison of human’ and rat!*-*5 cDNA sequences, 
we conclude that the hPND gene is constituted of three exons.: 
The first exon contains S“untranslated sequences, the initiator” 






























5 sequences for a 25-amino acid signal peptide and 
he first 16° amino acids of cardiodilatin; the second exon 
(327 bp) contains the remaining coding information up to the 
penultimate ANF amino acid; and the third exon (302 bp) 
contains the last codon for ANF, a stop codon and 3’-untrans- 
lated sequences. Altogether, the gene spans ~2 kb, including 
‘intron A (122 bp) and intron B (~1,050 bp). 

The overall structural organization of the hPND gene is typical 
of a protein-coding eukaryotic gene. The intron sequences bor- 
dering, the intron-exon junctions are homologous to the con- 
ensus” found at these junctions in other eukaryotic genes. 
Initiation of transcription often’? occurs at an A residue about 
30 nucleotides downstream from the ‘TATA’ box” sequence. 
The site of initiation of PND gene transcription was determined 
by primer extension with the same synthetic oligomer used to 
ocate the first exon. As shown in Fig. 2, the end of the major 
‘primer extension product corresponds to a G residue 24 bp 
“downstream of the TATAAA sequence boxed in Fig. 3. Two 
“minor bands would correspond to transcripts one nucleotide 
shorter and one nucleotide longer than the major species. Thus, 

_ the initiation of hPND transcription seems to be heterogeneous, 
‘the G residue being the major site of initiation. Another 
quence” (GGSCAAT) usually found 70-80 nucleotides 
‘upstream of the cap site'is not readily identifiable in the hPND 
“gene. The large intron seems to contain two complete 300-bp 
“repeated sequences that are 87% homologous to a consensus 
Alu family sequence’’. The repeated sequences are in a head-to- 
tail configuration. 

A notable difference between human and rat pronatriodilatin 
cDNA sequences is produced by a single nucleotide change that 
converts an arginine codon into a stop codon. As described for 
a hPND cDNA", our genomic sequence does not encode the 
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Fig. 3 DNA sequence of human pronatriodi- 
latin gene. The sequence was determined from 
the BamHI site lying about 500 bp upstream from 
«the site of initiation of transcription to about 40 
nucleotides before the EcoRI site (Fig. 1). The 
exon-intron junctions: and reading frames for 
translation were assigned by comparison with the 
human hPND cDNA sequence of Oikawa et ai,'® 


ones PEPTIDE 


are identical to the cDNA sequence’®. Intron 
sequences are shown in lower case. Amino acids 
are numbered positively for the pronatriodilatin 


precursor and negatively for the putative signal INE 





“sequences are boxed. The sites of initiation of 
< transcription (CAP). and polyadenylation (poly 
(A)) are indicated by vertical arrows. The two T ams 
to C changes in the 3‘ end of the variant cDNA 
clone described in the text are shown below the 
main sequence. The position, orientation and 
extent of sequence determination of Alu repeated 
sequences are indicated by bold horizontal 
arrows. DNA sequences were compiled and ana- 
lysed with computer programs adapted from 
Staden”? or developed at the. Institut de recher- 
ches cliniques de Montréal by M. Mikhail for a 
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LETTERS TONATURE 


GGATOCATE LG TC TE GRGE FOC IRGC TITETRCCATTICC TEC IC EC CACEE V EAT ETCGAGEEEE TEACASE TEAGE: 
Bam HI 


AGESGAGCTGOGCACCACCCAAGCGYCATCETCIGITICCEGCACGEGTACCABCOTECAGCAGAAAGAATCEICAGECACCOCEGTCAGATAACCAADEACICETYEFTACTCYT te 
CACLICTCAAG FCECACCCICTTGAQICARATCAGTAARAATCCCGCICFTGCACCICAGORTCIGCGCCGCIGTTCRCCCYIGEECAARGCAGACAGEGGC TETCACAAGLECTKCO 


SGAYARE VI VARAMGGCCEACTCE IGE TGELTICICALTIQOCAGL I TTATCACGECARG TEACAGATCCCGAGEETICTSICICTCE HOCK IGETIECAGAGE TeGGEREETA AANA 
CAP 


Mi SEA SÉR PNE SER YIM THR INA VAL SER PHE LKU LEV LEU LEU ALA PHE GLM LEO LEW RLY GLE THA ARG ALA ASM PRO MET TYR ASH 
ATH AGE TEE TIC TCC ACC ACC ACC ETG AGC TIC CTC CIT TTA CTG GCA TIC CAG CTC CTA GGT CAR ACC AGA COT AAT ECC AYG VAG AAT 


a 
ALA VAL SER ASH ALA ASP LEU NET ASP PWE LYS 
GCE GIG TCE AAC GOA KAC CIG ATG CAT TTC AAG Hapenccagaenasc esas geagtetsogeccosungse tetetgatactatgctcettectercgatt zee 


Caagtcapt gaggticatccntteccctgtarticectcccetanag AAT FTG CTG GAC CAT TYG GAA GAA AAG ATG CCT TYR GAA GAT GAG GTC GIG: CEC 


13, ` 
and our partial sequence ; the exon sequences PRO CAN VAL LEW SEA ae PAD ASH GLU GLU ALA GLY ALA MA LEU SEN PRO LEU PRO GLU VAL PRO PRO TAP THA GLY GEU WAL SER PRO 


CCA CAA GYG CYC AGY CAG COG AAT GAR GAR GCG GGG GET OCT CTL AGE CCC CIC ECT GAG GTG COT CCE FGG ACC GEG CAA ETC ABE. gi 


? bid i 
ALA GLR ARG ASP GLY GLY ALA LEU GLY ARG GLY PRO TRP ASP SER SER ASP ARG SER ALA LEG LEU EVS SER LYS LEU ARG ALA LEU LEU 
BEC CAG AGA GAT GGA GET CCE CIC OGG COG COC CCE TEG GAC TCC TCT GAT CGA ICT GCE CTE CTA AAR AGC AAG CIG AGG GEG CTE CTE 


peptide sequence. The ‘TATA’ box and AATAAA tee 


TH ALA PRO ARG SER LEI ARG ARG SER SER CYS PRE GLY GLY ARG MEY ASP ANG. ILE GLY ALA GAR SEA GAY LEU GLY CYS ASH SER PI 
ACT GEC CCT CGG AGC CTC COG AGA FEC ACC TGC TEC CCG GAC AGG ATG GAC AGG ATT GGA GCE CAG AGC GGA CTG COC TGT AAC AGC Y: 


PYLECCRE AL get gt aggar at grr ate t att glect eget sgt CL ACK gagameat QC adsessassoggaegegnge! HERCAGggTgactcocecclgteatcecageac! 
GPONGRCC HORNC ANRC GAT Cat QUAI CaRpsgelc aagactalcel GREECE gat gaueccccagetetactasssat opassants eget geet stage sgceggcacctgte 
EN 
CLEC C MBC E ACEC OPPOPEEEGAGPCAGGAFAPICATI tgsarce MERA REC RESET! TGC AOS gagCagagelcacgccact gcagtcc ogc’ Agel gat agngcgegactgtctcas 


Aly REPEATED SEQUENCE 


FRO OOb es eee ROGET CORTE EEL AGC TCACGELL GE MACK CUQCACEE CO NGEGECKOOGEC EEG CERT Cac Gaggtc OGgUgel sgageccatcetegctaacacggtgeent 
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TRANSCRIPTION START SITES 








Fig. 2 Localization of hPND gene transcription initiation site. 

The oligonucleotide and method described in Fig. | legend were: 
used to produce primer-extension products that. extend tothe 5" 
end of human atrial pronatriodilatin mRNA. The 20-mer was also 
used as primer for DNA sequencing on an M13 template containi 
the first exon of the hPND gene and upstream sequences, The 
sequencing ladder is used to determine the first nucleotide tran. 
scribed in the hPND mRNA. The sequence around the site Ol 
initiation appears below the sequencing gel. The sequence is label- 
led positively from the major sites of initiation of transcri tio! 
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AGATAACAGECAGCCAGEATAAÇLACSUCTOGECCTAGGLACAGAL TOCRATACETTCETGICCCETGEGGTCICTCCTGCATTYGIGTCATCTTGTTECCATGEAGTIÇTCATCATCEC. 
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Fig. 4 Allelic variation in two RPND cDNA clones. The two 
SB PND cDNAs were inserted in the PstI site of PBR322 using 

dG: dC homopolymer tailing. Both cDNAs are about 350 bp, start 
within ANF-coding sequences and extend to the 3’ end of hPND 
‘MRNA. In both cases, 200 bp were sequenced from the 5'-end to 
the PstI site (underlined in Fig. 3) in the 3/ non-coding region; 
only two nucleotide differences were found between the two cDNA 
“Sequences. One cDNA is identical to the genomic sequence ( Fig. 
3) and to the published hPND cDNA sequence'®. One nucleotide 
difference in the stop codon of the variant cDNA makes it similar 
to the rat cDNA sequence’? and introduces a new Kpn] site in the 
DNA as confirmed by the restriction enzymes digestions shown 
ere. The two cDNA clones were characterized by electrophoresis 
970.8% agarose gel: lanes 1-3, variant cDNA; lanes 4-7, wild-type 
cDNA. Lanes 1, 4, supercoiled plasmids: lanes 2, 5, digestion with 
“Neol which cuts both cDNA inserts twice; lanes 3, 6, digestion 
with KpnI; lane 8, same as lane 7 but including another plasmid 
linearized by KpnI as internal control. This control plasmid is 
“shown linearized by KpnI in lane 8 and in supercoiled form in 
lane 9. 


WO arginine residues after the ANF sequence. In addition to 

D cDNA clones that are identical to the cloned genomic 
quence, we have isolated a short cDNA clone (~350 bp) that, 
ike the rat cDNA clones, encodes two arginine residues after 
he ANF sequence’*. This cDNA clone differs at only two 
ositions (within the 200 bp sequenced) from the other human 
equences. The first nucleotide difference changes the stop codon 
nto an arginine triplet and creates a new KpnI restriction site 
in the cDNA clone (Fig. 4). The other nucleotide change is in 
he 3'-untranslated region; the two nucleotides that differ from 
the genomic sequence are shown on the complete sequence (Fig. 
3). As Southern blot experiments (ref. 16 and our work, not 
shown) suggest the presence of only one hPND gene, these two 
lones are likely to represent different alleles of the hPND gene. 
We thank Dr Jacques Genest for his support and the surgical 
eam of the Institut de cardiologie de Montréal for the human 
trial biopsy material used in cDNA cloning. We also thank 
éline Forget for oligonucleotide synthesis, Mamdouh Mikhail 
r his help with the sequence analysis programs and Diane 
Lapointe for typing the manuscript. J.D. is supported by grants 
from the MRC and the National Cancer Institute of Canada. 
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The mammalian atrium is an endocrine organ that may be involved 
in the control of blood pressure and extracellular fluid volume. A 
series of peptides'*, which seem to be associated with atrium- 
specific secretory granules, have potent natriuretic, diuretic and 
smooth muscle relaxant activities. Sequence determination of 
several of these peptides, which range from 21 to 126 amino acids 
long, shows that they form a family, derived from a common 
precursor®”'”, Rat and human complementary DNAs that encode 
the precursor to the various peptides, collectively called atrial 
natriuretic factors (ANFs), have been cloned'*'’, Nucleotide 
sequencing showed that the ANFs are located at the C-terminus 
of a polypeptide of relative molecular mass 13,000. We describe 
here the isolation and characterization of the corresponding human 
gene. Two introns interrupt the gene; one is located in the region 
coding for the N-terminus of the precursor and the other separates 
the codon for the C-terminal tyrosine fram the rest of the peptide. 
Using a rat ANF cDNA" as probe, we isolated a phage 
containing a 16.6-kilobase (kb) human genomic fragment. We 
have subcloned its complete hybridizing region, present on a 
2.6-kb EcoRI- BamHI fragment, and determined its nucleotide. - 
sequence (Fig. 1). The first exon contains the 5’-untranslated ` 
region, the signal peptide and the 16 amino acids following the 
signal peptidase cleavage site. The second exon encodes the rest: 
of the propeptide except for the C-terminal tyrosine, which is 
found at the 5’ end of the third exon. The sequences at each of 
the exon-intron junctions match the consensus splice. site 
sequence'®. A TATA box occurs at position 442 and two poten- 
tial CCAAT boxes occur at positions 235 and 342 (ref. 19). 
The second intron contains the sequence GCCATCTATT- 
GTCCT (positions 1,238-1,297), a potential binding site for 
the glucocorticoid hormone-receptor complex. Karin et 
al’ described the consensus binding site sequence 
FGGT CATTGTECT. Although the first four bases of the 
consensus do not match the putative binding site in the human : 
gene, 10 of the last 11 do. This includes the hexanucleotide — 













a Ar : 60 
guetccetttgtctegggctgctggctgcctgccetttcctcotetccaccct tatttggaggccetgacugctgegccacsencanecceggggegctgggcsccagceagcgtceccc 























as 180 240 
“Let gtttcccepcacggteccegcgtegeugagesagentect gaggeacgocggtgegateacceaggactctittttactcttctcacscctttgeagtgpgagectct todgtouss 
300 380 
Tiwotoagaatgcgectcttgcegetpecggtctegggagctattgoggcteccceaggcacegeggggctgtgeceegccctgcggatgetaact ttesdigggestegectoctgact 
420 466 

tetcect tgpcagctttatcectgoengtgscegestggggegggttctgtctctcctgcgtgct tagegegctgggagadtataadeageggcggcectgugcegctoggsgecegage 
540 eoo 

















cagecgteggecaagagaggogaaccagagaggasccegaggggagegacagsgcagcaagcagtggettgetccttgecgacgceagcATGAGCTCCTTCTCCACCACCACCE TGAGCT 

i MetSerSerPhaSerThrthrithrVat Ser? 

680 720 
CTTITACTOGÜATTECAGCTCOTAGGTCAGACCAGAGCTAATCCCATGTACAATGCCGTGTCCAACGCAGACCTGATGGATTTCAAGgtagggcceggesagcgggtgcegtetg 


uLauLsukeuAisPhaGinLauLeuGiyGlnThrArgAteAanProMatTyrAsnăiaVaiSerAsnAtlaAsplouMetAspPhalys 
780 Ban 


Qorcegggggrtttctgatgctgtgetcactcctct tgatticctcceagtcagtgaggtttatccetthcoctgtatttioot tttct seagAATTTGCTGGACCATTTGG AAG AMAA 
: AsnLeuLeuAapHi aleuGiuvGtuly 
ae s00 a80 
GATGCCTTT AG AAGATGAGGTCGTGCCCCCACAAGTGCTCAGTGAGCOGAATG AAG AAG CGGGGGCTSCT CT CAG CCCCCT CCCTG AGB TGCCT CCCT GGACCGGEG AAG TCAGCECAGC 
‘aWetProleuGluAapG Covel Vel ProPraGtnVal LauSerGiuProAsnGluG LuALaGlyALeAl al euSerProLeuProGluVat ProProTrpThrG ly GLluv al SerProat 
Sonne oe Sie 1020 1080 
SEGA G AG ATSGAGG TG CCCT CGGGCGGGGCCCCTGGGACT CCT CTGATCGATCTGCCCT CCT AAAAAGCAAGCTG AGGGCGCTGCTCACTGCCCCTCGGAGCCTGCGGAGATCCAGCTA 
AGLnArgAepG ly Gly Al aleuG ly ArgGlyProTrpAupSerSerAapArgSerAlaleuleulysSerlysleuArgAleleuleuThral eProArgGarteudrgargserserly 
7 4440 1200 
TCS G66 CAGGATGGACAGE ATTGGAG.CCCAG AG COGACTGGECTE TAAGAGCT TCOGGytesgeggaactggggs tggenstgggetgggstggacectactgggegececcttcag 


haGly Gly ArgMatAepArg!( eGlyAlaGl nSerGtyLauG ly Cy sAsnSerPheArg 
: 126.0 1320 


ee pesagggeccestgcagaagetcottcectctcaagtttctgccccescacccagegtgcccce tgggtgtcaggacs tascatctattatcestagctagtctgctgagsseatge: 
f 1380 1440 
taasssssassopggpygugetoggcacggtoptcecgedtgtestcecagcactttgggagarcaggcegcggstcatgaggtceagagatcaagactatcctggeceacstggtgea 
kni 1500 1560 
` accccagctotectesseatsoasssottagotgggtgtgtggopggcacctgtantctcagotacttgggəggctgapgceggagsatcacttgsaccceggsggcageggttgcagtg 
4620 1680 


agcagagetcecgecactgcagtccegcctaggtgategagcgagactgtct coasaennnnasanessggccaggcgoggtguctcacgectgteatcccegcgct ttgggeggcraag 
4740 4800 
acgogtagetcacgaggtcaggugetggegeccatcctggetencecggtgaanccccgtctctact saeestacennanattagccaggcgtggtggcaggegcctgtaegtcctegct 
1860 1920 
ectccpgagget gagucaggegeatggrg tgeecccoggRggcggagct tgcagtgsgcagagetggceccactgcectccagcctgggcgecagegceagectccgtctcasesseses 
1980 2040 
’ anasanaesngosectgocactageactgggssattassatettooteagagccaagttetctttgcatggotgattagcagttcatattoctocccegsattgcaagatcctgeagggr!i 
2109 2160 


ae tgsaetttactotgetgagtaact tgottetcasttcatgmegctcegeggutcatcaggctagagtoosusccaatgggeagceggtagtcegtaatcaagticegagge tages 
Eara EA Beene 2220 arao: 


tpscttttccaggacegccaggtcacceagccagetatgtctgtgttetct ttgcagTACTGAegeteacegccegggeggeceagcougactgugcctaggg 
ao Tyr ar 
23480 


jAgeggetoetyteccctggggtcrctgctycatttgtgtcetcttgttgocatggagttgtgetcatcccatcteagctgcagcttcctgtcaacect totcacets te 
i ve 2450 RERO 
tgctacctgtegeteangtggtttgetggtgacttcctcgcotctcocacccontgcattaeetttteaggtegascctcacctgttactgeeagtggtttgecegtd@earsamet tc 9 
2580 
caccatggacegesegecematgcctgegttggtgtgetttictttcttcttgggeageguattc 














































Fig.) a, Sequence of the human gene encoding the ANF precursor. The complete 2,583-base pair (bp). nucleotide sequence of th 
BamHI- EcoRI insertin pHGRBI (see below) is shown. Nucleotides are numbered from the BamHI site. Flanking, untranslated and intervening 
`o sequences are represented by lower-case letters, and coding sequences by upper-case letters. The amino acid sequence is shown below the 
corresponding nucleotides. The two potential CCAAT boxes, the TATA box and the polyadenylation signal (AATAAA) are marked. The 
reported human cDNA ‘for the ANF precursor” extends from 33 bases 3’ to the TATA box, to 23 bases 3’ to the polyadenylation signal. The 
proposed binding site for the glucocorticoid hormone-receptor complex is underlined. b, Schematic representation of the ANF gene structuré, 
The régions encoding the primary translation product are represented by wide bars. The signal sequence is marked by stippling and the region 
encoding the 24-amino acid natriuretic factor is solid. Putative proteolytic processing sites (Gly-Arg, Leu-Leu and Arg-Arg) and the C-terminal 
Tyr are shown. Narrow bars represent the $'- and 3'-untranslated regions of the gene, and lines contained between the coding regions represent | 
the introns. The TATA box (TATAAA) and polyadenylation signal (AATAAA) are shown. The solid triangles designate the two putative. 
CCAAT boxes and the potential glucocorticoid hormone-receptor complex binding site is represented by the open triangle. 
Methods: Using the method. of Benton and Davis*’, we screened a human genomic DNA library in bacteriophage A Charon 4A (ref. 30) for 
“sequences homologous to the rat ANF cDNA. One hybridizing phage was purified and shown to contain an insert of 16.6 kb. Southern blot 
analysis of the phage DNA was performed as described previously*’. A single 2.6-kb BamHI- EcoRI fragment was thus isolated and subcloned 
into pBR322. The subclone, designated pHGRBI, was identified by colony hybridization®”. Limited restriction enzyme mapping of PHGRBI 
_ was. performed to define suitable fragments for subcloning into the M13 vectors mp8 and mp9 (ref. 33). We determined the complete 2,583-bp. 
quence on both strands using the dideoxy-chain termination method". Priming of sequencing reactions was accomplished using either the: 
base universal primer’? or synthetic oligonucleotides designed on the basis of previously determined sequence data. Primer-1 
AGCCCAGTCCGCTCTGG) was complementary to bases 1,115-1,132 ofthe human gene sequence, primer-2 (CATAGAGCCAAGTTATCT) 












aded.to bases 1,970-1,987 and primer-3 (GGATCTTGCAATICTGGG) was complementary to bases 2,019-2,036. These oligonucl 


tides ‘were synthesized on a Biosearch SAM-I automated synthesizer and purified by polyacrylamide gel electrophoresis. 
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met ser ser phe ser thr thr thr val ser phe leu leu 
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Human AAT GCC GTG TCC AAC GCA GAC CTG ATG GAT TTC 
Rat GA G G A T 

Human met tyr asn ala val ser asn ala asp leu met asp phe 
Rat val ser thr 





Human ATG CCT TTA GAA GAT GAG GTC GTG CCC CCA CAA GTG CTC 
Rat GG A y G G Ct G 
Human met pro leu glu asp glu val val pro pro gin val leu 
Rat val met ala 

+30 


Human CCT GAG GTG CCT CCC TGG ACC GGG GAA GTC AGC CCA GCG 
Rat T 3 $ 
Human pro glu val pro pro trp thr gly glu val ser pro ala 
Rat ser 


Human TCT GAT CGA TCT GCC CTC CTA AAA AGC AAG CTG AGG GCG 
Rat C A TG A T 
Human ser asp arg ser ala leu leu lys ser lys leu arg ala 
Rat 


Human GGG GGC AGG ATG GAC AGG ATT GGA GCC CAG AGC GGA CTG 
Rat pi T A 
Human gly gly arg met asp arg ile gly ala gln ser gly leu 
Rat ile 

+110 


sequence, TGTECT, found in all glucocorticoid receptor binding 
s*°?!| As with the human growth hormone gene, this site 
occurs within an intron”. Also within the second intron are two 
ndem Alu repeats, which are 76% homologous, spanning 
es 1,356-1,646 and 1,647-1,942. Each shows a marked 
Omplogy (70-86%) with the various Alu repeat sequences 
described by Deininger et al”. 
Differences between the rat and human propeptide amino 
acid sequences ( + 1 to + 126, Fig. 2) occur at 17 positions, giving 
an 86.5% amino acid sequence homology. The nucleotide 
quence homology over the same region is 85.4%. The 
homology is much lower between the signal peptide sequences 
f the two species, as has also been observed in inter- 
specific comparisons of somatostatin and proopiomelano- 
cortin genes”, In each case, however, the hydrophobic charac- 
er of the signal peptide is preserved. Also, the human gene con- 
tains a single polyadenylation signal, AATAAA (ref. 27), 
whereas the rat cDNA has two!?!*!6, 
Active peptide hormones are not usually interrupted by 
introns, in. agreement with the suggestion that functional 
omains are defined by exons”*. The intron that occurs within 
e ANF coding sequence, however, separates the C-terminal 
rosine from the rest of the sequence. Note, in this context, 
hat in vitro assays comparing the natriuretic and vasoactive 
roperties of synthetic des-Tyr-ANF with native ANF have 
hown that the C-terminal tyrosine may not be required for 
iological activity’, Comparison of the rat cDNA with the 
an. gene. structure suggests that the ANF gene may have 
ved from a longer, possibly multi-functional gene. The C- 
tinal Arg-Arg in the rat may be a remnant of the original 
cture, and the single amino acid encoded in the third human 
n may represent a further evolutionary step towards a two- 


he physiological role of the atrial natriuretic peptides is 
clear. Several schemes by which the ANF precursor is pro- 
ssed to give short biologically active peptides have been pro- 
posed'’'*"'”, but whether any of these occurs in vive remains 
to be determined. Evidence has been recently obtained that 
ANF peptides circulate in dog plasma and that their levels 
correspond to variations in blood pressure (J.A.L., unpublished 
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AAG mmama 122 bp-w--= AAT TTG CTG GAC CAT TTG GAA GAA AAG 
Cue A ec E G 
lys asn leu leu asp his leu glu glu lys 
+20 


Cc A cc $ G A T T 
ser glu pro asn glu glu ala gly ala ala leu ser pro leu 
gin thr asp ser 
+40 +50 


GGC CCC TGG GAC TCC 


T £ (H 
gin arg asp gly gly ala leu |g g] gly pro trp asp ser 
pro 
+70 


CTG CTC ACT GCC CCT CCG AGG CTG CGG AGA TCC AGC TEC TTC 


G A G A 
thr ala pro arg ser leu [arg arg] er ser cys phe 
ala gly 
+100 
i 
GGC TGT AAC AGC TTC CGG mesem- 1093 bp--~--- TAC TGA AGA TAA 
C C 
gly cys asn ser phe arg tyr sto 
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gi stop 
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Fig. 2. Comparison of the human and rat sequences. The amino acid sequences of the human and rat ANF precursor are aligned with their 
corresponding nucleotide sequences. The rat sequences are shown only where they differ from the human sequences. Numbering refers to the 
human amino acid sequence, with +1 referring to the N-terminal Asn of the propeptide. Alignment of the rat and human sequences is perfect 
except at codon ~19, which is not present in the rat precursor. Potential proteolytic processing sites'®''*-'” are boxed. Rat sequences are from 
refs 13, 14 and 16. 


results). Knowledge of the gene sequence for the human ANF 
precursor should now allow us to investigate the biological 
activities of various encoded peptides and to study their role in 
controlling human blood pressure and fluid volume. 
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The largest group of transposable elements in Drosophila 
_ melanogaster, copia-like elements’, share some important struc- 
“tural features. with and are intimately related in evolution to 
-vertebrate retroviruses’. To further clarify the relationship 
- between retroviruses and copia-like transposable elements, we set 
out to determine the complete nucleotide sequence of the genome 
_ of 17.6, which has long terminal repeats homologous in nucleotide 
-sequence to those of avian leakaemia~sarcoma virus'”. We report 
here that 17.6 contains three long open reading frames comparable 
with gag, pol and env genes in retrovirus. At the level of amino 
acid sequence, the longest open reading frame of 17.6 includes a 
coding sequence similar to that for reverse transcriptase, suggesting 
_ a role for this enzyme in the life cycle of some Drosophila copia-like 
elements, analogous to the situation in retrovirus. 
The nucleotide sequence of the internal body (the region 
flanked by long terminal repeats (LTRs)) of 17.6, inserted in 
“histone genes in A hist 17.6'*"°, was determined by the Maxam 
nd Gilbert procedure'’. The resultant nucleotide sequence was 
ombined with the LTR sequences previously published’? to 
ive the nucleotide sequence of the 17.6 genome (7,439 base 
airs (bp)): translation of the nucleotide sequence showed 17.6 
to contain three long open reading frames (ORFs), /, 2 and 3 
+ (Fig. 1). Other ORFs (locations not shown here) are too short 
© to encode the polypeptides of more than 150 amino acids. The 
“majority of 17.6 elements distributed on the chromosome may 
-contain the nucleotide sequences for these three long ORFs, as 
"> the restriction maps of more than half of the 17.6s isolated from 
18 chromosomal loci were identical to the 17.6 map examined 
here'®, In three /7.6s examined, including the one discussed 
here, no differences were found in the nucleotide sequence of 
a 300 bp region arbitrarily chosen within the internal body. 
oo" "The ORFs 1, 2 and 3 of 17.6 show similarities in size and 
“Jocation to gag, pol and env genes, respectively, of avian 
leukaemia virus (ALV)’’ and Moloney murine leukaemia virus 
z (MoMuLV)"* (Fig. 3). Furthermore, as with the retrovirus pro- 
> viruses, all these long ORFs of 17.6 were found to reside on a 
< specific DNA strand simultaneously containing the nucleotide 
“sequences corresponding to a Hogness box, polyadenylation 
signal, primer binding site and polypurine sequence in ALV”? 
(see Fig. 1). A 540-bp noncoding sequence, very rich in A+T 
content, was also located upstream from the ORF / (Fig. 1). 
As shown below, the ORF 2 of 17.6 includes the coding sequence 
for the enzyme similar to reverse transcriptase, which, in the 
case of the retrovirus, is coded by pol. 

Virus-like particles (VLPs) with copia RNA and the reverse 
transcriptase-like enzyme activity have been identified in 
` D. melanogaster and copia RNA encapsidated is considered to 
have a weak mRNA activity for making the polypeptides 
immunologically related to the VLP coat proteins'', However, 
itis not clear whether the copia genome contains the gene for 

he reverse transcriptase-like enzyme. This fact, along with the 
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enzyme similar to reverse transcriptase of retrovirus within th 
17.6 genome. We compared the amino acid sequences of th: 
putative polypeptides expected to derive from the three ORFs 
of 17.6 with those of the reverse transcriptases of MoMuLV’® 
and Rous sarcoma virus (RSV)!’, and that of the putative reverse _ 
transcriptase of cauliflower mosaic virus (CaMV)'®. The ORF 
2 protein of 17.6 was found to contain a 200-300 amino acid 
long domain which could match some portions of the pol ge: 
products of MoMuLV and RSV, and of the counterpart of CaMV 
(Fig. 2). The amino acid sequence homology between 17.6 and 
MoMuLv was estimated to be 25% , whereas those between J 
and RSV and between 17.6 and CaMV were 20 and 3 
respectively. We will hereafter refer to the regions with t 
homogous amino acid sequences and their DNA counterpai 
as RT polypeptides and RT DNAs, respectively. os 
It is noteworthy that the RT polypeptides of MoMLV. a 
RSV correspond to the regions containing the amino’ 
sequences which have been suggested as being conservativ: 
among various reverse transcriptases and similar enzymes, ai 
in charge of the polymerase activity?” (Fig. 3). Furthermore 
RT polypeptide of 17.6 was found to cotain 9 of the 10 amin 
acids that are invariant in all reverse transcriptases so: fi 
examined” (Fig. 2). In addition, the relative positions of the 
RT DNAs of 17.6, MoMLV and ALV (RSV), were found to 
similar to one another, assuming the ORF 2 of 17.6 to b 
identical to the pol genes of the retroviruses (Fig. 3). Thu: 
is probable that the RT DNA of 17.6 is the major codin 
sequence for the enzyme similar to the reverse transcriptase 0 
retrovirus. In a separate experiment (unpublished), we deter. 
mined the nucleotide sequences of the entire 297 (ref. 6) genom 
and a portion of the 4/2 (ref. 3) genome and found that 
elements also contain the nucleotide sequences correspon 
to the RT DNA. Thus the nucleotide sequence of the RT 
seems to be conserved among at least some classes of Dro 
copia-like element; the RT polypeptides have played an im 
tant role in maintaining these elements as transposable element 
during evolution. a 


The carboxyl-terminal regions of the reverse transcriptase: 
ALV and MoMuLvV ‘contain DNase activity'®'*°, probabl 
required for integration”. Interestingly, the ORF 2 proteins of 
17.6 and 297 contain the regions with highly conservative amino. 
acid sequences near their carboxyl ends (unpublished data). We 
have identified recently the significant amino acid sequent 
homology between these carboxyl terminal domains of OR! 
proteins of 17.6 and 297, and the DNase regions of ALV an 
MoMLY, suggesting that even the overall organization of th 
genes is similar to that of the pol genes of retroviruses | 
script in preparation). ORF / of 17.6 and 297 may be re 
also to gag of MoMLYV, as weak homology at the level of amin 
acid sequence could be detected. e 

17.6 contains nucleotide sequences that apparently co 
spond to a primer binding site and polypurine sequence, both 
mandatory for the initiation of DNA synthesis in reverse tra 
scription in a retrovirus system’. As described above, we hi 
confirmed that 17.6 has the coding sequence for reverse tra: 
scriptase-like enzyme. Furthermore, Drosophila appears to co’ 
tain a candidate tRNA of 297 primer since our data (unp 
lished) have revealed that as with retrovirus primer tRNA’ 
the 3’-terminal 18-bp fragment of one of the Drosophila seri 
tRNAs is complementary to the 18-bp, putative primer binding 
site of 297. Circular DNAs of 17.6 and 297 which appear to 
correspond to the circular retrovirus DNAs”! have also been 
identified in Drosophila (ref. 10 and our unpublished data) 
Thus, it is quite conceivable that the RNAs of 17.6 and other 
similar elements are reverse transcribable by a mechanism 
similar to that of retrovirus, and that the resultant DNAs or 
their derivatives are used as intermediates for integration. VLPs, 
which may be required for the effective reverse transcription, 
have been found only in the case of copia. 

Our results support the view that copia-like transposab 
elements in Drosophila and retroviruses in vertebrates be 
very close evolutional relationship, but do not reveal w th 
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(1)RSV IDQWPL... [BEGKLVALTQLVEK FilQ LOHBIEPR LSC WETAV FUT REASG. . SYRLLH 
(2)Mo-MuLv IKQYPM....S@EARLGIKPH@ROR LEDSEILVPCOREWITELLPY . PGTNEYRPVE 
(3)CaMV IKVKPMGQ@SS . EMD . REF DK@HKE LIBD LK VBAKPRKRIGHMAIBAF LINNEA . . . EKR .RG 
(4)17.6 NLP LYSES YEMA Y EQS VE SORES D MGENGIERSIR TINGS YRS T WIRUPERNQ . . ASG 


DUGAMINAKLVPF . GANJQQGARV... . . LSALPRGWPLM. VLBRIKDCYF SP LAEQDREAMAGT LPSVNNQ 
DUREQINKRVEDIHPGRUPNPYNL. .. . . LA@LPPSHQWYGV LEK DAF CLRLH@TROP LFREWR . DPEM 
(KEM VNIKAMEK ARN TIGNA YN LEN KGS LIFT L IRGKKIFSSFE)CKS@QWEVLUBQHSRPLAINATCP..... 
FRI DPRK UNE TEAR He NM LEK LGRCNYF@IT TERA KEQHOREMB Egos VSKWAISTK. ...« 


vy v v v vy 
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Fig. 2 Comparison of the amino acid sequences of RT polypeptides from various sources. The amino acid sequences were deduced from: 
the nucleotide sequences (RSV, ref. 17; MoMLY, ref. 16; CaMV, refs 19, 
of the RT polypeptides. Lines 1, 2, 3, 4; amino acid sequences of the RT polypeptides of RSV. MoMLV, CaMV and 17.6, respectively. White. 
letters enclosed by filled boxes, homology to 17.6 in lines l, 2 and 3, and homology to RSV, MoMLV or CaMV in line 4. Filled triangles, 
locations of 9 of the 10 invariant amino acids?” found in 17.6; an open triangle, amino acid not found as an invariant in 17.6... 





Fig.3 Comparison of the genome structures between retrovirus 

oo proviruses and a copia-like element, 17.6. a, b, Genome organiz- 
“ations of the integrated proviral forms of ALV and MoMLV, 
deduced from the RNA genome structures'®’’, respectively. In 
particular, the structure of the ALV provirus is identical to that of 
RSV without sre gene and one DR'”, The structure of /7.6 (2) was 
deduced from the nucleotide sequence shown in Fig. 1. Hatched 
boxes, LTRs; filled boxes, RT DNAs (see Fig. 2); open boxes, 
ORFs of 17.6 and the genes of retroviruses. Filled lozenges, posi- 
tions of the primer binding sites in a and b and the putative primer 
binding site in c: open lozenges, positions of polypurine sequences, 
small rectangles over the hatched LTR boxes, regions containing 
the Hogness box and polyadenylation signal or their related 
“© sequences'®'*-!”, Scale bar, 1,000 bp. Arrows labelled RT, positions 
‘of the nucleotides corresponding to the most conservative amino 
acid sequences, YXDD,in the RT polypeptides (see Fig. 2}, Under- 
line im b, region of amino acid sequence highly homologous to 
that of the reverse transcriptase-like enzyme of CaMV (see ref. 

27). g, gag; p, pol; e, env, 1, ORF 1; 2, ORF 2; 3, ORF 3. 





the common ancestor is a retrovirus!) !? 
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Neuroendocrine cells release a portion of their stored secretory 
hormone content when exposed to tissue-specific secretagogues. In S 
the case of the adrenal medulla, catecholamines and enkephalin 
peptides, as well as other secretory proteins, are secreted in 
response to acetylcholine, which is released onto cholinergic recep-"- 


















at. Secretagogue stimulation thus depletes intracellular stores 
‘portable hormone. We were interested to know whether the 
signal for exportable hormone release might also function as a 
gnal for compensatory hormone repletion by enhancing the bio- 
Synthesis of the released hormone(s). Accordingly, we have investi- 
gated the effect of nicotinic receptor stimulation on Met- 
enkephalin peptide biosynthesis and expression of proenkephalin 
Messenger RNA in primary cultures of bovine chromaffin cells. 
Our results, reported here, suggest a model for stimulus—secretion— 
synthesis coupling in which nicotinic receptor occupancy activates 
two. pathways, One pathway, dependent on calcium and not 
mimicked by increased intracellular cyclic AMP, leads to 
xocytotic hormone release; the other, probably via a calcium- 
dependent increase in intracellular cyclic AMP, leads to a com- 
pensatory increase in intracellular enkephalin through activation 
of transcription of the proenkephalin structural gene. 
hromaffin cells were dissociated from bovine adrenal 
nedulla and maintained in primary culture for 72-96 h“. 
Aedium was then removed from the cells and replaced with 
fresh medium containing nicotinic agonists and/or antagonists. 
Exposure to 10 4M nicotine for 24-72 h resulted in a gradual 
increase in total Met-enkephalin immunoreactivity in the cul- 
res (Fig. 1). This increase was completely blocked in the 
presence of 5 ug ml”! cycloheximide (data not shown), It was 
preceded by an increase in mRNA coding for proenkephalin 
(mRNA**) which is already maximal at 24h, when peptide 
evels begin to rise (Fig. 1). Nicotinic induction of enkephalin 
biosynthesis was maximal at the dose used (5-10 uM) and was 
not observed with doses of nicotine = 1,000 uM. This desensitiz- 
n to nicotine is also characteristic of nicotine-induced 
ephalin and catecholamine release. The induction of 
RNA‘ by nicotine is quite rapid: an increase in mRNA‘* 
detectable within 2h of exposure to 5 uM nicotiné and is 
ximal by 8h (Fig. 2). This rapid time course suggests that 
nicotine is acting to increase mRNA‘"* by enhancing pro- 
phalin gene transcription rather than by inhibiting its degra- 
lation. Enhanced transcription of the proenkephalin gene is 
lso suggested by a rapid increase in nuclear proenkephalin 
recursor RNA following exposure to nicotine (H.-U.A., unpub- 
ished observations). Nicotine first causes an actual depletion 
of intracellular Met-enkephalin, due to its release into the culture 
medium. By 25h, however, intracellular peptide stores have 
urned to pre-stimulation levels, indicating that compensatory 
osynthesis has occurred (Fig. 2). 
Nicotinic stimulation of Met-enkephalin biosynthesis, 
enkephalin release and levels of mRNA‘ are all blocked by 
ddition of hexamethonium, a nicotinic antagonist (Table 1). 
In-addition, induction of mRNA“ by 10 uM nicotine is blocked 
y hexamethonium added as long as | h after nicotine, suggest- 
ig that in these experimental conditions nicotinic induction of 
nkephalin biosynthesis is not secondary to a feedback effect 
Secretory products (for example, enkephalin, ATP, 
atecholamines); these are maximally released from the cells 
uring the first 15 min of exposure to nicotine (L.E.E., unpub- 
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Fig. 1 Effect of chronic exposure to nicotine on mRNA‘ and 
immunoreactive Met-enkephalin in cultured chromaffin cells. a, 
Autoradiograms of Northern blots prepared from chromaffin cell 
total nucleic acids l, 2 or 3 days following exposure to 5M 
nicotine (N) or vehicle (C) and hybridized with a °°P-labelled 
400-base-pair Pstl restriction fragment of bovine proenkephalin 
A cDNA” as described previously**. Arrows indicate positions 
of 285 and 18S RNA. Autoradiograms were scanned densitometri- 
cally and corrected for total RNA applied in each sample by 
scanning densitometrically negative photographs of UV-trans- 
illuminated, ethidium-stained gels run in parallel to the gels used 
for Northern transfer. These values were (control at each time 
point corrected to 100%): day 1, C= 100+ 5, N= 152+ 10; day 2, 
C= 10046, N= 145 +8; day 3,C = 10049,N= 183 +22, ¥+5.e.m., 
n= 3. b, Immunoreactive Met-enkephalin was measured by radio- 
immunoassay using the RB-4 antiserum exactly as described in 
ref. 6. N, values measured in nicotine-treated cultures; C, values 
measured in untreated cultures. The hatched portion of each bar 
represents immunoreactive Met-enkephalin contained in the cells 
and the unhatched portion the immunoreactive-Met-enkephalin 
released into the medium. The total height of each bar represents 
total (cell+ medium) immunoreactive Met-enkephalin. Values are 
the mean + s.e.m. of three determinations (wells). Lower s.e.m. is 
that associated with cell content and upper s.e.m. is that associated 
with total (cell + medium) immunoreactive Met-enkephalin. 

Methods. Cells were prepared and maintained in culture at a 
density of 300,000 cells per 16-mm well as described previously’. 
On day 3 of culture, medium was removed and replaced with fresh 
medium (C) or medium containing $M nicotine (N), 24, 48 and 
72h later, parallel cultures were extracted for total nucleic acids 

or enkephalin peptides as described elsewhere’. 


Table 1 Effect of hexamethonium blockade on nicotine-stimulated Met-enkephalin metabolism and increased cellular 
cyclic AMP in cultured chromaffin cells 








l 2 4 5 
mRNA: % of Met-enkephalin Met-enkephalin Cyclic AMP 
Additions control (ng per well) (% release) (pmol per well) 
100 + 3.6 2.54+0.211 1.55 + 0.398 1.19 + 0.025 
214+ 18.5* 3.40 + 0.147* 22.0+0.41* 1.73 + 0.066* 
128+5.6 2.53 + 0,190 1.63 + 0.071 L.3240.178 
138+5,17 2.33 £0.287t 5.18 + 0.39874 1.43.4: 0.050*+ 












-hexamethonium 


(cols 2,5), 4 (col. 4) or 6 (col. 5) determinations (wells). 


Parameters measured 24 h (column 2) or 48 h (column 3) after exposure to 10 uM nicotine and/or 50 pM hexamethonium (added to the cultures 
15's before addition of nicotine) or I h (columns 4, 5) after addition of 10 uM nicotine with simultaneous addition of 10 eM hexamethonium (when 
present). Cyclic AMP was measured with a commercially available kit (NEN) by direct radioimmunoassay. Values represent the mean+s.e.m. of ce 


*P<0.01 compared with control (no additions); tP <0.05 compared with nicotine alone, using Student's two-tailed t-test, 








lished” observations). Muscarine has no effect on enkephalin 
“release or biosynthesis at concentrations up to 200 pM (data 
not shown). 
>The induction of enkephalin mRNA by nicotine is preceded 
by an increase in intracellular cyclic AMP which is also blocked 
--by hexamethonium (Table 1). We have previously reported that 
` forskolin and cholera toxin, which increase intracellular cyclic 
AMP, also increase mRNA“ in chromaffin cells™®. Elevation 
of intracellular cyclic AMP has also been demonstrated to result 
in increased transcription of the prolactin gene in a clonal line 
of pituitary tumour cells’. Interestingly, elevation of intracellular 
cyclic AMP by forskolin neither stimulates acute release of 
_ Met-enkephalin (or catecholamines) from chromaffin cells nor 
potentiates the releasing effect of a submaximal dose of nicotine 
(LEE. unpublished data), consistent with a previous report® 
of a lack of effect of 8-bromo-cyclic AMP or cholera toxin on 
catecholamine release from cultured chromaffin cells. In addi- 
tion, forskolin-induced enkephalin mRNA elevation is not 
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Fig.2 a, Time course of mRNA‘ induction by nicotine; b, 
enkephalin immunoreactivity. The hatched and unhatched por- 
tions of the shaded and unshaded bars are as described in Fig. | 
legend. 
Methods, _ Chromaffin cells were exposed to nicotine on day 3 of 
culture. At the times indicated, cultures were extracted for total 
nucleic acids or enkephalin peptides. a, Total nucleic acids were 
prepared as described previously*°, and the extract from 90,000 
cells (~ 1 ug of RNA) in 100 pi of denaturing buffer was blotted 
onto Gene-Screen Plus paper (NEN) soaked in 20 SSC in a 
Schleicher and Schuell Slot Blot apparatus. Blots were washed 
with | M sodium phosphate pH 6.5, air-dried and hybridized with 
the bovine enkephalin cDNA probe (see Fig. 1 legend), Blots were 
autoradiographed and each sample was then cut from the paper 
and radioactivity counted by liquid scintillation spectrometry in 
Oml-of Hydrofluor (NEN), Values are expressed as per cent 
crease over the untreated control signal at each time point, and 
“represent: the meanis.e.m. of three individual determinations 
a (wells). ‘b. Enkephalin immunoreactivity was measured in culture 
3 i cell extracts at 5, 13 and 25 h after exposure to nicotine. 
es are the: cant s.e. m. of six determinations (wells). 
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dependent on calcium influx whereas the increase in mRN 
elicited by 5 pM nicotine is markedly so, being totally abolish 
in the presence of the calcium channel blocker D-600 (contro 
mRNA, 100+ 30.4% ; 25 uM forskolin, 237 + 15.6%; 25M 
forskolin plus 10 pM D-600, 290 + 25.3% ; 5 pM nicotine, 237+ 
15.6%; 5M nicotine plus 10 pM D-600, 110+ 5.8%% data 
obtained from Northern hybridization and normalized: as 
described in Fig. | legend). The calcium dependence of nicotinic 
induction of mRNA‘ may reflect a calcium requirement 
activation of adenylate cyclase, as described for other syster 
in which secretagogues cause an elevation of intracellular eye 
AMP*!°, or it may be necessary for the translocation of oth 
messengers that ultimately affect enkephalin gene expressi 

These data suggest a model for stimulus-secretion-synthesis 
coupling’! in which secretagogue receptor activation causes bo’ 
calcium-dependent secretion and a calcium-dependent increase 
in mRNA coding for the secreted peptide. The third méssenge 
for stimulation of enkephalin biosynthesis may be cyclic AMP, 
acting via cyclic AMP-dependent protein kinase. to ehhan 
enkephalin gene transcription, as suggested for trans-synap 
induction of tyrosine hydroxylase in adrenal medulla*’ 

It will be interesting to determine whether this mode. 
regulation also operates in other types of neural cells that stor 
and secrete enkephalin as well as other neuropeptide hormones 
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Chang- Mei Hsu for carrying out the Met-enkephalin’ radio 
immunoassays, Dr Steve Sabol for the gift of RB4 antis 
Dr Peter Seeburg (Genentech) for the gift of bovine enkeph. li 
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manuscript and Michael Brownstein for his encourager nt 
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Ubiquitin’, a 76-residue protein, occurs in cells either free 
covalently joined to a variety of protein species’, from chrome 
somal histones** to cytoplasmic proteins. Conjugation of ubiquitin 
to proteolytic substrates is essential for the selective degradation 
of intracellular proteins in higher eukaryotes 78) We show he 
that a protein homologous to human ubiquitin exists in the ye 
Saccharomyces cerevisiae, and that yeast extracts conjugate hu 
ubiquitin to a variety of endogenous proteins in an ATP-depend 
reaction. We have isolated the S. cerevisiae ubiquitin gene: 
found it to contain six consecutive ubiquitin-coding repeats i 
head-to-tail arrangement. This apparently unique gene orga 
ation suggests that yeast ubiquitin is generated by processing 
à precursor protein in which several exact repeats of th 












































between the last and first residues of mature ubiquitin, respectively. 
Ubiquitin-coding yeast DNA repeats are restricted to a single 
genomic locus; although the sequenced repeats differ in up to 27 
of 228 bases per repeat, they encode identical amino acid sequences. 
As this predicted amino acid sequence differs in only 3 of 76 
“residues from that of ubiquitin in higher eukaryotes, ubiquitin is 
apparently the most conserved of known proteins. 

We identified recently the first mutant in the ubiquitin path- 
< Way’, and have used this mouse-derived cell cycle mutant, ts85, 
to directly demonstrate the ubiquitin dependence of selective 
protein degradation in higher eukaryotes’. A deeper analysis of 
_ the ubiquitin pathways by methods of molecular genetics should 
possible if yeast possesses a functional ubiquitin system. 
gure 1A shows that yeast contain a protein homologous to 
biquitin. This protein is specifically immunoprecipitated with 

antibody to human ubiquitin, and is indistinguishable from 
ubiquitin when analysed electrophoretically on 18% polyacryl- 
amide-SDS gels (Fig. 1A). Moreover, crude S. cerevisiae extracts 
catalyse the conjugation of added human ubiquitin to a variety 
of endogenous proteins in an ATP-dependent reaction (Fig. 1 B, 
anes d-h), as do mammalian cell-free systems (Fig. 1B, lane 
c} and intact cells™™?, 
©. The recently developed Agtl1 expression vector'*"* is suited 
for cloning genes whose products can be visualized by filter 
immunoassay. A yeast genomic DNA library carried in Agt!! 
was screened using affinity-purified antibody against human 
ubiquitin, and a specifically immunoreactive phage, AUB, was 
plaque-purified to homogeneity (see Fig. 2A legend for details). 
The nucleotide sequences at both ends of the AUB insert were 
determined using the method of Maxam and Gilbert’. However, 
we found stop codons in all three reading frames and no poten- 
ial ubiquitin-coding sequences. This suggests that vector-insert 
sion proteins were not responsible for recognition by the 
ti-ubiquitin antibody. 
To identify the immunoreactive coding sequences of AUB, its 
4kb insert was sheared by sonication and subcloned into the 
G3 plasmid expression vector'® (Fig. 2A). An immunoreac- 
ive subclone designated pUBI was purified, and the nucleotide 
quence of its 240 base pair (bp) insert was determined. As 
own in Fig. 2A, this DNA fragment does indeed encode an 
amino acid sequence identical to the C-terminus of human 
“ubiquitin, from residue 44 to the terminal residue 76. Surpris- 
ingly, however, the predicted amino acid sequence continues 
ithout stop codons far past the presumptive ubiquitin C- 
_terminus; these downstream sequences correspond in turn to 
he N-terminus of human ubiquitin (Fig. 2A). 
_. The striking organization of the pUBI insert (Fig. 2A) suggests 
that yeast ubiquitin is generated by processing of a precursor 
rotein containing two or more precisely joined repeats of the 
anonical amino acid sequence of ubiquitin. Using the pUBI 
nsert as a probe, ubiquitin-coding sequences of the AUB insert 
vere mapped by Southern hybridization” (data not shown), 
found to span approximately 1.4 kb internal to the 2.4kb 
iB.insert, consistent with the possibility that AUB contained 
String of six 228-bp ubiquitin-coding repeats. The AUB insert 
vas subcloned into pBR322 (to yield the plasmid pUB2; see 
egend to Fig. 3), end-labelled as shown in Fig. 3A, and partially 
gested with either MspI or Mboll. This produced an elec- 
‘ophoretic ‘ladder’. of end-labelled products, as predicted by 
model of multiple, precisely joined repeats of the 228-bp 
biquitin-coding elements (Fig. 3B and data not shown: see 
iso Fig. 2A, B). Based on such restriction site periodicities, the 
biquitin gene appears to contain six tandem ubiquitin-coding 
peats. An independent estimate of six repeats can be made 
the basis of Southern hybridization analysis of either 
evisiae genomic DNA or the 2.4kb pUB2 insert fully 
digested with Ddef and probed with pUB1 insert (see Fig. 3C). 
Figure 3C also shows that no major rearrangements of ubiquitin- 
coding sequences occurred during cloning of the pUB2 insert 
from yeast genomic DNA. A quantitative hybridization analysis, 
-using DNA from AUB as a titration standard, indicates that 
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mino acid sequence are joined directly via Gly~Met peptide bonds 
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Fig. 1 Presence of a ubiquitin homologue in S. cerevisiae, and 
ATP-dependent conjugation of human ubiquitin to endogenous 
proteins in S. cervisiae extracts. A, yeast cultures (strain S288C) in 
exponential growth were labelled with *H-lysine in glucose-supple- 
mented SD medium for 30 min at 30°C. Cells were pelleted by 
centrifugation, resuspended in | mM dithiothreitol (DTT), 10 mM 
Tris-HCl (pH 7.5), lysed using glass beads, and centrifuged at 
100,000g for ! h. The supernatant was heated at 80°C for 10 min 
and clarified by centrifugation. Equal aliquots of the supernatant 
were immunoprecipitated (using fixed S. aureus*°) with either rab- 
bit antiserum against human ubiquitin or an equal amount of 
preimmune rabbit serum (lanes a and b, respectively), Immuno- 
precipitates were analysed by electrophoresis in an 18% dis- 
continuous polyacrylamide-SDS gel and fluorography”. Identical 
results were obtained in the absence of heat pretreatment, i.e., no 
additional protein species were specifically immunoprecipitated 
by the anti-ubiquitin antibody. u denotes the ubiquitin band. B, 
Strain $288C cells in exponential growth were lysed and cen- 
trifuged as above, and the supernatant used as a source of ubiquitin- 
conjugating activity. 120 ug of extract were assayed at 37°C in a 
final volume of 30 yl by adding 3 wl (510° c.p.m.) of human 
ubiquitin (purified and labelled with '**I as described previously”) 
to the assay buffer (10mM_ creatine phosphate, 0.5mM ATP, 
100 pg ml” creatine phosphokinase, 5mM MgCl, I mM DTT, 
50mM Tris-HCI, pH 7.5). Assays were terminated by addition of 
SDS”, Samples were analysed by electrophoresis on discontinuous 
12.5% polyacrylamide-SDS gels. Lane a, from a mock assay 
(extract omitted); lane b, a complete yeast assay but in the absence 
of ATP (and presence of 0.6 units of yeast hexokinase and 20 mM 
2-deoxyglucose); lane ¢ an analogous 6min assay with 7°] 
ubiquitin and 120 ug of rabbit reticulocyte extract prepared as 
described previously'®. Lanes d-g, complete yeast assays carried 
out for 3, 6, 15 and 30min, respectively. Arrows indicate the 
electrophoretic origins. 


nucleotide sequence homology to the pUBI insert is restricted 
in S. cerevisiae to a single genomic locus (Fig. 3D). 

While the data of Fig. 3, based on restriction fragment analy- 
ses, adequately demonstrate the existence of multiple repeats 
of yeast ubiquitin-coding elements, the precise juxtaposition of 
these ubiquitin repeats (Fig. 2A) was shown to be general by 
more extensive nucleotide sequence determination (see Fig. 2B). 
Since the ubiquitin-coding repeat is of a size (228 bp) appropri- 
ate for sequence determination from a single site, the ubiquitin- 
coding region could be sequenced by placing each repeat next 
to a universal sequencing primer site, such as that of the mp 
family of M13-derived cloning vectors'*. The desired M13 sub- 
clones correspond to the restriction fragments visualized 
autoradiographically in Fig. 3B. In a preparative counterpart of 
the same experiment, DNA was eluted from gel slices corre- 
sponding to the autoradiographic bands in Fig. 3B, and the 
fragments of interest were cloned selectively into the M1i3mp9 
vector’ (see Fig, 2B legend). 

Sequencing of the nested set of ubiquitin-coding repeats, = 
subcloned into M13 as described above, substantiated in detail 
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Fig. 2 Nucleotide sequences of the yeast ubiquitin gene. Arrowheads 

“indicate sites of proteolytic cleavage required to generate mature 

ubiquitin from a polyubiquitin precursor; predicted amino acids are 

thús numbered from | to 76 beginning with predicted mature amino 
termini (see Fig. 4 and text). A, Complete nucleotide sequence of pUBI 

` insert. B, nucleotide sequences spanning the 3’ end of the yeast ubiquitin 
gene. 

. Methods: A, The plasmid pUBI contains a 240 bp insert subcloned from 
the AUB phage. AUB was isolated as described in the text from a yeast 
genomic DNA library carried in the Agt!1 vector’? (for preparation of 
the library see ref. 14). The polyclonal antibodies against human 

ubiquitin were affinity-purified on ubiquitin-Sepharose before immunos- 

_. greening at a dilution optimized in preliminary dot immunoassays. These 
` antibodies were negative with E. coli extracts. Screening of the library 
- (carried out via plaque immunoassay, at 5 x 10° plaques per 15-cm plate, 
~ with the host E. coli Y1090, as described previously’) yielded fifty 
_ apparently positive phage stocks. Two of four such stocks, tested further, 

_ produced immunological signals specifically inhibitable by added 
_ ubiquitin (not shown). One such phage, AUB, was plaque-purified until 
each visible plaque (of about 250 tested) was immunoreactive. The 

i: {mmunoreactive protein specific to AUB lysates is ~50 kilodaltons in 
size, and its expression is IPTG-independent (data not shown). DNA 
from the cloned AUB phage was digested with EcoRI to yield the 2.4 kb 
AUB insert, which was then purified by gel electrophoresis and sheared 

“by sonication to an average size of ~400 bp. The resulting DNA frag- 
"ments were subcloned into the pUC13 plasmid expression vector'® using 
-synthetic linkers. The. pUC13 library was immunoscreened with the 

“ anti-ubiquitin antibody, using previously described methods?’ ; one of 

“the positive clones, designated pUBI, was purified and its insert was 
sequenced on both strands, using the method of Maxam and Gilbert’? 
B, The insert of AUB was excised with EcoRI and subcloned into the 
EcoRI site of pBR322, to yield the pUB2 plasmid. pUB2 was cut with 
HindIII (see Fig. 3A), and a small portion of the resulting DNA sample 
was P end-labelled with the Klenow DNA polymerase I fragment’, 
to serve as a tracer, then added back to the same DNA sample. The 

- resulting mixture of labelled and unlabelled DNA was then cut with 
» Pstl (see Fig. 3A). The. insert-containing fragment was purified by 
“agarose gel electrophoresis, partially digested with MspI, treated with 
bacterial alkaline phosphatase, and analysed on a 3% polyacrylamide 
] (see Fig. 3B). The wet gel was subjected to autoradiography, and 
NA was eluted from gel slices, each corresponding to an autoradio- 
“graphic band. The resulting DNA samples were ligated in parallel to 
the HindIII site of replicated form DNA of M13mp9 phage'®. The 
vector DNA had been previously digested with both HindIII and PstI, 








so that only one HindIII site was available for ligation. Following heat-inactivation of DNA ligase, the samples were digested with Acel to 
| provide a single-stranded end on the vector which is complementary to the MspI-generated single-stranded end of the inserted fragment. 
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44 Map I Mbo II 63 
» ATC TTT GCC GGT AAG CAG CTA GAA GAC GGT AGA ACC TTG TCT GAC TAC AAC ATC CAA: AAGO 
ile phe ala gly lys gin leu glu esp gly arg thr leu ser asp tyr asn ile gin lys 


64 Yn 7 
GAA TCT act CTT CAC The CTG TTG AGA TTG AGA GGT GGT ATG CAA ATT TTT GTC AAC ACA - 
glu ser thr leu his leu val leu arg leu arg gly gly met gln ile phe val lye thr 


8 27 7 
CTG ACA OGT AAG ACT ATA ACC CTA GAG GTT GAA TCT TCT GAC ACT ATT GAC AAC GTT AAG. ` 
leu thr gly lys thr ile thr leu glu val glu eer ser asp thy ile asp asn val lye 


28 : 45 Map. I 
TCG AAA ATT CAA GAC AAG GAA GCT ATT CCT CCA GAT CAA CAA AGA TTG ATC TTT GCC 
ger lys ile gin asp lye glu gly ile pro pro asp gin gin arg leu ile phe sla giy- 


39 Mep I Mbo II 
. GAT CAA CAG AGA TTG ATT TTT GCC GGT AAG CAA CTA GAA GAT GGT AGA ACC TTG TCT GAC Ti 
asp gin gln arg leu ile phe ala gly lys gln leu glu asp gly arg thr leu ser asp tyr. 


60 Dde I zl s EESTE: h 
AAC ATC CAA AAG GAA TCT ACT CTT CAC TTG GTG TTG AGA UTG AGA GGT GGT ATG CAA ATT. TT 
asn ile gin lye glu ser thr leu hie leu val leu arg leu arg gly gly wet giń dle phi 


S ; 
GTC AAA ACT CTA ACA GGG AAG ACT ATA ACC CTA GAG OTT GAA TCT TCC GAC ACT ATT GAC. AAC 
val lys thr leu the gly lye thr ile thr leu glu val glu aer ser asp thr ile asp asn 


26 nep Í 46 
GTC AAA AGT AAA ATT CAA GAT AAA GAA GGT ATC CCT UCO GAT CAA CAG AGA TTG ATT TTT GCT 
val lys ser lye ile gin asp lys glu gly fle pro pro aap gin gin arg leu ile phe ala: 


47 Mbo IL er 
GGT AAG CAA CTA GAA GAT GGT AGA ACC TTG TCT GAC TAC AAC ATC CAA AAG GAA TCT ACT CTT 
gly lys gln leu glu asp gly arg thr leu ser asp tyr aen ile gin lys glu ser thr. Lew 


68 Dde I 76¥ 1 12 
CAC THC GTG TTG AGA CTG AGA GGT GGT ATG CAA ATT TTC GTC AAA ACT CTA ACA GGG AAG ACT: 
his leu val leu arg leu arg gly gly met gin ile phe val lys thr leu thr gly lys thr 


43 33: 
ATA ACC CTA GAG GTT GAA TCT TCC GAC ACT ATT GAC AAC GTT AAG WOA AAA ATT CAA GAC. ANG 
ile thr leu glu val glu ser ser asp thr ile asp asn val lys ser lya ile gin asp lye 


34 Msp I Mot 54 
GAA GOT ATË CCT CCA GAC CAA CAA AGA TTG ATC TIT GOG GGT AMM CAA CTA GAA GAT GOT ACA’: 
glu gly ile pro pre asp gin gin arg leu ile phe ala gly lys Bin leu glu asp gly ari 


55 


ROG CTG TOG GAC TAC AAY ATE CAA AAG GAS TOG ACT CTT CAC ETG GIC TTG AOG PTG AGG GGT 
thr leu ser asp tyr aan ile gin lye glu eer thr leu hie leu val leu arg leu arg: gi: 


76 
GGT fe TGA TCACTCCTCGCAATATITICATIATGTCAATATATATATATITACTCICCTITITTG! 
aly stop 


TTTGATAAATACTCCATAGAACACTAAATAAATTOITCAACTGIGTTATIGICTITATTCATCTTGGTITTCAAGAGC’ 


TTPTGAATCOTCTTATACT ATGACGTTCACTATTTTCGCGAACCCGGGTAATACCATTAGCT ATTTTGATAGAAAGGGA 


AT TAGGGAATATAACCACAATSTAAAGTGICCTATCATGTTTCAATCTCCAGTAAACGCACATAAGCCGACCAATTGAGTCAA 
èi 
CCTTTTAACTCTATTTAATTTGATACGGATAGAATATTGTGACTACCAAAAGGGAAAAGGCAGAAAAAAGG. s. 


“Ligation products of the desired size were then purified on an agarose gel, recircularized via Accl-Msp1 ligation, and transformed into E. coli 
IJMIO1. Phages from plaques which appeared white on plates containing Xgal and IPTG were amplified, and replicative form DNA was. 
prepared and digested with various restriction enzymes to verify its expected identity. Only the expected M13 subclones were obtained using 
the two-step ligation scheme described above, that is, all subclones had inserts of the same size as their ‘parental’ restriction fragments, and. 
the subcloned inserts were specifically oriented, with ubiquitin-coding sequences proximal to the universal sequencing primer site. This site” 
was used for sequencing roughly 280 nucleotides into each of the overlapping classes of the M13 subclones; the sequence in Fig. 2B was. 
compiled from four such sets of overlapping sequence data. Phage DNA was sequenced by the chain termination method as previously. 
described”, using (°°S-a]dATP (ref. 34). The ‘non-ubiquitin’ Asn residue encoded at the end of ubiquitin gene is boxed. Differences betwee 
the nucleotide sequences of the two ubiquitin-coding repeats nearest to the end of the coding sequence are indicated in the last repeat .b 

v shadowing. Note that all of the sequenced repeats encode identical amino acid sequences. A nucleotide sequence which resembles the consensus. 












© sequence for transcription termination in yeast”? is indicated by dots. 


the concept of a polyubiquitin precursor protein (Fig. 2B). The 
sequenced portion of the ubiquitin gene domain includes three 
and a half ubiquitin-coding repeats and three head-to-tail repeat 
junctions, each of which encodes Gly-Met, a putative site of 
processing, as inferred originally from the sequence of the pUBI 
insert (Fig. 2A, B). A nucleotide sequence resembling the con- 
sensus sequence for transcription termination in yeast’? is found 
160 bp downstream from the stop codon of the ubiquitin gene 
(Fig. 2B). 

Remarkably, only the last of the sequenced ubiquitin-coding 
repeats encodes 77 rather than 76 residues, characteristic of 
mature ubiquitin (Fig. 2B). The extra residue, Asn, is at the end 
< of a putative polyubiquitin precursor protein where it immedi- 
tely follows the C-terminal Gly residue of mature ubiquitin 
. 2B). By blocking the carboxy-terminus of the preceding 
_ Gly residue, the ‘non-ubiquitin’ C-terminal Asn could serve to 
- prevent participation of unprocessed polyubiquitin in reactions 
f ubiquitin-protein. conjugation. The properties of recently 

















biquitin-specific hydrolases from mammalian 
























cells*’-?? are compatible with their involvement in processin 
of polyubiquitin via cleavages at Gly-Met and Gly-Asn june 
tions. Complete sequencing of the ubiquitin gene domain (now 
under way) should show whether the putative polyubiquiti 
precursor contains any non-ubiquitin amino acid sequences 
other than the C-terminal Asn residue (Fig. 2B). Preliminary 
sequencing information (not shown) strongly suggests that the 
N-terminus of the putative polyubiquitin is identical to that of. 
mature ubiquitin, and confirms the above estimate of sixfold 
repetition of ubiquitin-coding elements. 
The polyprotein organization of the yeast ubiquitin gene is : 
novel because the polyproteins previously described are al 
either secretory” or viral”? gene products, and contain ‘spacer’. 
sequences discarded in processing. Furthermore, with the excep: 
tion of protein precursors to yeast mating factors, which in the 
case of a-factor**”’ contain four identical repeats of the m 
a-factor sequence separated by six to eight residue long space 
no other known polyproteins are internally repetitive to a- 
parable extent. 
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Fig.3 Structural analysis of yeast ubiquitin-coding sequences. A, 
diagrammatic representation of an insert-containing restriction 
_ fragment from the plasmid pUB2 (see text and legend to Fig, 2B) 
cut with PstI (top) and Hindili (bottom). The boxed segment 
-Andicates .the ubiquitin-coding domain; junctions between 
‘ubiquitin-coding repeats are shown as five horizontal lines within 
‘the box. These lines correspond to the arrowheads in Fig. 2. The 
sequenced portions of the insert (see Fig. 2) are indicated at the 
left by arrows which also denote the predicted direction of ubiquitin 
gene transcription. Restriction endonuclease sites: P, Pstl: E, 
“EeoRI; D, Ddel; B, BglIl; Hc, Hincll; H, HindIH. The asterisk 
at the bottom right marks the end-labelling site used in panel B 
(see also Fig. 2B). Wavy lines indicate vector DNA. B, periodic 
istribution of MspI restriction sites in the cloned yeast ubiquitin 
gene. C, structural analysis of ubiquitin-coding sequences in yeast 
genomic DNA. 
Methods: B, The plasmid pUB2 (see text and legend to Fig. 2B) 
was cut with HindIII, °*P-end-labelled with Klenow DNA poly- 
‘merase I fragment*’, then cut with PstI. The insert-containing, 
-end-labelled fragment was purified by agarose gel electrophoresis, 
partially digested with MspI and analysed by electrophoresis on 
a 2% agarose gel followed by autoradiography (panel B). Open 
_ attow (top), position of the end-labeled fragment uncut by MspI. 
This uncut fragment is diagrammed in panel A. The dashed lines 
‘between panels A and B point to positions of MspI cleavage sites 
“on the physical map of panel A, and connect these sites to the 
¿corresponding radiolabelled fragments seen in panel B. Dotted 
_lines are used to indicate a pair of MspI sites present in addition 
to the major set of repetitive MspI sites. C, Genomic DNA from 
Strain S288C was digested with restriction enzymes, elec- 
trophoresed on a 2.0% agarose gel, transferred to Gene Screen 
(NEN) and hybridized using gel-purified insert from pUBI as a 
probe. Restriction enzymes: lane a, Bgill and Hincll; lane b, 
_ Ddel; lane c, Mspl. An estimate of six ubiquitin-coding repeats 
is confirmed by the Ddel digest (lane 5): fragments at 0.8 and 
0.23 kb each contain exactly one repeat (see Figs 2B, 3A), and the 
prominent fragment at 710+ 20 bp spans just over 3 repeats, by 
estimate either of size or relative hybridization intensity, leaving, 
again by either of these criteria, ~$ of a repeat associated with the 
.45 kb fragment (see also Fig. 3A). D, ubiquitin-coding yeast DNA 
quences are present at a single genomic locus. DNAs purified 
_from the S. cerevisiae strain A364A (the same results were obtained 
with strain S288C) and from the AUB phage (see Fig. 2) were 
‘digested with EcoRI, mixed in varying proportions and elec- 
phoresed on 20.8% agarose gel, followed by Southern hybridiz- 
ation with the purified **P-labelled insert of pUB1, which contains 
exclusively ubiquitin-coding nucleotide sequences (see Fig. 2A). 
Only the hybridization pattern is shown. Lane a, 8.5 ng (one molar 
equivalent) EcoRI-cut AUB DNA; lane b, 2.5 ng (one molar 
equivalent) EcoRI-cut yeast DNA; lane c, 2.5 ug yeast DNA plus 
8.5 ng AUB DNA (1: | -molar ratio); lane d, 2.5 pg yeast DNA plus 
- 17g AUB DNA (1:2 molar ratio). Molecular weight markers (not 
shown) were used to deduce the lengths of ubiquitin gene-specific 
: DNA fragments. 
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Fig. 4 Comparison of the deduced amino acid sequence of yeast ae 
ubiquitin with that of ubiquitin in higher eukaryotes. The sequence 
given for human ubiquitin is identical to that of bovine, trout and 
insect ubiquitin'?"*, The amino acids of human ubiquitin are 
numbered from | to 76, beginning with its N-terminus, as defined 

by amino acid sequence data’. 


Another interesting feature of the ubiquitin-coding repeats is 
that although the sequenced repeats differ in up to 27 out of 
228 bases per repeat (Fig. 2B), they encode identical amino 
acid sequences (Figs 2 and 4). The predicted amino acid 
sequence of yeast ubiquitin differs in only 3 of 76 residues from 
that of ubiquitin in higher eukaryotes (Fig. 4). This striking 
evolutionary stability exceeds that of histones’? and’ other 
known proteins. 

Finally, recent experiments indicate that in mouse ts85 cells, 
which have a thermolabile ubiquitin activating enzyme’, a puta- 
tive polyubiquitin precursor protein is strongly induced at the 
nonpermissive temperature (D.F. and A.V., unpublished data). 
Thus, the apparently unique organization of the yeast ubiquitin. 
gene discovered in the present work may be characteristic also 
of ubiquitin genes in higher eukaryotes. Although the functional 
significance of the polyubiquitin gene organization is not yet 
understood, a number of competing hypotheses may now be 
addressed directly using the methods of yeast genetics. 
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books published in 1984. 


AFTER a flurry of activity over the past two 

to three years, the rate of appearance of 
“new books dealing with biotechnology 
“seems to have slowed down a little in 1984. 
` This is particularly evident in the reference 
< department. Nevertheless there have still 
"been a few landmark publications which all 
- biotechnologists. should know about and 
few libraries should be without. Those des- 
" cribed below are a personal (and far from 
<- comprehensive) selection of the best bio- 
technology reference books published 
_ during this year. 


: Best basics 


. PUBLIC awareness of biotechnology is 
_ growing steadily and at last there is a 
readable, accurate, up-to-date and 
balanced introductory account which can 
be recommended whole-heartedly to one’s 
non-scientist colleagues. It is cheating a 
little to include Steve Prentis’s 
Biotechnology — A New Industrial 
Revolution (Orbis, London/ George 
Braziller, New York; £9.99, $18.50) under 
© the heading of a reference work, but this is 
“van excellent book. to turn to for clear, 
simple explanations of the complex 
“scientific achievements of molecular 
biology. However Prentis also goes well 
beyond genetic engineering to look at many 
other aspects of biotechnology and their 
‘impact on society. The reader cannot help 
being caught up in the author’s manifest 
enthusiasm for his subject matter, but at 
the same time one can note with relief an 
absence of hyperbole and very few errors of 
fact. 


 Bergey’s bugs 


Few microbiologists will not know of 

>” Bergey’s Manual of Determinative Bactert- 
» ology, but anyone who has bought a copy 
jn the past few years may have been sur- 
“prised to notice that the current (eighth) 
edition was actually published in 1974, A 
Shorter Bergey’s Manual of Determinative 
Bacteriology did come out in 1977 
followed, in-1981, by a supplement to the 
1966 taxonomists’ handbook Index 
Bergeyana, but these were only stop-gaps 
and a new edition of the basic work has 
been badly needed for some time. To 
rectify the situation, Vol.1 of a massive 
new work, Bergey’s Manual of Systematic 
Bacteriology, was published earlier this 
year (Williams and Wilkins; $80, £77). 
John G. Holt is editor-in-chief, but the first 
lume contains contributions from more 
ian 125 scientists. In over 950 pages, H 
- proups of bacteria are covered (spiro- 
= chaetes, aerobic motile gram-negatives, 
motile curved gram-negatives, gram- 
ally aerobic rods, anaerobic rods, 










Boado bookshelf 


Anita Crafts-Lighty’s choice of the best biotechnology reference 
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sulphate/sulphur-reducing bacteria, anae- 
robic gram-negative cocci, rickettsia and 
chlamydia, mycoplasmas and endosym- 
bionts). Presumably gram-positives, 
spore-formers and others will be dealt with 
in Vol.2, which is scheduled to appear late 
next year. The first volume also has 
sections on taxonomy and nomenclature, a 
list of culture collections, an extensive 
(105-page) bibliography and an index. Its 
scope is far wider than the determinative 
manual although much similar material is 
included. This mammoth tome is not 
exactly light reading, but the book is 
unquestionably the most useful and 
detailed compendium of microbiological 
information available and a must for every 
library serving microbiologists. 


Boring but better sequences 


Nucleotide Sequences 1984 (IRL Press; 
£50, $75) must rate as the most boring bio- 
technology reference book of 1984 to read 
through; but that is not what it is designed 
for. This paperback work of 1,221 pages, 
divided between two volumes, lists over 
4,000 reported nucleic-acid sequences 
containing nearly three million bases. It is 
the first printed compilation of sequences 
in the European Molecular Biology 
Laboratory’s Nucleotide Sequence Data 
Bank (Release 3.0) and the Gen Bank 
Genetic Sequence Data Bank (Release 
17.1). Since the databases are updated 
periodically, the computer systems will 
often contain more information than the 
books, and, of course, these databases can 
be searched in more sophisticated ways 
than a printed compilation. But for those 
without computer access or for the 
occasional “Has this gene been sequen- 
ced?” enquiry, the printed compendium 
will be of great value. The entire text is 
reproduced from a computer printout, 
which leads to admirably concise entries, 
though there is still room for better presen- 
tation in a number of minor ways. For 
example authors’ names should surely be 
capitalized. Sequences are grouped by 
source (mammalian, other vertebrates, 
invertebrates, plants, organelles, bacteria, 
structural RNA, viruses, bacteriophages, 
synthetic and so on) and there are author 
and keyword phrase indexes, plus indexes 
relating the ‘‘entry names’’ used in the 
databases to the accession numbers used in 
the book. 


Biotech business 


One of the most widely quoted biotech- 
nology documents.of 1984 is the United 
States Office of Technology Assessments’ 
report Commercial Biotechnology — An 
International Analysis (US. ‘Government 








Printing Office $20). For those concern 
with science policy and history, this isan. 
invaluable reference tool, although it con- 
tains far fewer handy market figures than 
the OTA’s 1981 report, The Impacts of 
Applied Genetics. Obviously, the publica- 
tion is aimed primarily at an American 
audience, and it is therefore somewhat 
biased in its outlook, but it still represents. 
an excellent in-depth summary of the pos 
tion of commercial biotechnology world 
wide at the beginning of 1984. : 



































































British biotech directory 


IN the interests of strengthening B itis 
biotechnology, the Biotechnology Unit 


Chemist (part of the United Kingdom’ 
Department of Trade and Industry): le 
year commissioned a directory coverin 
British biotechnology companies and ai 
demic institutes. The result is The 798: 
Directory of British Biotechnology 
(Cartermill Publishing, PO Box 33, St 
Andrews, Fife, UK; £48.50). Venture capi- 
tal firms, contract research organizations, 
equipment suppliers and engineering cor 
tractors are all included, but the coverag 
of university laboratories and research 
institutes is somewhat more limited. Th 
entries are accurate and quite up tod 
and the book is nicely presented and eas: 
read. A perfectionist might ask for lon; 
profiles, and a clearer distinction betw 
product producers and contract researc 
organizations, but these are minor fa 
in what is one of the best reference books c 
its type. 


And the future? 


THE ratio of commercially-orientated. to 
scientifically-orientated books in this 
selection is probably indicative of theneeds 
of biotechnology tomorrow. Looking 
towards 1985 and beyond, I would like to 
see more attempts to describe 
catalogue the numerous cloned ge 
expression vectors and monoclonal an 
bodies around, and more opinions of the 
strength of the patents being carefully fi 
by so many researchers and compani 
Some comprehensible books on regulato! 
affairs, and more down-to-earth advice on 
the effective management of innovati 
and on academic liaison techniques, would 
be welcome too. Downstream processing, 
scale up and plant genetic engineering ar 
also important areas of biotechnology 
where scientific advances are speedi 
up but the reference shelves remain too 
bare. 

Many claim that biotechnology will 
the most important industry of the twenty 
first century and certainly resear 
progress continues to astound — it shou 
hold an equally bright future for support | 
activities such as publishing, and that. w. 
be to the benefit of all concerned. 





Anita Crafts-Lighty is Information Man er 
Celttech Lid, Slough, Berkshire. 












ho does what, and where? 
John Galloway 


Who’s Who in Science in Europe: A Biographical Guide in Science, Technology, 
kgriculture, and Medicine, 4th Edn. 

ongman/Gale Research; 1984. Three volumes, pp.2,556. £295, $500. 

Medical Research Directory. 

dited by Jean Elizabeth Levy. 

ley: 1983. Pp. 730. £85, $170. 

{edical Research Centres: A World Directory of Organizations and Programmes, 

‘Edn. 

sonsultant editors Leslie T. Morton and Jean F. Hall. 

ongman/Gale Research: 1984. Two volumes, pp. 1,087. £175, $320. 

Vorld Guide to Scientific Associations and Learned Societies, 4th Edn. 

Edited by Barbara Verrel and Helmut Opitz. 

"G: Saur Verlag, Munich and New York (distributed in Britain by Library Assoc- 
ion Publishing, 7 Ridgmount Street, London): 1984. Pp.947. DM268, $1 12, £80. 

















































NCE, we all appreciate, is public 
knowledge and its most apparent property, 
other than being quite inscrutable to mem- 
ers of the public and largely disassociated 
m them, is how much of it there actually 
;, UNESCO and the International Council 
f Scientific Unions recognized the 
roblem when in 1971 they published a 


endations were made but they did not 
de registers of scientists or even labor- 
ries. At least not explicitly. But a 
umber of publishers have thought it 
orth a try. 
Where does one start in trying to assess a 
mall sample of such registers? First of all, 
t possible to get at the raw numbers of 
ientific and technological manpower? 
ell, yes, up to a point. UNESCO's office 
Statistics produces world-wide figures 
these, though the last tables I could get 
were: published in 1980. The total world 
Scientific and engineering manpower 
comes out at about 33 million, but the sorts 
of figures here do not simply refer to active 
research scientists publishing their findings 
in the open literature. Ominously, Britain 
doesn’t feature in the analysis (I didn’t 
realize things were so bad; perhaps no one 
could be bothered to fill in the form when it 
je round). 
Suppose you. are interested in more 
just numbers — you want to know 
the. quality is like. This is even 
T. You can go for members of the 
ous national academies of science, for 
ample, where membership is by election 
unds of merit — not foolproof of 
urse. After that you are firmly in Who’s 
ho land and for the purpose of this 
w. Who's Who in Science in Europe. 
his used to be published by Francis 
dgson but the latest edition comes from 
gman. There are 25,000 scientists 
named (compare this with the UNESCO 
eof 4,800,000, excluding Britain), 
vith biographical details on about half of 
hem. The rather similar American Men 
and Women of Science lists 130,000, about 





one in twenty of their UNESCO total. 

Well, who is who in European science? 
Quite clearly it is the heads of laboratories 
and of the larger university departments. 
The compilation started with Longman’s 
own two-volume European Research 
Centres which seems to list about 18,000 
government laboratories, departments 
spending more than £50,000 a year, and 
some public and private laboratories. This 
was supplemented by an exercise based 
upon details of most of the authors of 
scientific books in the past five years, and 
also by sending out 50,000 enquiry forms to 
other senior scientists of whom about a 
quarter actually replied. Those who did not 
respond, but for whom some information 
was available, end up as brief entries. So 
the two problems of compiling this sort of 
reference list are revealed — first how to 
choose who to seek information from, and 
then to get a decent rate of replies. The 
consequence is that the quality of the 
information is rather variable. In the field 
of neuropharmacology it is in fact 
misleading —- neither Neher or Sakmann 
(the inventors of patch clamping) figure, 
Rang’s move from the chair of Pharma- 
cology at University College London to be 
Director of the new Sandoz Institute is not 
recorded, and Leslie Iversen appears twice, 
first as L.L. and Director of the MRC’s 
Neuropharmacology Unit in Cambridge 
and then as Lars Leslie and Director of the 
new Merck, Sharp and Dohme Neuro- 
sciences Institute —- someone should have 
picked that up, even given the long 
gestation period of such books. 

The next question is who consults 
something like this. Cynically I thought it 
was the scientists whose names are 
included. Longman cheerfully admit a 
cheap offer to those who appear was part 
of the pitch, but in the end they expect to 
sell about 1,500 copies to libraries, mostly 
in Europe but a fair proportion through 
Gale in the United States. Librarians I 
spoke to — admittedly not a large sample 
— would very much like to have it simply as 
a guide to the more successful and still 








relatively active scientists. And for Europe 
there really isn’t anything else. Still, it 
would be nice to have a Good Scientists. 
Guide as well as one for top scientists, that 
is to say scientists who have achieved 
administrative positions. This one is really 
just a guide to personalities. Lack of 
anything but a rudimentary index prevents 
it from being anything more. 

If you simply want to associate scientists 
and subjects, the best way into the 
labyrinth is through the Science Citation 
Index and the Permuterm Subject Index- 
which are available as computerized 
databases. The only biographical database 
is American Men and Women of Science, 
available through DIALOG; there is 
nothing for Europe. 

So much for who, what about where? If 
you do want a more detailed picture of 
science and the scientists doing it then the 
price that has to be paid is a narrowing of 
scope — of subject or geography, or both. 
For the Commonwealth there is the 
Commonwealth Universities Yearbook, in 
four volumes, a bald listing of the staff 
members in universities from Australia to 
Zimbabwe. In Britain the British Library 
publishes annually the three-volume 
Research in British Universities, 
Polytechnics and Colleges (RBUPC). The 
1984 edition is just out and seems pretty 
comprehensive with nearly 50,000 
scientists mentioned and a detailed 
breakdown of research by department, 
broad subject heading and project. (In 
France this sort of information is available 
on the Labinfo and CNRS databases.) A 
further narrowing by subject is apparent in 
Wiley’s Medical Research Directary which 
uses a breakdown very similar to the 
RBUPC. It features the research of 650 
different institutes, using 45 broad subject 
headings, subdivided first by departments 
and then by projects. The index contains 
17,000 names and 22,000 terms. 

In principle you might penetrate British 
medical research with this volume and 
identify scientists with particular research 
interests, On the other hand the breakdown 
by subject is whimsical. Neuroscience gets 
only four pages. It includes, correctly, 
three research divisions at the National 
Institute for Medical Research but gets 
only four out of 21 of the MRC neuro- 
sciences units. Leslie Iversen features again 
as Director of the Neurochemical 
Pharmacology Unit in Cambridge — he 
resigned some eighteen months ago; and 
half of the Unit’s senior scientists 
mentioned are no longer there. Dr J.B. 
Brierley, a neuropathologist stated as being 
at the MRC Laboratories at Carshalton, 
has been retired for at least three years. The 
main flaw, obviously, is that much of what 
is listed is undeniably out of date. To be 
quite fair the publishers say they have 
deliberately included. recent as well as 
current research, but that does not really _ 
draw the teeth of the criticism. And given «_. 
the magnitude of this problem, it is almost... 








Surprising that publishers try to compile 
uch directories at all. What they should do 
of course — and what in fact Wiley do now 
do — isto provide the information through 
-On-line databases. These are much easier to 
keep up to date and can be searched far 
more effectively than their printed counter 
parts. 
= The price paid for broadening the geo- 
_ graphy, while keeping the general scope, is 
<a loss of detail. Longman’s Medical 
< Research Centres covers 11,000 lab- 
oratories and organizations including 
~ charities, commercial laboratories and 
-individual university departments world- 
wide, arranged alphabetically and by 
country. A broad idea of the interests of 
“each one can be obtained, quite often 
together with the yearly budget. Commerc- 
jal laboratories seem a bit coy about theirs. 
Again in those areas where I had detailed, 
up-to-date information, I found these 
volumes tended to be out-of-date — and 
sometimes things were not spelt out very 
= well. My favourite entry, other than Dr 
< Iversen’s traditional two, was that the 
Medical Research Council employs 106.5 
million graduate staff. The head of 
personnel is right to worry about over- 
manning! 
My favourite among all these four 
works, though, is Saur Verlag’s World 
Guide to Scientific Associations and 
Learned Societies, one volume listing 
oe 22, 000 organizations in all fields, science, 
technology and the other cultures; very 
tholic, T could have read it for hours. 
‘Here one encounters the American Under- 
ground-Space Association (not hollow- 
--earthers, but engineers), And what about 
< -the Disinfected Mail Study Circle or the 
© Japanese Correctional Association — it 
may just refer to the language but I am not 
“gure. This book seemed to me to be truly 
valuable as a means to cultural insight, but 
most of the entries are in the language of 
their country. of origin and are usually 
smot translated. Also provided is an 
“-§,000-entry index of the abbreviations for 
the associations, and then a breakdown by 
_ subject, another fascinating compilation. 
_ Under humanities, Britain rates only one 
entry along with Togo, Upper Volta, Iran 
= and Israel, whereas. France has 16 and the 
: USSR none. 
= There is a fair overlap between this 
volume and the excellent The World of 
. Learning, published by Europa, which lists 
- 24,000 universities, museums and learned 
societies, for instance, and gives a fair 
< amount of detail about each, managing to 
get in roughly 150,000 of the people assoc- 
iated with them; a new edition for 1984-5 
comes out soon. But the strength of Saur’s 
World Guide is its breadth — the placing of 
C the-large “‘official’’ organizations in a 
roper context of grass-roots societies. 
jence indeed is more than main-stream 
stitutional research. a 
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China: the promise 
and the problems 


Gregory Blue 








Science and Technology in China. 
By Tong B. Tang. 
Longman: 1984. Pp. 269. £45, $85. 





CHINA’S science and technology have 
developed rapidly since 1949, and in 
particular since the National Science Policy 
Conference of March 1978 which aimed at 
bringing China to advanced international 
levels by the year 2000. In this contribution 
to Longman’s Guide to World Science and 
Technology series, Tong B. Tang (Deng 
Tang-bo) presents us with a concise, up-to- 
date account of the state of play in those 
fields of applied science and sophisticated- 
to-intermediate technology designated for 
priority development at that conference. 
This volume thus nicely complements the 
collaborative work, Science in Contem- 
porary China edited by Leo A. Orleans 
(Stanford University Press, 1980), which 
surveyed the entire range of pure and 
applied sciences down to the end of the 
1970s. 

Following a general introductory analy- 
sis of science policy, organization and 
funding, the author proceeds in 
subsequent chapters to examine agricul- 
tural and environmental research, the earth 
sciences and mineral industries, energy 
science and technologies, as well as 
transportation and information technolog- 
ies. For the chapter devoted to the 
biomedical sciences valuable contributions 
have been elicited from Hong Guo-Fan and 
Jin Neng-Ren, who write respectively 
about basic research and clinical practice. 
Aninterpretive sketch on science and social 
change in China by John Collier fills in the 
basic historical background in Chapter 2. 
The final chapter helpfully (though 
unusually) gives an exposé of the state of 
science and technology in Taiwan. One 
might also have liked to see included a 
similar chapter on Hong Kong 
(Xianggang, in the pinyin rendering of the 
standard pronunciation); but this is not a 
serious lack, since knowledge of work done 
there is already quite accessible. 

The author takes due care to identify key 
institutes, to note which ones have been re- 
organized in recent years and to describe in 
some detail the work being done at each. 
Indication is given of those areas (such as 
microsurgery, earthquake prediction and 
satellite tracking and recovery) in which 
Chinese scientists have already attained 
advanced world levels. The author also 
points out that, having started from a very 
restricted industrial base before 1949, 
China has recently overtaken Japan as the 
world’s foremost manufacturer of radios; 
she also now ranks as. the fifth-largest 
producer of steel, although certain high- 


grade types still remain beyond her 

















































































competence. As in the Soviet Union, 
performance in the pure sciences. is 
generally impressive. Like both the Soviet 
Union and Japan, however, China faces 
considerable problems in several areas in 
moving from basic research through the 
realm of research and development and 
into that of economic operationality. And 
Chinese technological capacity remains 
low in some crucial economic sectors, 
example, in the coal industry 40% of 
faces are still unmechanized; and there ai 
grave shortages in the transportation a 
energy sectors. Given present priorities. 
however, such circumstances may well | 
dramatically changed by the end of. 
century. 
Chinese modernization in the ME pos 
Mao years was predicated on a policy of 
massive and sometimes ill-considered tech- 
nology transfer from the industrialized 
countries, In recent years this policy has 
been replaced by one of more selective 
transfer, often under the auspices of 
agencies of the United Nations. Emphas 
seems to have swung towards importing a 
restricted number of examples of a 
particular technology and of using native 
expertise to appropriate it to Chinese 
conditions. 
One supposes that, after a lag of several 
centuries, the task of bringing Chinese 
scientific and technological standards bai 
up to international levels in most maj 
fields will require a few generations: mo 
Much progress has already been. boo 
however; in the light of China’s hum: 
resources and history, it would be* st 
prising if it were not to continue. At pres 
it would seem ill-considered to keep: oneself 
in the dark about the work of Chinese 
scientists, for there are few fields in which 
they have not made significant break 
throughs, as the volume under review 
shows, 
Despite the diversity of its technica 
subject-matter, the presentation in Science 
and Technology in China is clear, concis 
and in general easily readable, thoug! 
perhaps more attention at the sub-ed 
stage would have been in order. Conscie! 
tious internal cross-referencing togeth 
with efficient subject — and institutional 
— indexes make it a useful reference 
work. 








Gregory Blue is a research associate at’ the 
Needham Research Institute, Cambridge, UK, 
and a collaborator on the Science an 
Civilisation in China project. 





@ Other titles published in the Longman Guide 
to World Science and Technology series. deal 
with the Middle East (by Ziauddin 
Sardar; reviewed in Nature 302, 359; 1983) 
Latin America (compiled by Latin American 
Newsletters) and, most recently, Japan (by Alu 
M. Anderson). 

Later volumes will cover the United Kingdom, 
South-East: Asia, the Indian Subcontinent, th 
United States, and Australasia, Antarctica ne 
the Pacific. 
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Russian - English Translators’ 
Dictionary: A Guide to Scientific 
and Technical Usage, 2nd Edn. 

y Mikhail Zimmerman. 
Wiley: 1984. Pp. 544, £31, $59.95. 
Dictionary of Scientific and 
Technical Terminology: English, 
rman, French, Dutch, Russian. 
Edited by A.S. Markov et al. 
Martinus Nijhoff: 1984. Pp. 496. 
1.90, $34.50, £22.95. 





DICTIONARIES, and technical dictionaries 
in particular, must surely be judged not 


of their contents, but also on how far they 
serve the needs of their intended users. 
These two volumes, very different in 
intention, differ too in their achievement 
of that aim. 

-Zimmerman’s Translators’ Dictionary 
as been a standby for the professional user 
-since its first appearance in 1967. It is nota 
rmal dictionary, listing not so much 
dividual words and concepts, but the 
constructions linking them and the idio- 
atic turns of phrase which transform a 
piece of translationese into a readable text. 
Constructions are indicated by an example, 
isually a complete sentence, with the 
words in question printed in bold. Thus: 
‘OTVERGAT?’ GIPOTEZU: By 1950, the 
etranucleotide hypothesis had been 
verthrown, (or ruled out, or rejected)’’. 
This format is particularly helpful in 
ping with those Russian words which 
ave a number of near-synonymous 
enderings. No less than seven examples are 
isted for ‘‘vrashchat’sya’’ in its various 
eanings of to rotate and to revolve, while 
the derived phrase ‘‘vrashchat’sya 
Okrug osi” we have this splendid example: 
“Like an airplane, an insect can roll 
round its longitudinal axis, pitch around a 
orizontal axis perpendicular to its direc- 
jon of flight, or yaw around a vertical 


A dictionary of this type cannot be 
mployed without a good special-subject 
ctionary for the text in hand. In com- 
ination with such a work, however, 
immerman’s Translators’ Dictionary has 
een proving its worth for almost 20 years. 
new, updated edition will come as a 
oon to the younger generation of trans- 
ators who, until now, have been obliged to 
rk with library copies unless fortunate 
enough to inherit a copy from someone 
about to retire from translation. 

- Lycompiling their book, Markov and his 
colleagues have attempted to produce a 
‘general purpose” dictionary, based on 
the vocabulary ‘‘pertaining to general 
study courses ... given in technical colleges 
irrespective of their specification’’. 





only on the accuracy and contemporaneity | 


Revealing as this is ‘of the broad ‘A nature of 
such courses in Russian colleges (opening 
at random, one observes, pp. 62-63, that 
students have to be conversant with such 
varied concepts as cloud-chambers, co- 
factors, cold-working and collapsars), the 
result is a somewhat confusing conglom- 
eration. Too many concepts are included 
for the book to be of more than partial use 
to anyone but a professional translator, 
who would, presumably, prefer a spec- 
ialized dictionary for each topic. 

Amore serious complication stems from 
the fact that English is chosen as the main 
language (with cross-references in the other 
languages). This raises the difficulty of the 
differences between British and American 
spelling, which has here resulted in some 
odd inconsistencies. Both ‘‘center’’ and 
‘centre’ are listed, ‘‘center/centre of 
gravity” occurs with both spellings, but 
“center rest’’ and ‘‘centre of curvature” 
occur only once. Moreover, ‘‘center’’ is 
rendered as ‘‘centrum’’ in Dutch, while 
‘centre’? can be either “centrum” or 
“‘middelpunt’’; and although ‘‘center of 
gravity” is ‘‘gravetatiecentrum’’, ‘‘centre 
of gravity” becomes, for some reason, 
“zwaartepunt”. The compilers also have 


a somewhat archaic view of English — wa 









it really necessary to list ‘quicksilver’? —- 
and seem to have a marked reluctance to. 
list an adjective without a noun; thus, the 
adjective ‘mathematical’ occurs six 
times, grouped with ‘‘expectation’’, 
“‘induction’’, ‘‘logic’’, ‘‘model’’, 
‘“‘pendulum’’ and ‘‘programming’’, al- 
though all the qualified nouns occur else: © 
where (in some form) in the Dictionary and: 
all are rendered by a straightforward’ 
noun + adjective construction (save for the. 
German Erwartungswert which is allowed ~ 
to drop its adjective). 

The listing of complex phrases, though - 
essential in a work such as Zimmerman’s 
intended for the translator who has to pay 
attention to style, is unnecessarily cumber- 
some in a work meant for ‘‘scientists and 
engineers” whose need primarily is to read 
and understand professional material. It is 
particularly awkward in this book where 
the five-language format has led to crowd- 
ing and illegibility which is further exacer- 
bated by the generally cramped and 
unattractive layout. g 








Vera Rich is a freelance journalist and translator 
specializing in Eastern European affairs. 
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Concise Science Dictionary. 

Edited by Alan Isaacs, John Daintith and 
Elizabeth Martin. 

Oxford University Press: 1984. Pp. 758. 
£12,95, $22.50. 





THE world’s best-known lexicographer, 
in defining the word ‘‘dull’’ for his 
Dictionary of the English Language, gave 
as an example ‘‘To make dictionaries is dull 
work’’. One test of a dictionary is whether 
this shows through in the reading of it: 
would anyone choose to read it for pleasure 
and education, or only as a last resort when 
baffled and irritated by an unfamiliar 
word? 

Much depends on the enthusiasm of the 
compiler, and it is probably inevitable that 
acommittee job such as the present volume 
will be less fascinating (though more reli- 
able) than the idiosyncratic brainchild of a 
single author. The editors have, however, 
achieved their well-defined aim of pro- 
viding a handy and readable book of refer- 
ence for school and first-year university 
students, and for laymen who want to 
know the meaning of the commoner scien- 
tific terms. A Nature reader bemused by a 
title such as ‘‘Stimulation of 3T3 cells 
induces transcription of the c-fos proto- 
oncogene” will at least be able to look up 
“transcription”? and ‘‘oncogene’’, plus 
about one word in ten of the text of the 
article itself. 

There are over 7,000 definitions (which 
could, incidentally, have been augmented 





by omitting the spaces between entries); 
line drawings and tables are included where 
necessary, and there are useful appendices 
on units, fundamental constants and 
so on. One passes from ‘‘bark’’ to the 
“‘Barkhausen effect”, and from ‘plate 
tectonics” to “platinum”. The content is 
severely practical, so that although the 
quark is defined one looks in vain for the 
derivation of this intriguing word (it was, in 
fact, lifted from James Joyce’s Finnegans 
Wake). The philosophy of science is not 
covered, so that Occam’s razor and other 
concepts of incalculable value to the 
budding scientist are not mentioned; 
reduction in the chemical sense is defined, 
but reductionism is not. 

It is interesting to note how some ord- 
inary English words are used by specialists 
in different disciplines for quite different 
purposes: ‘‘accommodation’’, for inst- 
ance, has three distinct definitions in 
animal physiology, botany and animal: 
behaviour, One may quibble about the rel: © 
ative emphasis given to different entries — 

a dictionary offers unlimited scope for) 
quibbling — but this probably again 
reflects the multi-author genesis of the 
work. While Ohm’s law clearly deservesthe 
paragraph devoted to it, one may question > 
whether the ohmmeter (a meter with which 
you measure ohms) warrants an entry of 
the same length. On the whole, though, I 
think the book will successfully fill an 
obvious gap in the market, and will find its 
way into the Christmas stockings of young 
scientists of ages nine to ninety. g 





Michael Spencer, formerly in the Department of © 
Biophysics at King’s College, University a we 
London, is now afreelance writer. 







































































Dictionary of Ceramic Science and 
- Engineering. 

By Loran S. O’Bannon. 
Plenum: 1984. Pp.303. $45, £42.75. 








“CERAMIC science and engineering is one 
of the oldest yet one of the newest, fastest 
owing ... of man’s endeavours”. Dr 
O’Bannon begins his preface to the Dic- 
tionary of Ceramic Science and Engineer- 
g with this comment, and therein lies the 
_ problem for the etymologist. Ancient ori- 
= gins and the speed with which ceramic 
science. is expanding and incorporating 
| terms from associated disciplines make it 
impossible to provide a definitive com- 
< pilation. 
«Dr. O'Bannon recognizes these prob- 
lems, and based on his wide experience of 
the subject he has made a brave attempt at 
providing a reference book to suit several 
tastes. In so doing, however, he has fallen 
between several stools. The Dictionary is 
not detailed enough for the professional 
ceramist and yet is too detailed for non- 
< “geramists. Extensive sections are devoted 






































Business in science 
: , Clocksin 








-Dictionary of Computers, Data 
© Processing and Telecommunications. 
“By Jerry M. Rosenberg. 
Wiley: 1984. Pp. 614. Hbk £29.95, 
$29.95; pbk £14.95, $14.95. 
Dictionary of Computing. 
Oxford University Press: 1984, Pp. 393. 
£15, $25, 





. AT ONE and the same time computing is a 
thriving academic subject, a growth 
„industry as well as a new hobby for many. 
< Computer science, in which the funda- 
mental principles of computation are 
_ studied, is a subject area of prime interest 
An universities and research centres. There 
~ has been explosive growth in the appli- 
cations of computing to business prob- 
lems, including. commercial data proces- 
sing, telecommunications and the tech- 

- nology of information handling. Such a 
- rapidly expanding and diverse field calls 
«for up-to-date reference books which bring 

“together the principles with the practice. 

“The large Dictionary of Computers, 
` Data Processing and Telecommunications 
~isonly partly a success. Containing more 
“than 10,000 entries, it is directed mainly 
“towards the commercial applications. 
Aany entries are in fact extracts from other 
dictionaries and technical standards doc- 
uments, .while others are a mixture of 

; marketing slogans and singular neolog- 
pe isms; I am uncertain whether itis justifiable 




















REFERENCE BOOKS 

to rare earth compounds but the data are of 
limited value. The information on applica- 
tions is useful but the representation used 
in giving chemical data is misleading; for 
example, the ‘‘silicon carbide composite” 
SiC.Si,N,4, molecular weight 180.28, 
would be taken to imply a chemical 
compound of one molecule SiC and one 
molecule Si,N,, but which does not in fact 
exist. 

The book is dedicated to promoting the 
standardization of terms in ceramic science 
and engineering and any attempt in this 
direction, particularly in a trans-Atlantic 
context, is to be commended. The biblio- 
graphy provides a useful source from 
which to follow up the information con- 
tained in the text. Dr Johnson remarked 
that ‘‘making dictionaries is dull work”, 
but omitted to mention that when made 
they are useful; in both senses this volume 
is no exception. Readers will no doubt find 
definitions with which they disagree, but 
sufficient reason for buying the book 
is that there is no better alternative 
available. ae ta) 





Alan Hendry is Joint Director of the Wolfson 
Research Group for High Strength Materials 
and a Lecturer in Metallurgy at the University of 
Newcastle upon Tyne. 
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to confer respectability on such terms by 
documenting them inthis way. Typograph- 
ical errors are in evidence, and there are 
some spectacular blunders, such as equat- 
ing the ‘‘holes’’ in semiconductor materials 
with the holes punched in paper cards. 
Together with other examples, this rein- 
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Picture “magnetic tape” and “read head”! (Repro- 
duced from the Cambridge Illustrated Thesaurus of 
Computer Science, by Arthur Godman, published by 
Cambridge University Press price £4,95,) 





forces my impression that the author does 
not know the territory well. 

I prefer the Dictionary of Computing. 
With about 3,800 well-chosen entries it is 
much smaller than the previous volume, 
but it is superbly edited, with instructive 
entries and intelligent cross-referencing. 
Terms in computer science are strongly 
represented, but the commercial world of 
data processing is not ignored. Unlike 
Rosenberg’s book, some entries include 
useful drawings and tables. This is a val- 
uable and reliable reference for the student 
as well as the computing professional. 





W.F. Clocksin is an Assistant Director of 
Research at the ‘Computer Laboratory, 
University of Cambridge. 












































































In terms of computer 
graphics 
Julian Gallop 








Dictionary of Computer Graphics. 
By John Vince. 

Frances Pinter, London/Knowledge 
Industries Publishing, White Plains, New 
York: 1984, Pp, 132, £15, $34.95. 





ONE might expect a dictionary. or 
technical topic to contain rather forms 
definitions of a number of terms. I 
Dictionary of Computer Graphics Jot 
Vince does indeed follow the structure of 
alphabetically ordered entries, but he 
chosen to unite them in a descriptiv 
manner with generous use of figures. Th 
gives a good introduction to the cho 
topics, even if a few entries are rath 
longer than is usual in a dictionary. Ther 
a slight danger in the simplicity that thi 
encourages; for example, a statement mad 
under ‘‘hidden-line removal” about . 
regular polyhedron can in fact be mad 2 
with more generality about a convex pt 
hedron and would give more insight i 
the reasons for the statement. However t 
overall style does encourage the reader 
explore the book. 

My reservations are mainly abéut ‘th 
organization of the Dictionary and. 
selection of terms for inclusion. The 
cases where the specific can be cons 
but not the general; for instance ôl 
look up Bézier curves (and patches) but 
discover that B-spline i isan alternative teci 
nique described in the book — if cur 
fitting were an entry it could refer.to bot 
In a field where terminology has not stabi 
ized, and several terms are used for simil 
concepts, a dictionary has a duty.to reco 
them, bécause the reader will come acr 
those terms elsewhere; thus picture plane 
defined in the context of two-dimens 
projections of three-dimensional. scene 
but not projection plane or view plan 
which are used in a well-regarded textbo 

Some terms used internally are ni 
defined, while others are defined 
group; thus PAL, the method of encoding 
television signals used in Britain: 
described but cannot be looked up because 
it appears under NTSC which is the 
American system. The person learning to 
program some computer graphi 
applications will not find any mention. of 
such commonly accepted terms as segmen' 
viewport or pick. Possibly the book is no 
intended for such people. 

The Dictionary could, then, have bee: 
more thorough and balanced. But it. is 
attractively written and presented, and 
conveys an infectious enthusiasm for the 
subject. g 





Julian Gallop is a Senior Scientific Officer i int 
Computer Graphics Section at the Ruthe 
Appleton Laboratory, Chilton, Oxfort 














































McGraw-Hill Encyclopedia of Chemistry. 
_ Editor-in-chief Sybil P. Parker. 

_ McGraw-Hill: 1984. Pp. 1,195. $76.50, 
£48. 50. 

n Nostrand Reinhold Encyclopedia of 
Chemistry, 4th Edn. 

Editor-in-chief Douglas M. Considine. 
Van Nostrand Reinhold: 1984. Pp. 1,082. 
$89.50, £95. 





HERMES Trismegistos, the Egyptian 
emist (and god), was reputed to know 
éverything and to have written it all down 
1. 36,525 volumes. Latter-day Hermes 
must contend with publishers, pockets and 
profits, and must confine themselves to a 
000 pages or so. But given that these two 
fty. volumes do summarize the present 
tate of chemistry (a question we return to 
ater), what impression would we take 
ay from them about the range of the 
ubject and its present achievements? 
First, a few facts. The McGraw-Hill 
ersion (henceforth Hermes-M), cuts 
chemistry into about 800 pieces. The van 
strand version (Hermes-N), slices more 
inely, and ends up with around 1,300. 
ermes-M is extracted from the fifth 
tion of the McGraw-Hill Encyclopedia 
if Science and Technology (1982). 
lermes-N claims to be fully revised and 
uch enlarged from the earlier editions, 
ith about 90% of the material being new. 
th Hermes wear the hats of specialist 
contributors from around the world; but 
while M ascribes every entry to its author, 
Nis much more coy and many pages some- 
mes pass before a name appears. I very 
much prefer M’s approach in this respect: it 
ds helpful to see an attitude subscribed by 
authority, especially if it conflicts with a 
prejudice. Moreover, if a point seems 
questionable, it is useful to know that the 
apparent cross-support from another entry 
is written by another hand. 

Quite different impressions of chemistry 
are obtained at first glance. Hermes-N is 
nventional in appearance with a some- 
what muddy page; the line drawings are 
ateurish and poorly labelled. Hermes- 
on the other hand, is much more 
ng in appearance, with a page that 
Oks inviting, neatly tinted boxes display- 
Structures, and well-drawn illustra- 
Both have quite good, but not 
perfect indexes, which are essential in 
works as big as these. Here N wins hands- 


so. newly published by McGraw-Hill is 
McGraw-Hill Dictionary of Chemistry, 
aining terms and definitions selected from 
rd (1984) edition of their Dictionary of 
cientific and Technical Terms. The chemical 
iclionary includes more than 9000 terms with 
‘emphasis on the vocabulary of theoretical and 
applied chemistry, and costs $44.95, £28.50. 





M. The smaller count reflects M’s lower 
density of cross-referencing; for example, 
“orbital”’ does not appear as such in M, 
but has to be sought under “molecular 
orbital’’, which is not quite helpful 
enough, at least to a non-specialist. 

It is once we move beyond first impres- 
sions that we get strikingly different visions 
of the present state of chemistry, From N it 
seems that a chemist is one who knows 
about sphene, spinel, spodumene and 
spray drying (to take a page at random). A 
page more typical of M contains second- 
order transition and SIMS. Hermes-M 
knows not of spodumene and spinel. 
Hermes-N is free of SIMS. 

Hermes-N is the traditional fellow, the 
god of foremen, plant managers, geolo- 
gists and agriculturalists. N is largely the 
god of the technological chemist (who 
might understand his old-fashioned units). 
While N gives some helpful synoptic 
surveys of large fields (antibiotics for 
example), which are missing from M, there 





are some bizarre judgements. Why nomen 

tion, for instancé, of NMR, probably the: 
single most important physical technique 
available to chemists? Why six pages with 
do-it-yourself style diagrams on the 
fabrication of optical fibres? ' 

Hermes-M, on the other hand, is a much 
more academic god. He seems to know 
little of traditional chemistry but a lot 
about spectroscopy, vinylogy and oscil- 
lating reactions. No nut-shell carbon for” 
him. 

For information about traditional chem- 
istry, and particularly chemistry with a 
technological tinge, then Hermes-N is 
appropriate but a bit old-fashioned. For 
information about modern aspects of 
chemistry, with an up-to-date view of its 
current achievements, then Hermes-M is 
undoubtedly the better source (and, at the 
price, the better value). a 





P, W. Atkins is a Fellow of Lincoin College and 
University Lecturer in Physical Chemistry at the 
University of Oxford. 
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Biographical Dictionary of Psychology. 
By Leonard Zusne. 

Aldwych Press, 3 Henrietta St, London: 
1984. Pp.563. £47.50, $49.95. 





ABRAHAM, Karl (German psychoanalyst) 
to Zwaardemaker, Hendrick (Dutch oto- 
laryngologist), but this is far from being 
just a dictionary of psychologists. Zusne 
has provided an excellent source of refer- 
ence to the intellectual history of psycho- 
logy: 544 brief biographies which, taken 
together, trace the development of ideas 
from Thales, Pythagoras and Heraclites, 
through the mediaeval scholastics and 
Arab philosophers, to the origins of 
modern science and the emergence of 
psychology as a distinct discipline. 

Each entry has a common format: place 
and exact dates of birth and death; highest 
degree awarded; positions held; then sev- 
eral paragraphs describing and evaluating 
the work of the person concerned and its 
significance for psychology; and finally a 
bibliography of fuller biographies of the 
individual. 

One can thus use the book as an histor- 
ical encyclopaedia or browse with profit 
through the excellently-summarized bio- 
graphies: Zusne shows that brief entries 
can be succinct without trivializing the 
subject matter. The volume will serve well 
as a sourcebook for amateurs in the history 
of science, expecially those interested in the 
cross-influences between disciplines, and 
includes an appendix which lists the nine- 
teenth- and twentieth-century contributors 
to psychology by their principal university 
or institution. This appendix dramatically 
illustrates the Germanic domination of 





nineteenth-century science, and the shift to 
American pre-eminence by the early 
twentieth century. Indeed, many individ- 
ual biographical entries show that there 
was a movement of persons as well as ideas: 
Jastrow, Rapoport, Razran, Reich, Spitz 
and many others were born and educated in 
central and eastern Europe, but spent 
much of their working life in the United 
States. 

Another appendix is perhaps of lesser 
value: Zusne takes up 16 pages with a table 
of “‘relative eminence’’, a ranking of all the 
contributors to psychology according to a 
count of pages devoted to each individual 
in 16 histories of psychology. Thus, in this 
table, Maslow beats by a short head St 
Albertus Magnus, who in turn ranks one 
place ahead of Kraepelin. 

The only serious limitation of the book 
stems from Zusne’s understandable reluct- 
ance to adjudicate between the relative 
claims of the living for inclusion in the 
Dictionary, and his consequent limitation 
of entries to the distinguished deceased. 
This imposes a curious selectivity of cover- 
age of the subject. Thus, for example, 
Berlyne, Olds and Lenneberg, born in the 
1920s, are eligible for inclusion because of 
their relatively early deaths; whereas many : 
equally eminent figures of twentieth- 
century psychology are still happily living, 
and thus ineligible. 

This limitation on one side, the Diction- 
ary is a welcome reference work. One final. 
thought for our own over-productive age 
that remains with me, after several 
pleasurable hours of browsing, is that- 
many of these biographies demonstrate 
that impact does not necessarily require a 
large output. 9 
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Christopher Spencer is a Lecturer in the mo 
Department of Psychology at the University of © 
Sheffield. ae 
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Longman Dictionary of Psychology and 
- Psychiatry. 
Edited by Robert M. Goldenson and 
< Walter D., Glanze. 
_ Longman: 1984. Pp. 816. 
£29.50, $39.95. 





© THERE is a real need for an up-to-date 
-dictionary of psychology; as far as I know, 
-none has been published since 1978. Des- 
< pite the fanfare in the blurb (‘‘21,164 
entries or headwords, twice to five times 
the number of other dictionaries in these 
_ fields’), the Longman Dictionary of 
_ Psychology and Psychiatry fails to fill this 
The psychological entries contain many 
“errors and omissions. The latter include 
many terms in common use, such as “‘two- 
process learning theory”, ‘‘episodic 
© memory”, “iconic storage” and — less 
common, but still important — ‘‘anortho- 
scope’’. Students frequently confuse 
“focussing” with ‘‘fixating’’, but this 
© book will not help them: ‘‘fixating”’ is not 
the “focussing of both eyes on a single 
object”, it is positioning the eyes in such a 
way that the same object falls at the centre 
of each fovea (the same error recurs else- 
where in the Dictionary). The definition of 
“receptive field’? would have been correct 
-fifty years ago, but does not capture the 
way the expression is most often used 
< today. Many Pavlovian -terms are too 
loosely defined — ‘Pavlovian inhibition” 
is not the ‘‘suppression ofa response”’, it is 
a process that may lead to the suppression 
© of a response; the unconditioned stimulus 
follows the conditioned one, it is not 
merely paired with it and so on. 
‘A half-hearted attempt is made to cover 
some of the fields that are now relevant to 
| psychology, for example linguistics, but 
oddly there appear to be almost no terms 
_ from computing science or artificial intel- 
“ligence: the definition. of ‘‘heuristic’’ is 
grossly misleading since its technical sense 
is omitted. 

The Dictionary appears to do better with 
psychiatric terms, of which it includes 
many more than the latest edition of 
Oxford University Press’s Psychiatric 
Dictionary (1981); hence, it may be of more 
use to psychiatrists than to psychologists. 
But when confronted with this weighty 
volume, members of both professions may 

<- well wish that progress in their respective 
“fields had been commensurate with the 
amount of jargon they have generated. O 
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Stuart Sutherland is Director of the Centre for 
` Research on-Perception and Cognition at the 
« University of Sussex. 
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Dictionary of the Environment, 2nd Edn. 
By Michael Allaby. 

Macmillan, London: 1984, Pp.529. Hbk 
£25; pbk £7.95. 

Directory for the Environment: 
Organisations in Britain and Ireland 
1984-5. 

Edited by Michael J.C. Barker. 
Routledge & Kegan Paul: 1984. Pp. 281. 
Pbk £8.95, $19.95, 











PRODUCING a dictionary must be a labour 
of love. The intellectual rewards are rela- 
tively small and the scope for criticism over 
omissions or nuances of meaning is con- 
siderable. Michael Allaby’s second edition 
of Dictionary of the Environment comes 
six years after his first. The contents are 
much fuller and he has benefitted from the 
advice of asmall company of distinguished 
friends. The entries are mostly very short, 
covering clearly and competently all the 
basic physical, chemical, biological and 
geographical phenomena. The book’s con- 
ciseness is a great asset: some 6,000 entries 
are crowded into 529 pages. However some 
entries are superfluous — or at least appear 
so because of the apparent determination 
to be brief. For example “Environment, 
Department of” is described as ‘‘Depart- 
ment of the Environment’? — no mention 
as to country, or function or date of birth. 
Similarly EPA is merely described as ‘‘En- 
vironmental Protection Agency’’. This is 
hardly helpful, and a relatively modest ex- 
pansion of information would have paid 
dividends. 

There are also some curious omissions. 
There is no entry for environmentalism or 
environmentalist, nor is there anything 
under acid rain or acid deposition. There is 
an entry under environmental quality stan- 
dards (an American term now embraced by 
the European Commission), but nothing 
for environmental quality objectives, a 
concept much protected by British regula- 
tory authorities. In similar vein, the entry 
under ‘‘best practicable means” only con- 
nects it to air pollution control when it now 
has much wider application. The notorious 
phrase ‘‘as low as reasonably achievable’, 
now in such dispute in the wake of events 
at Sellafield, does not appear at all. This 
is a dictionary of specifics rather than 
concepts. 

Michael Barker’s Directory is altogether 
a more worthy book, even though it was 
probably easier to collate than Allaby’s 
Dictionary. Barker has sought to compile a 
list of all official and voluntary organi- 
zations which have something to do with 
environmental management and environ- 
mental protection. He appears to have 
sought his information with care but within 
a limited budget: inevitably some of the 
entries are piecemeal and inaccurate. As 
this is to be the first of a series, greater 





comprehensiveness and accuracy should be 
attained later on. 

The entries are listed in alphabetical 
order. Each provides a name, address, cofis 
tact phone number and a brief description: 
of activities together with a list of relevant 
publications. There is a good subject index 
which allows the reader to look up the 
variety of organizations interested in a pat- 
ticular theme. For example there are 34: 
entries under ‘‘energy conservation”? and 
67 under “nuclear power’’. Maybe next 
time Barker will delve into the Civil Service. 
Yearbook to seek out the sub-comp 
ments of government departments respon 
sible for particular aspects of environ 
mental matters. 

Nevertheless this is a valiant and valu 
able production. Barker has uncovered a 
kinds of interesting groups. What ab 
HOOVES, which aims to make roads a 
safer place for horses and to encourage the 
provision of livery stables and ‘‘parking’’ 
places for horses in cities? Or Green 
Deserts, which promotes and participates 
in desert reclamation schemes and seeks to 
bring the facts about desert reclamation to 
the attention of the general public 
Students and researchers should take not 
many of the organizations listed provide 
information upon request and they. are 
often well qualified and motivated to dos 
Here is an excellent reference book. : 









Timothy O'Riordan is Professor of Environ- 
mental Sciences at the University of East Anglia, 
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Green and pleasant 
Richard Mabey 


he Macmillan Guide to Britain’s Nature 
eserves. 

Edited by Robert Boote. 

Macmillan, London: 1984. Pp.717. £30. 
RSPB Nature Reserves. 

Edited by Nicholas Hammond. 
RSPB/Croom Helm: 1984. Pp. 189. 
£9.95, 




























































WITH the centenary of the first nature 
feserve (Breydon Water in Norfolk) and 
the 900th anniversary of the Domesday 
Book both only a few years away, it is an 
pt Moment to produce an inventory of 
‘Britain’s protected acres. Macmillan have 
idestepped ideological wrangles about 
whether reserves exist principally for wild- 
ife.or for the human beings who created 
em by publishing a monumental guide 
that is both reverent of its raw material and 
thoroughly populist in approach. The basis 
for inclusion of a site, it states, ‘‘is that 
_ members of the public should have access 
either by common law rights, or by mem- 
bership of a club or trust”, There is easy 
public access inside the book, too, thanks 
to a clear and forthright design, simple, 
foolproof keys (with map reference, 
acreage, ownership, best time of the year to 
šit) and vivid descriptive accounts of the 
natural features of each site that on the 
whole avoid scientific jargon. 

And what a feast it all adds up to! Seven 
hundted pages containing entries on some 
000 reserves, ranging across Britain from 
_ Kyemel Crease in Cornwall, a tiny patch of 
scrub woodland developed over 121 aban- 
‘doned cliff-top fields, to the puffin- 
stacked cliffs of Hermaness National 
Nature Reserve in Shetland. Every 
imaginable kind of sanctuary is featured: 
flooded brickpits, old commons, 
municipal country parks, water authority 
reservoirs, the occasional free-enterprise 








Remnant ‘beauty ~ Tennyson Down and the first of the Needles, off Britain’s southern coast. 


The potential users of the book are just as 
various. For apprentice twitchers it will be 
an invaluable crib, thanks to its species 
index; for holidaymakers it would work as 
a rewarding alternative tourist guide. (Try 
it out on unpromising Notts, and read 
about the splendid gravel pits called 
Attenborough!) 

It would be possible to see this book, 
only slightly cynically, as The Good 
Habitat Guide, and have a melancholy 
vision in which spontaneous encounters 
with nature are superseded by something 
approaching reserve-crawling. At £30 a 
copy though, I rather doubt it. In my local 
library they have placed it on the table 
between the tourist leaflets and the tele- 
phone directories, and that seems to me an 
accurate and rather complimentary assess- 
ment of its social role. 

Those who prefer their guidebooks to 
provide ecological background material as 
well as information, can turn to the Royal 
Society for the Protection of Birds’ 
account of its own holdings. There are less 
reserves covered here (some 90, occupying 
over 100,000 acres) and the book is oddly 
evasive about access arrangements, but asa 
bonus there are a number of concise and 
thoughtful essays on the history and 
management of different kinds of reserve 
habitats. 

Although I personally find the necessity 
for nature reserves a sad commentary on 
our mistreatment of the natural world, I 
warmed to these two books. It is, after all, 
better that the last oases are preserved than 
not, And it would be hard not to be lifted 
by the images that shine through both 
guides — of natural landscapes the im- 
mense variety of which can still be experi- 
enced, and of the people whose hard work 
and devout attentions have saved their 


remaining fragments. im 





Richard Mabey is a member of the Council of 
the Nature Conservancy Council, and @ writer 
on countryside matters and landscape history. 


From The Macmillan Guide to Britain’: Nature Reserves. 















-| Poisoned principles. 





J. D. Phillipson 


Poisonous Plants in Britain and Their 
Effects on Animals and Man. 

By Marion R. Cooper and Anthony W. 
Johnson. 

Her Majesty's Stationery Office: 1984. 
Pp.305, £12.95. 

A Colour Atlas of Poisonous Plants. 
By Dietrich Frohne and Hans Jürgen 
Pfander. Translated by Norman Grainger 
Bisset. 

Wolfe Scientific, London/Sheridan 
House, White Plains, New York: 1984. 
Pp. 291, £30, $38. 








WHEN two books on the same topic emerge 
at about the same time, it might be thought 
that the reviewer should be able to assess 
which one is the better buy. In this case it is 
not possible because these two books in 
fact complement one another rather than 
compete. 

The MAF Bulletin 161, British Poi- 
sonous Plants, was last reprinted in 1979 
and was in need of a complete revision. 
M. R. Cooper and A, W. Johnson have 
done just that, bringing together the bota- 
nical and veterinarian aspects of poisonous 
plants. The most common cases of animal 
poisoning are due to bracken, ragwort, 
brassica, yew, oak and the umbelliferous 
plants. Treatment is briefly discussed with 
the sensible caveat that ‘‘the doctor and 
veterinary surgeon... should be con- 
sulted immediately’’. A section on 
poisonous principles describes various 
alkaloids, glycosides, nitrites, oxalates, 
photosensitizors, proteins, peptides, 
amino acids and tannins, but no structural 
formulae are provided for the chemically 
minded reader. 

The book is then divided into sections on 
fungi, pteridophytes and the flowering 
plants, the species being listed within their 
families which are in alphabetical order in- 
stead of the former taxonomic order. Over - 
half of the book is devoted to the families, 
ranging from Alliaceae to Umbelliferae, 
and each plant is discussed under a series of 
headings such as poisonous principles, . 
poisoning in animals, human poisoning 
and treatment. There are some colour 
prints but these are relatively few, the first 
one not appearing until p.94, and the 
photographs are of plants in their natural 
habitat so that they are not necessarily 
easily recognized. Each section is supplied 
with a liberal number of references. and 
there is a good general index. 

How does the volume by Frohne and 
Pfander differ? First, and most obviously, 
it is beautifully presented with much better, 
clear colour photographs usually taken 
against a light background. Each plant, 
again listed in alphabetical order of 
families, is illustrated, and in many cases 
there is a photomicrograph or micro- 
scopical drawing of diagnostic features 









which aid identification. Structural 
formulae abound and there is a clearly 
: marked section on treatment of poisoning 
for each plant. 
This volume is a practical one, designed 
“to help quick and easy identification of poi- 
sonous plants and, except for one page, is 
concerned with human not animal pois- 
oning. Fungi are considered to be outside 
the:scope of the book but a number of 
-ornamental ‘“‘non-British’’ plants such as 
` Dieffenbachia are included, an important 
_ practical addition. 
Should we be concerned about poi- 
_ sonous plants when only two deaths have 
been reported between 1962 and 1978 in 
_ Britain?, Clearly the answer must be yes 
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because 20,000 enquiries were made at the 
National Poisons Information Service 
centres, and there were up to 60,000 plant- 
poisoning cases of children in Germany. 
Furthermore, there is not just concern over 
yew and laburnum but also increased 
public interest in herbal medicines. Both 
books take careful stock of such medical 
plants as comfrey and mistletoe, making 
balanced judgements on the pros and cons 
of taking such medication, and are, over- 
all, two lovely productions which were a 
pleasure to review. Oo 





J.D. Phillipson is Professor af Pharmacognosy 
at The School of Pharmacy, University of 
London. 





A. Stace 


' The Penguin Dictionary of Botany. 
"Edited by Stephen Blackmore and 
“Elizabeth Toothill. 
Penguin: 1984. Pp. 390. Hbk £12.95; pbk 
£3.95. In the United States The Facts on 
File Dictionary of Botany (Facts on File, 
hbk $21.95). 
` Longman Illustrated Dictionary of 
- Botany. 
y Andrew Sugden. 
oneren 1984. Pp. 192. £3.95, $7.95. 



















BeLALIZED. jargon is one of the more 
< daunting obstacles to the understanding of 
“a technical subject, and that of plant 
"biology poses particularly severe problems 
| = many separate disciplines are involved, 
and the subject has been accumulating 
“technical terms for over 2,000 years. There 
~ would be little use to working scientists or 
students for-an encyclopaedic listing of 
every term that has ever been coined. 
_ Hence the main difficulty for the compilers 
of desk-top dictionaries is to find a middle 
way; their products must be small enough 
to be manageable yet large enough to be 
_ informative. These two books both strike 
- the right balance. 
<The Penguin Dictionary of Botany 

(hereafter Penguin) contains ‘‘over 3,000” 

entries, compiled by ten contributors under 

a general and a consultant editor, while 

Longman’s offering has ‘‘over 1,200” 

compiled by.a single author. The audience 

for the two books differs, but with some 
“overlap. Penguin is quite sophisticated and 
<" will appeal widely to sixth formers, under- 
“graduates (especially) and to the pro- 
fessional plant biologist. Longman is more 
“+ elementary and will find its greatest use at 
the school-university interface. 

-The main feature of Longman is the 
ge number of colour illustrations (aver- 
ng more than one per page), and the 

grouping Of terms into 24 subject sections, 

necessitating a separate index at the end of 
the book. Penguin, by contrast, is entirely 
alphabetical and carries. relatively few 

















illustrations, most of which are charts and 
formulae, and some of which are rather 
unnecessary (over half a page for chloro- 
phyll lamellae, for example). Important 
entries are given a more extended treat- 
ment; there is, for instance, almost an 
entire page devoted to the chloroplast, 
excluding the illustration. In each book the 
cross-referencing is excellent. 

Both the dictionaries seek to cover more 
or less the whole range of ‘‘botany’’, 
including bacteria and viruses, except that 
agriculture and horticulture as well as plant 
biotechnology seem. to be omitted by Long- 
man. The latter scores, however, by its 
inclusion of useful appendices on Greek 
and Latin prefixes and SI units. Both 
books would have profited from more 
appendices on topics such as the periodic 
table, a system of classification and so on. 

Criticisms of omissions must be very 
subjective, but Longman seems to include 
rather too much classical terminology (e.g. 
polyadelphous) at the expense of more 
modern aspects (e.g. plasmid). Errors of 
fact, however, are less disputable, and I 
was disappointed to see a major error 
perpetrated on p. 47 of Longman. Here 
crossing over is shown (unequivocally in 
multicolour) to occur at the position of a 
chiasma, that is genetic crossing over is said 
not to occur until after chiasma formation, 
whereas the reverse has been known to be 
the case for over half a century. Such 
misinformation is potentially harmful in an 
often-misunderstood though essentially. 
elementary topic. Seeking reassurance, I 
turned to the corresponding entries in 
Penguin, and found, by implication, the 
same mistake. These are certainly points 
requiring urgent rectification at the first 
opportunity. 

How successful these dictionaries will 
prove will become clear only after trial 
periods with the intended users. But my 
general impression is that much thought 
and attention have gone into both, and 
that both should (and deserve to) become 


rc 


well used. E 





C.A. Stace is Reader in Plant Taxonomy and 
Head of the Department of Botany at the 
University of Leicester. 














































































Order i in maminals 
Malcolm C. McKenna 


Orders and Families of Recent Mammals 
of the World. 
Edited by S. Anderson and J. K. Jones, J 
Wiley; 1984. Pp. 686. £63.55, $54.95. 











CHARACTERIZING and keeping track of t 
taxonomic hierarchy of thousan 
genera of mammals distributed’ among 
about 30 orders is no easy task, asa 
succession of classifiers since Linnaeus h 
found out. In 1967 the editors of the 
present volume published Recent Ma 
mals of the World; now they have updated 
and retitled it. As before, about 20 highly 
qualified contributors, some inherited 
from the first project, cover all livin 
mammalian orders and the constituent 
families in a reasonably uniform style but 
with a range of originality. 
Each still-living order is given a dia 
nosis, followed by short synopses of cur- 
rent distribution, geological rangeandal 
of constituent families; there is also 
section of remarks in each case. Then the 
format is followed again at the family level. 
Unfortunately many of the diagnoses con- 
tain characters that are merely descrip 
not diagnostic, but they are still useful. 
A separate, well-written and generally 
succinct account is given of fossi 
mammals, including groups without living 
members. The known diversity of extince 
mammals is increasing rapidly, mdinly 
through the efforts of palaeontologist: 
using screen-washing methods. This. is- 
especially true of small rodents and 
insectivores, but also applies to othe 
orders. Since the 1967 compilation: th: 
number of known fossil genera of rodent 
alone has doubled, surpassing for the firs 
time the number of living genera: 
rodents. 
Among the accounts of living mammals, 
five chapters on rodents, one on bats, anc 
one on monotremes and marsupials. are 
outstanding, reflecting the enormou 
amount of recent work in those are 
mammalogy. The original scholars! 
displayed means that purchase of the 90 
will be a necessity for many palae 
ontologists. 
The illustrations consist mainly of dis 
bution maps, but a number of figures:o 
animals show enough anatomical detail t 
be helpful in identification {although some 
have been reduced excessively). Most of th 
anatomical illustrations are of the skeleton: 
or skull, but dental patterns are not emph 
asized. An especially valuable feature of: 
the book is the bibliography; the references: 
occupy almost a hundred pages, and many. 
of them are new since the 1967 edition. CI. 





Department of Vertebrate Paleontology 
American Museum of Natural History, Sew 
York. 






















































Primate profiles 
R.D. Martin 


Primates of the World: Distribution, 
‘Abundance, and Conservation. 

By Jaclyn H. Wolfheim. 

University af Washington Press/ 
larwood Academic: 1984. Pp. 832. 
$46 (US), $72 (Britain and Europe). 











WITH the exception of the Red Data Book 
(Mammalia), a publication only partly 
devoted to primates and limited to the 
most basic information, there is no 
standard reference work regarding the 
conservation status of prima. 2s. In 
Primates of the World, Jaclyn Wolfheim 
has set out to remedy that situation. 

In the book, a vast amount of literature 
is covered (there are over 1,000 references) 
and the available information is brought 
together into a well-designed framework. 
The text deals with the primates on a 
yecies-by-species basis and for each 
species provides information on geo- 
graphical distribution, population 
parameters, habitat conditions, factors 
reported to affect wild populations, and 
sonservation action under way. The profile 
for each species is accompanied by a 
distribution map and (where data exist) 
by a table summarizing population para- 
meters. The distribution maps, which 
generally indicate maximum possible areas 
of present occurrence, have been carefully 
prepared and provide reasonably accurate 
guidelines. In this and other respects, 
Wolfheim made a concerted effort to 
ensure accuracy by incorporating results 
from questionnaires circulated to 226 field 
workers. 

The reference value of Primates of the 
World has been enhanced in a number of 
ways. Most particularly, it is commendable 
that the author took pains to use a broadly 
“comprehensible and acceptable scheme of 
Classification; only a conservative scheme, 
such as the one adopted here, is likely to be 
adily understandable to the many 
different groups of people who are likely to 
e the book. Secondly, the species profiles 
are followed by a 20-page discussion that 
identifies.a number of general principles, 
and by seven summary tables (one as an 
appendix) listing quantitative information 
ss species. Two especially useful tables 


ulation status?’ (including an estimate 
he maximal geographical range for each 
ies in square kilometres) and another 
ating scores for these determinants to 
overall conservation status. The quan- 


analysed by Wolfheim herself, but should 
provide at least a provisional basis for 
mathematical modelling in primate con- 
rvation programmes. 

_ However the book does have its limit- 
ations. Perhaps unavoidably, itis already 


os quite out of date, coverage of the literature 


effectively ending at 1978 (all the references 
for 1979 and 1980 seem to stem from two 
edited works). Further, there are no 
descriptions or illustrations of individual 
species; hence anyone not already familiar 
with living primates will need a back-up 
reference source. It is also a pity that Table 
190 gives body weights for only just over 
half of the primate species, and even then 
cities maximal body weights largely derived 
from captive animals. Finally, some of the 
information (for instance on primate 
importation and on the associated 


legislation) is specifically relevant to t 
United States only, rather than being: 
genuinely international.: 
But, overall, Jaclyn Wolfheim has: done : 
an excellent job. With one-third of the. 
present total of about 150 primate species: 
already listed as endangered, rare or 
threatened by the International Union for: 
the Conservation of Nature, a source-book 
such as this was urgently needed. ae 





R.D. Martin is Professor of Physical Anthro- 
pology at University College London. 





A view of life 
A.J. Cain 








A Synoptic Classification of Living 
Organisms. 

Edited by R.S.K. Barnes. 

Blackwell Scientific/ Sinauer: 1984. Pp. 
273. Pbk £7.50, $11.50. 





Dr BaRNES has organized a most useful 
little book, giving a quick view of the 
diversity of living things, and designed as 
“the sort of dictionary/mini-encyclo- 
paedia of organismal classification and 
diversity that all professional, amateur and 
student biologists could have on their 
desks’’, As he remarks, ‘‘student biologists 
are taught less and less of the diversity of 
life”. It is hoped that this book will do 
something to remedy the defect; yet since it 
goes only to orders, and there is a single 
illustration for each phylum, it can do so 
mainly by sending its readers to more 
widely-illustrated or detailed texts, As 
such, it will be valuable. 

The classification is a consensus, and 
avoids some of the wild splitting of recent 
texts. Viruses are excluded as not coming 
within the definition of living things, and 





only groups with some living represen- 
tatives are admitted —- for example, the 
Merostomata are in, because of the horse- 
shoe crabs, but the trilobites are not; the 
Chelonia, Rhynchocephalia, Squamata 
and Crocodilia are in but the various 
dinosaurs, ichthyosaurs and plesiosaurs 
are not. Perhaps a later edition can include 
them. 

The Introduction is so brief as to be 
misleading in one particular: ‘Taxonomic 
categories of whatever level are arbitrary, 
man-made distinctions imposed on a con- 
tinuum of natural variation” is a danger- 
ous half-truth. It is not open to anyone to 
include human beings, Drosophila and 
snails in a single group. As G.G. Simpson 
has stressed, taxonomic categories are 
arbitrary by exclusion, not arbitrary by 
inclusion. And there isn’t a continuum — 
indeed the definition of phylum status 
provided in the book is based on gaps. 

No one will be entirely satisfied by the 
classification given here, but the five. 
collaborators have done a good job. May I 
assist by pointing out that the Marsupialia 
have been divided into several orders for 
some time now? o 





A.J. Cain is Derby Professor of Zoology at the: 
University of Liverpool. 


Tadarida pumila, a molossid 

bat, drawn by Jonathan 
Kingdon. The illustration is 
reproduced from the new 
paperback edition of Vol. HAs] 
(Insectivores and Bats} of 
Kingdon’s magnificent series 

of books, East African 
Mammals: An Atlas of pe 
Evolution in Africa, originally ` 
published by Academic Press. 
Volumes 1, HA and HB are 

now available in large-format 
paperback, published by The 
University of Chicago Press. 
Price is $25, £23 for each 
volume, 



































el for vertebrates 
R. Newth 


“Longman Ilustrated Animal 
-Eneyclopedia. 

Edited by Philip Whitfield. 

Longman: 1984. Pp.260. £25. In the 
United States the Macmillan Ilustrated 
; a Encyclopedia (Macmillan, $35). 




















: Do NoT be deceived by the title’s implied 
“claim. that this book surveys the whole 
“animal kingdom, and still less by the dust- 
- cover which calls it a ‘‘visual who’s who of 
- all the world’s creatures”. Instead, more 
modestly, it treats of some 2,000 species of 
living vertebrate animal. Each is granted a 
__ reproduction, in colour, of a painting anda 
© short (80=300-word) non-technical 
escription. The aim has been to include at 
least one species from each tetrapod family 
and at least one from each order of the 
fishes. Some higher taxa are briefly 
‘described and mammals, birds, reptiles, 
amphibians and fishes are each introduced 
by a short general account. 
The pictures are certainly both vivid and 
decorative, but they are not always 
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sufficiently detailed or accurate to match 
good colour photographs (although, of 
course, good photographs would not 
always be easy to obtain). Since they are 
rationed at one to each species there is no 
place for larval or juvenile forms, and 
where sexual dimorphism is marked the 
more flamboyant sex is chosen for show. 
The textual material is necessarily basic, 
but has lacked critical revision to eliminate 
minor errors and other lapses from grace. 
Of the latter, the heading given to the 
section on reptiles, which boldly proclaims 
them to be “‘survivors from a prehistoric 
age’’, seems typical. It is true, but true also 
of every other class.of living animal. 

Its defects apart, it is unlikely that this 
book will be of value to students of 
vertebrate zoology. On the other hand it 
may well attract and instruct non-scientists 
and give them a feel for the range of size, 
shape, coloration and lifestyle of the 
vertebrates and some idea of their 
relationships. This, presumably, was the 
intention of the publishers, but it is still 
difficult to imagine whose coffee table the 
book is designed to grace. o 





D.R. Newth was formerly Regius Professor of 
Zoology at the University of Glasgow. 









: Down under standard 
. Corbet ` 


ke Coriplek Book of Australian 
Mammals. 
“) Edited by Ronald Strahan. 

| Angus & Robertson: 1984. Pp.529. £25. 














THE past 20 years have witnessed a 
revolution in the application of high- 
quality colour printing to natural history 
publishing. In that same period the pro- 
duction of authoritative syntheses of 
. biological data on major taxonomic groups 
-and faunal regions has achieved increas- 
“singly high standards. But with some 
exceptions, the economics of publishing 
_ have usually prevented these advances 
-from coming together. Writers and editors 
= of scholarly works are commonly 
` frustrated by the impracticality of 
including colour illustrations, even when 
these would enormously enhance the infor- 
mation content, whilst popular works with 
adequate, and often superb, colour illus- 
tration rarely carry a text that meets the 
standards required of a scientific source 
book. 
The exceptions have mostly dealt with 
subjects such as molluscs and butterflies, 
where the ease of photographing preserved 
specimens and the popular interest have 
“combined to make good illustrated hand- 
_ books feasible. The elusiveness of most 
‘mammals makes them a much more diffi- 
cult subject for such treatment, and so The 
< -Complete Book o of Australian Mammals is 
os something © ofz a pioneer: It is based upon a 















National Photographic Index of 
Australian Wildlife established by the 
Australian Museum, Sydney, and includes 
colour photographs of living animals of all 
but 22 of the 273 species included. Con- 
sidering the rarity and elusiveness of many 
Australian mammals, marsupials and 
placentals, this is quite an achievement. 

Although the convergence and parallel- 
ism shown by the Australian marsupials in 
relation to placental mammals elsewhere 
are a standard ingredient of evolutionary 
teaching, the illustration of almost all the 
129 species in one work enables this pheno- 
menon to be appreciated and indeed 
studied in a way that has not hitherto been 
possible. 

The text is the work of 107 different 
authors with first-hand research experi- 
ence, and is up-to-date and authoritative, 
summarizing habitat, ecology, repro- 
duction and behaviour. The reference 
value is greatly enhanced by a clear dis- 
tribution map for each species. Although 
facts are not individually documented with 
regard to source, some bibliographical 
references are given for each species, pro- 
viding at least an entry into the literature. 

While it falls short of being a really com- 
prehensive illustrated handbook — it does 
not, for example, cover critical identi- 
fication requiring internal characters — 
this book nevertheless sets a standard that 
has not yet been matched in areas such as 
Europe and North America where the 
mammal faunais much better known. © 





G.B. Corbet is in the Department of Central 
Services at the British Museum (Natural 
History}, London. 








Everyone’s stunning 
animals 
Carolyn M. Crockett 








The Encyclopedia of Mammals. 
Edited by David Macdonald. 

George Allen & Unwin/Facts on ane 
File: 1984. Pp. 895. In Britain publishe 
in two volumes, £25 each. In the Unit 
States as a single volume, $45. : 





HERE is a volume whose illustrations an 
photographs are a pleasure to peruse 
What makes it an especially worthwhi 
purchase, however, is the authoritative an 
well-written text. David Macdonald 
orchestrated a lively collection of articles 
assembling contributions from 180 expert: 
from around the world; the result wi 
appeal to anyone interested in animals. 
the lay public, students and their teach 
and professional zoologists. 

The book describes the appearance, diet, 
social behaviour, anatomical character 
istics and peculiarities of all mamm; 
groups. For some, illustrations an 
descriptions of extinct ancestors are als 
included. The entries are all short, rangin: 
from a small box on a specific topic 
several pages of description of a mam 
group, usually at the family or subfan 
level. This makes ideal reading 
morning coffee or afternoon tea, sinc 
individual passages hang together and can 
be read in just a few minutes. ° 

The book begins with a dozen or so pag 
describing mammals in general, summa 
izing their evolution, characteristics and 
taxonomy. The remainder is divided into 
accounts of each order and.concludes with 
a bibliography, a glossary of nearly: 00 
terms that might not be familiar to the | 
reader, and.an index. For most. orders, 
complete listing and short descriptio 
each species is given in a section of the m 
text. A few orders, such as the Rodenti 
Chiroptera and Marsupialia, are describ 
down to the genus or tribe level, while 
complete listing of species is presented ina 
appendix. 

To give an indication of the richness 
this volume, let me summarize the sec 
on the Capuchin-like monkeys (Cebid: 
It begins with a box containing a dist 
bution map and a silhouette scale-drawing 
comparing the size of a man with the largest 
and the smallest members of this monkey 
group. The text includes a general descrip- 
tion of the Cebids, their adaptations (such 
as prehensile tails for the larger species)and 
their social organization. A beautiful 
colour drawing (one of many excellent ones 
by Priscilla Barrett) accurately depicts nine 
species in various postures; by showing 
different — yet typical — behaviours, t 
and the other plates provide. mo 
information than do most field guides.” 
Next comes a more traditional description” 
of each species, including common name 




















































































entific name, pelage, distribution and so 
sänd finally four “topical” accounts of 
ie to two pages each — here, exploration 
d play in Squirrel monkeys; why Night 
monkeys are nocturnal; the family life of 
Titi monkeys; and the energetic constraints 
imposed on Howler monkeys by their 
-relatively unnutritious diet. Photographs 
-are interspersed throughout. 
_. As an amateur photographer and illu- 
trator, I feel compelled to emphasize the 
“sheer beauty and artistry of the layout and 
illustrations. Many of the photographs are 
stunning, portraying the very essence of an 
imal’s life. One of the most dramatic 
lepicts a herd of wildebeest plummeting 
itoa swirling river. 
There are really only two drawbacks to 
e book, both of them minor. First, no 
pecific references are given (though each 
ntry. is initialled and in many cases the 
thor’s publications could be consulted). 
Second, while several passages, especially 
he “topical” ones, discuss controversial 
atters, in some instances no indication is 
en that this is the case; the problem then 
arises of preliminary conclusions being per- 
uated as truths. But it is yet another 
erit of this splendid work that it corrects a 
‘ar greater number of myths than it creates. 





aralyn M. Crockett is a Research Associate in 
€ Departments of Anthropology and 

chology at the University of Washington, 
Seattle, and at the Smithsonian Institution, 
‘ashington, DC. 





Mammoth appeal 








‘The Mammals of the Southern African 
‘Subregion. 

By Reay H.N. Smithers. 

University of Pretoria: 1983. Pp. 736. 
Distributed by Struik Book Distributors, 





‘PRODUCING this major reference work on 
thern African mammals is described in 
e foreword as “a mammoth under- 
ing”. Itis- a very apt description, for 
tmammoths are also enormous, still too 
little known, fascinating in detail and just a 
it dated in appearance. 
eay Smithers has managed during a 
tively short gestation period of only 
bout four years to assemble and present a 
amount of information. The three- 
quarters of a million words cover 340 
species.of mammal, and there are tables, 
illustrations and distribution maps as well. 
tis formidable — and remarkable that the 
book is still readable too. 
<The ‘Southern African Subregion” 
includes South Africa, Namibia, 
Botswana, Zimbabwe south of the 
< Zambezi River and the Prince Edward 


Tslands (situated 900 miles south of the con- 


tinent), as well as the adjacent oceans. The 
latter provide an excellent excuse for a 
useful section on marine mammals — the 
whale and seal orders. Each species entry is 
divided between several subheadings: col- 
loquial name; taxonomic notes (covering 
subspecies and disagreements over classifi- 
cation); description (including, at last, 
valuable tables giving data on body sizes 
and weights); distribution; habitat; habits 
(an inadequate term for the wealth of 
behaviour and ecology described); food 
reproduction; and skull (with dental 
formula). 

The possible disadvantage of a standard 
format such as this is that sparse or trivial 
data might be included for some species 
(because there is a heading for them) and 
major topics omitted for better docu- 
mented species. Fortunately Smithers has 
not felt constrained by the format: he 
includes introductory and general sections, 
as well as topics of particular interest (such 
as fur seal harvesting, and the multimam- 
mate mouse and human diseases), and he 
makes quite clear where adequate infor- 
mation is lacking. The gaps are fast being 
filled in, and what would have been only a 
skeleton of a mammoth 20 years ago is 
becoming beautifully padded out, thanks 
to the high quality of field work carried out 
and published over the past two decades 
or so. 

The book's publication in South Africa 
in 1983, and its recent availability world- 
wide, make clear the extent of the takeover 
by southern Africa as the centre for excit- 
ing work on wild African mammals. Fif- 
teen years ago, East Africa with its wildlife 
research groups particularly in Serengeti, 
Gombe, Nairobi, Tsavo and Mweya, was 
leading Africa if not the world in large- 
vertebrate field studies. For many reasons 
— political, financial and personal — the 
East African centres have become reduced. 
At the same time, the value of such research 
institutes has been amply demonstrated by 
the success of the Mammal Research Insti- 
tute in Pretoria, which has both sired this 
excellent volume and provided much of the 
field data on which it is so soundly based. 
Fortunately, the whole of Africa, and 
indeed the whole mammal world will 
benefit, El 





Brian Bertram is Curator of Mammals at The 
Zoological Society of London. 





@ One of the best-selling publications issued by 
the British Library’s Science Reference Library 
in London, Guide to Government Department 
and Other Libraries, has recently appeared in a 
new edition (the twenty-sixth). The entries cover 
not only sources of information within 
Government departments, but a selection of 
other specialist libraries and include many 
dealing with science and technology. 

The Guide is available from: External 
Relations and Liaison Section, Science 
Reference Library, 25 Southampton Buildings, 
London WC2A IAW, UK. Price is £10 (£11.28 
for overseas orders); cheques should be made 
payable to The British Library. 





Up in the air over 
the nation 
John Andrews 


A Field Guide to the Birds of the USSR. 
By V.E. Flint et al. 

Translated by Natalia Bourso-Leland. 
Princeton University Press: 1984. Pp.353. 
$65, £54.20. 

The Birds of China. 

By Rodolphe Meyer de Schauensee. 
Smithsonian Institution Press/Oxford 
University Press: 1984. Pp.602. Hbk $45, 
£35; pbk $29.95, 

A Pictorial Guide to the Birds of the 
Indian Subcontinent. 

By Salim Ali and S. Dillon Ripley. 
Oxford University Press: 1984. Pp. 177. 
£22.50. 

Field Guide to the Birds of North 
America. 

Edited by Shirley Scott et al. 

National Geographic Society/ David and 
Charles: 1984. Pp.464. Pbk $13.98, 
£8.95. 











Ir is rare that readers of ornithological 
reviews are vouchsafed gratuitous political 
comment, but the production in one year 
of English-language field guides for the 
super-powers and the largest of the non- 
aligned nations can hardly pass 
unremarked. The problem is to know what 
this signifies — capitalist exploitation of 
new commercial opportunities or a shared 
concern for the natural world? Whatever - 
the explanation, we can value each book 
for its own sake because all four of them 
make a worthwhile contribution to acces- 
sible knowledge. 

A Field Guide to the Birds af the USSR 
was originally published in Russian in 1968 
but soon dropped out of print and became, 
for practical purposes, unavailable in the 
West. This English-language edition has 
been updated by the senior author, Dr 
Viadimir Flint, in collaboration with 
advisers from the Massachusetts Audubon 
Society. A new introduction provides the 
Western reader with a very generalized 
account of the major habitat. divisions of 
the USSR and their characteristic bird 
communities. The 750 individual species- 
descriptions comprise a summary of field 
marks, drawing attention to features 
aiding the separation of similar species, 
plus information on habitats, behaviour, 
nesting and distribution, with maps. The 
colour plates are good, and publisher and” 
printer deserve credit for the standard of 
colour correction, which, when badly 
done, often mars good origination. 

Though smaller than the USSR, China 
contains nearly 1,200 bird species, 
straddling as it does the palaearctic and 
oriental faunal regions. The Birds of China 
provides field descriptions of all adults, but 
lacks the information on habits so helpful. 
to. field identification. Distribution is- 









described in terms of provinces, which are 
apped on the endpapers. The plates cover 
than half the species occurring, and are 
ased on museum specimens which are 
-frankly described as being “of varying 

ages”. Not unwisely, the illustrators — 
“John Henry Dick, John Gwynne and H. 

Wayne Trimm — have largely adopted a 

somewhat cartoonish style, with little 
attempt to show precise plumage detail or 
< jizz. The shortcomings of the work largely 
reflect the lack of information, and when 
_ one realizes that the artists and the author 
arẹ based in the United States one must 

pplaud the achievement rather than 
| criticize. Sadly, there is as yet no edition 
- published in China. 

A Pictorial Guide to the Birds of the 
Indian Subcontinent shares many species 
-with the previous two books, and with 
_ them serves to create a mutually supportive 
. trilogy of guides. It is a useful work in its 
own right, however, the strongest point 
being the illustrations by John Henry Dick 
which cover all species, including females 
“and some juveniles, plus flight illustrations 

of raptors, some waterfowl and seabirds. 
In comparison the text is disappointing, 
comprising little more than the briefest 
statement of habitat preference and 
distribution, derived from and cross- 
-referenced to Ali and Ripley’s ten-volume 
<: Handbook of the Birds of India and 
Pakistan published between 1969 and 
974. 
All three of the books discussed above 
we their present incarnations to American 
` initiative or co-operation, and the pre- 
“eminence of the United States in the 
“compilation of ornithological reference 
| works is underlined by the Field Guide to 
-| Birds of North America. This book is the 
fruit of work by four consultants, nearly 
_ forty editorial and production staff and 
“thirteen main illustrators, but what sounds 
~ dike a recipe for unmitigated disaster has 
“produced a guide of remarkable scope and 
-high standards and utility. The colour 
- 4iustrations cover most plumage 
< variations, enabling one to compare, say, 
juvenile crowned and yellow-crowned 
night herons or flying juveniles of the light 
and dark phases of skuas — sorry, jaegers! 
With, on average, four species per plate, 
- there is adequate room on the facing page 
` for helpful descriptive text and distribution 
maps of varying seale, enabling more 
precise definition of more localized 
species. In practical terms, the Guide has 
the virtue of covering the whole of North 

. America in a single book, unlike the 
otherwise excellent Peterson volumes. It 
_ should also find a market on the eastern 
= side of the Atlantic, for its usefulness in 
~ relation to those species we normally share 
as well as for the vagrants which regularly 
test European ornithologists each 





















































John Andrews is Head of Conservation 
Planning at the Royal Society for the Protection 
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REFERENCE BOOKS 
Fish: relations and 
compositions 

D. H. Cushing 


Fishes of the World, 2nd Edn. 

By Joseph S. Nelson. 

Wiley: 1984. Pp.523. £52, $44.95. 
Marine Fishes. 

Edited by V.P. Bykov. 

Balkema: 1984. Pp.322. Dfl. 50, £11.50. 











PROFESSOR Nelson’s authoritative text, the 
updated edition of a book first published in 
1976, describes the classification of fishes 
down to families and it lists the genera. 
There is an illuminating discussion on the 
nature of systematics, cladistic or syn- 
thetic, but no hint of the recent flurries in 
this area. Each order is defined in ana- 
tomical terms, as is each sub-order and 
family; in each description there are indi- 
cations of ecological status. The drawings 
are very clear and simple, and are linked 
quite exactly with the anatomical des- 
cription, while on the end-papers there is a 
helpful diagrammatic presentation of the 
hierarchy of the higher categories of fishes. 
Links to the fossil groups are well 
established and, indeed, the fossil genera 
are listed in the description of each order. 
There are 45 maps showing the distribution 
of a class or of families throughout the 
world. 

The volume edited by Dr Bykov is super- 
ficially similar to Professor Nelson’s, in 
that the fish species described from Russian 
catches are grouped by families within two 
super-orders, Selachoidei and Teleostei. 
There the similarity ends for this classi- 
fication is a convenience, not an end in 
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itself, and the real point of the book isto 
the chemical composition by speci 
region and season and by parts of the body 
In certain cases methods of processing are. 
given in some detail. There is no attempt to 
describe each species for the illustrative 
drawing is probably considered sufficient; 
such drawings are well executed and can be | 
matched with those of Professor Nelson 
So far as I can see the species are correc! 
named, and while the book is of somewha 
specialist interest there are useful snip 
of information scattered throughou 
text. ; 
As works of reference the two: volum i 
serve different readerships. That edite 
Dr Bykov will be used on far-ran 
factory ships and in processing plant 
where an indication of processing quali 
of each species caught would be of con 
siderable value. (The book, incidentall 
also indicates how far the Russian fleet 
works away from its home waters, the 
Barents Sea, the Baltic and the north-wes 
Pacific; in the Barents Sea, species. an 
their chemical composition would be well. 
known). There are two readerships’ fe 
Professor Nelson’s text. First, museu 
systematists will be glad to have the class 
fication set out so clearly for those group 
in which they are not experts. Secondly 
fishery biologists whose trade is populati 
dynamics should profit from the arrange 
ment of orders; the volume should be 
every library where fisheries are studi 
For example I have used it recently to 
certain genera unfamiliar to me in a stud 
of the marine resources of the wed 
Indian Ocean. 































































D.H. Cushing was formerly Deputy Director of 
the Ministry of Agriculture, Fisheries and Food 
Fisheries Laboratory, Lowestoft. 
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Building an umbrella for 1985 


_ Next month’s meeting between the United States and the Soviet Union is welcome. But the meeting 
_ will best succeed if its goals are modest, a standing commission on strategic arms in the first place. 


_ NeXT year will get off to an interesting start. On 7 January, Mr 
_ George Shultz, the US Secretary of State, and Mr Andrei 
_. Gromyko, the Soviet Foreign Minister, are due to meet in Geneva 
_totake up again the issues of arms control whose discussion was 
_ abruptly halted just over a year ago, when the Soviet Union 
_ walked out of the Geneva talks on intermediate-range missiles 
(INF) and strategic missiles (START). What is the chance that 
< next:month’s meeting will make progress when so much has so 
recently gone wrong? 
_. Three separate sets of auguries suggest that, this time, the two 
_ superpowers will have an incentive to agree. First, military costs 
_ are hurting both the superpowers; in the United States, President 
- Reagan’s hope of keeping the federal deficit within reasonable 
~ bounds seems yet again destined to be frustrated by Mr Caspar 
: Weinberger’s demands, while the Soviet government has 
signalled the high cost of defence by increasing the nominal 
: proportion of its budget devoted to military affairs. Second, there 
has been a change of leadership in Moscow but also in 
`: Washington; Andropov has been succeeded by Chernenko and, 
„justas significant, first-term Reagan, preoccupied with re- 
< election, has been succeeded by second-term Reagan, likely (in the 
_ manner of his predecessors) to be anxious about what the history 
books will say of him. Then, third, both superpower governments 
= havea common interest in reaching some tangible agreement on 
arms control before the third review conference of the Non- 
Proliferation Treaty fixed for next August; if they have nothing to 
< Show for their obligation to negotiate on strategic arms, they will 
earn another thorough drubbing from the non-nuclear 
-signatories of the treaty, the continuation of which could easily be 
“jeopardized. So something may emerge. 
_> What? To begin with, not much. The announced objective of 
the Shultz-Gromyko talks is to find an umbrella under which 
_- Serious negotiations may later take place. They are to be talks 
“about talks, not: substance. But that does not imply that nothing 
--can be decided. What stands out from the experience of the past 
- quarter of a century (since the Partial Test-Ban Treaty, signed in 
 1963.after five years of desultory negotiations) is that the pace of 
military development is too fast for the mechanisms of 
`| diplomacy. If the Soviet Union had not walked out of INF and 
START, at the end of 1983, in protest against the long-advertised 
< deployment of intermediate-range missiles in Western Europe, 
: President Reagan’s star-wars speech in March this year might well 
have made them pack their bags. 





Commission 

So the obvious and urgent need, and the best kind of umbrella, is 
‘for a mechanism for the avoidance of surprises. Negotiations on 
< particular measures of arms control are important, necessary and, 
indeed, long overdue. But there also needs to be a mechanism by 
` which the superpowers can.avoid startling each other, triggering 

off. by either a walk-out from some continuing negotiation (at 
: best), perhaps a more tangible hostile action. One of the benefits 
_ of ratifying the SALT II Treaty (signed in 1979) is that there would 
by now have been a standing commission representing both the 
_ superpowers to superintend the working of that agreement. The 
_ immediate objective, for Messrs Shultz and Gromyko, should be 

to establish just such a commission, but with wider terms of 
-reference. There is no reason why an agreement. to that effect 
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should not be realized in the first week of next year, or why a. 
working commission should not be a going concern by the end of. 
January. 
But will there not be endless haggling about the terms of 
reference of such a body? There could, but need not, be. The 
practical needs are obvious. A standing commission (with an 
agreed timetable of frequent meetings) should be a forum in 
which one side or the other could disclose and explain strategic 
plans that would otherwise be surprising threats. Even the star- 
wars speech would have been less an irritant of Soviet 
susceptibility if the United States had been compelled to describe: ` 
its plans in advance, explaining that, for the time being, star wars 
is a five-year programme of research, not even a development 
programme. A standing commission would also be a way of. 
raising in private allegations that existing agreements or. 
understandings are being violated. The United States has 
needlessly soured the international climate in the past year with 
public accusations that the Soviet Union has violated the 
unratified Threshold Test-Ban agreement (with another 
underground explosion marginally on the 150,000 tonne of TNT 
equivalent only a month ago), but has a legitimate question to ask 
about the phased-array radar being built in central Siberia, 
apparently in violation of the Anti-Ballistic Missile Treaty, signed | 
in 1972, which allows such instruments only near a superpower’s 
borders. . 


Modest goals 

The chief practical value of a standing commission, however, ` 
would be as a means of agreeing in advance which specific 
Strategic agreements are attainable. Part of the difficulty in the 
past decade is that the superpowers have locked themselves into 
over-ambitious negotiations. Although the breakdown of the: 
Comprehensive Test-Ban Treaty in 1979 was at the time 
attributable to technical factors centring on verification, the real 
trouble was that neither US nor Soviet generals were ready for - 
such a step. Nor are they now. Even the INF and START | 
negotiations, which at various times in 1982 and 1983 looked © 
hopeful, would have asked a lot of the generals and the US Senate, 
which would have had to ratify whatever agreements finally’: 
emerged. Far better, in these changed circumstances, that the two > 
superpowers should informally decide privately on a sequence of 
modest goals that can then be quickly negotiated. It would be a 
tonic for everybody if there could be a succession of agreements... 
on strategic (not always nuclear) weapons, however modest. 

The ready objection to arms control by instalments along these; 
lines is that its consequences will be undramatic. The non-nuclear 
signatories would for example spend next August/September 
complaining that nothing substantial had been achieved. Almost 
certainly, the Soviet Union will be looking for a quick dramatic 
agreement from beneath the umbrella now to be erected, if onlyto = 
make plain that it has lost no face by walking out at Geneva a year 
ago, but also from a genuine if misguided belief that the United . 
States is about to populate interplanetary space with novel and 
dangerous weapons. (That is at least five years and another 
presidential election away.) But a little reflection will show that: 
even. an attempt to return to INF and START would be 
imprudently ambitious but also intrinsically insufficient: 
Eighteen months of hard negotiation got nowhere and then, by 
















































g; did more harm than good; yet even. these parallel 
negotiations were recipes for letting important issues (British and 
‘French nuclear weapons, the sense in Western Europe and the 
Soviet Union that intermediate-range weapons can have a 
strategic function) fall between the cracks. In retrospect, even 
unratified SALT II looks over-ambitious or, at least, too 
complicated to be workable. 
So is there nothing to be done? Far from it. For starters, why 
not agree to ratify the existing treaties on the maximum size of 
underground explosions and that which outlaws peaceful nuclear 
explosions except with advance notice and inspection by the other 
-side? So much could be agreed next month. So too could be the 
principles of a treaty to ban the testing of anti-satellite weapons. 
The United States, which has made one test with an air-launched 
‘ocket, says the Soviet Union has already deployed such a system, 
_ but its performance is known to be so poor as to be irrelevant. The 
next best bet would be an attempt to define some of the untidy 
‘edges of the aborted INF and START negotiations, the manner in 
which bomber aircraft should be traded off against missiles of 
long or shorter range, for example, or the relevance of battlefield 
‘weapons to the strategic balance. 
Haggling of that kind, however necessary, will cut very little ice 
with the non-nuclear members of the Non-Proliferation Treaty, 
who will be looking for limitations, even reductions, of strategic 
nuclear weapons and, now, assurance that the region beyond the 
tmosphere will not become a battlefield. They will not have 
ither by next August. But what they could be offered isa promise 
to work towards a much simpler agreement than either SALT LU or 
the kinds of treaties likely to have emerged from INF and START, 
Why not simply settle for a limit on the number of nuclear 
Weapons (separate warheads) that each side may retain, letting it 
‘decide for itself how they should be deployed? Verification is the 
obvious difficulty, which could be overcome by a necessarily 
private exchange of information on past production of fissile 
material. There might then follow an agreement to a cut-off on 
military production of fissile material, a scheme once dear to the 
French. And if the limit on nuclear warheads were small enough, 
the case for the deployment of whatever emerges from the star- 
arsresearch would melt away. Is all that too much to hope for? 
By recent experience, it is too much. The crucial question, which 
may be answered next month, is whether Mr Shultz and Mr 
Gromyko, and their political masters, will be able to change the 


tone of arms control. Oo 


Agency two-step hazard 
Trading the White House science office for a 
Department of Science would be wrong. 

Few things give a President of the United States such a feeling of 
` accomplishment, with so little actual accomplishment, as a re- 
-organization of the executive branch. Bureaux become 
“departments, offices are merged, titles appear and disappear, but 
‘nothing changes. It is a generally harmless exercise, one that gives 
the illusion of increased efficiency while keeping the chief 
_ executive too busy to make a genuine nuisance of himself, 

But there is something else going on with the proposals leaking 
out about President Reagan’s plans for reorganization. Presi- 





namoured of a cabinet-level Department of Science, apparently 
undeterred that this idea has been proposed more than a hundred 
imes in the past twenty years, according to the Congressional 
esearch Service. The proposed Department of Science would 
assemble under it all the research agencies of the federal 
government except agriculture, defence and those inextricably 
bound to.a regulatory function, which means the Environmental 
Protection Agency and the Food and Drug Administration. So its 
Omponents would include the National Science Foundation 
; (now an.independent agency), the National Bureau of Standards 
and. the National Oceanic and Atmospheric Administration 
which have always been somewhat out of place in the 

Department of Commerce), the National Institutes of Health, the 








“research components of the National Aeronautics and pa 


Administration (NASA) and of the Department of Energy (which 
department the Reaganites want anyway to eliminate) and the US 
Geological Survey. 

Meanwhile, the murmurs are growing about plans drastically to 
reduce or even eliminate the Office of Science and Technology 
Policy (OSTP), the science adviser’s office. The uncharitable 
(and probably wrong) interpretation is that Keyworth does not 
want any rivalry when he becomes the first Secretary of Science. A 
more likely interpretation is that even a vaguely independent 
office is a threat to the finely tuned political operations of the 
White House. 

Although the idea of a Department of Science is probably less 
political (in the bad sense of the word) in origin, it is equally 
troublesome. And it is emphatically not in the category of 
cosmetic reorganizations. It has major consequences, not all of 
them good, To be sure, a cabinet-level department would, as they 
say in Washington, enhance the ‘‘visibility’’ of science; while 
OSTP, as an advisory body, can simply be ignored (and would be 
without the personal rapport that Keyworth apparently enjoys 
with Reagan), a Department of Science would have to be listened 
to in budget deliberations. And surely it would be better for 
science to have science budgets reviewed in the context of science 
budgets, not weighed against other pet projects that an agency 
may be pursuing. This would be especially true for space science, 
which must now compete within NASA against monstrosities 
such as the space station, created by NASA principally to 
perpetuate its institutional existence. 

But the dangers are enormous. Unaesthetic though the present 
hodge-podge of science agencies may be, it serves a very real 
purpose in allowing expression for a diversity of views for the 
support of science. Putting them all together would render the 
entire federal research and development budget vulnerable to the 
sort of short-sighted political manipulations that, hitherto, have 
mercifully not afflicted more than one agency at a time. 
(Remember Research Applied to National Needs?) Worse, a 
cabinet-level department would be a perfect political plum for a 
political hack. Scientists may not always make good 
administrators, but they tend not to go far with half-baked 
schemes. The tradition of putting scientists in charge of science 
agencies has on the whole proved sound. 

As for OSTP, it has obviously become a target for the political 
cosmeticians in the White House who ensure that the television 
cameras are always in the right place at the right time and that 
reporters are not given the opportunity to ask questions to which 
the President does not know the answers. As exceedingly careful 
as Keyworth has been to back the party line, even when that has 
meant making dubious statements about star wars and space 
stations, he is nonetheless regarded as an unnecessary risk by 
those who want all decisions made on the basis of political 
appearance. Similar reasoning explains the ambition to eliminate 
the Council of Economic Advisors, which has been on the hit list 
ever since Martin Feldstein dared to suggest that $200,000 million 
deficits might have something to do with high interest rates. (The 
Council on Environmental Quality was all but eliminated four 
years ago, when the entire staff was fired and replaced by political 
familiars from Reagan’s time as governor of California.) 

OSTP, as now constituted, strikes a reasonable balance 
between window-dressing at one extreme and centralized control 
of federal research (which is what a Department of Science would 
do) at the other. The critics are right when they say it is weak 
because it is only advisory; that is what it should be. 

Many who depend on one agency or another for their 
livelihoods will predictably oppose on narrow grounds any 
changes in the status quo. But they need not apologize for 
entertaining serious reservations about the proposal for a Depart- 
ment of Science, which should (and probably will) end up in the 
same place as it has on the 99 previous occasions it has surfaced. 
But the worrying aspect of these proposals is that they appear to 
be independent. OSTP could die an early death, and the plan fora 
Department of Science a lingering death in Congress. And then 
there would be nothing. E 






Nuclear winter 






Washington 
_ A NATIONAL Academy of Sciences panel 
has concluded that* while the ‘‘nuclear 
_ winter” scenario — recently popularized 
by Carl Sagan — is a ‘‘clear possibility”, 
the uncertainties. are so great as to make it 
impossible to “put a number on the tem- 
perature changes or other climate effects’’. 
George Carrier of Harvard University, 
: chairman of the panel, said he believed that 
both Sagan and Edward. Teller, his most 
‘prominent critic, have been taking the 
results of recent calculations of the climatic 
ffects of nuclear war ‘‘too literally’’, and 
rent atmospheric models can at 
st give “‘indications’’ of the magnitude 
f the global cooling that might follow an 
all-out nuclear exchange. 
< -Tn testimony to Congress and in repeated 
' public statements, Sagan has raised the 























er Crackling log fires... 
Snowmen... hot punch....sledging.... 
a~ all- American... 


= possibility that the fall in temperature fol- 
"lowing a nuclear war would be so great (37 
. degrees centigrade, according to his model 
| calculations) and of such duration (several 
months or longer) that the survival of the 
-human race would be threatened. 
=> The panel’s calculations produced simi- 
; dar results — a cooling of 20 to 25 degrees 
centigrade in the Northern Hemisphere, 
= Jasting for 6-20 weeks. But throughout 
_ their report, the panel stressed that uncer- 
© tainties in both the assumptions and the 
_-models could vastly alter these numbers. 
_ The major uncertainty identified by the 
-panel is the quantity of smoke that would 
“be generated in fires-set off by nuclear 
«blasts. Small smoke particles are very 
efficient absorbers. of solar radiation; the 
panel estimated that 180 million tonnes of 
smoke would be produced in a nuclear war 
“that involved half the world’s nuclear 
_- arsenal, and that more than.90 per cent of 
_- the incoming sunlight would be absorbed 
as a result. But the plausible range of 
_ smoke emissions is great, from 20 to 650 
_ amillion tonnes; and because of the expon- 
ential relationship that. determines total 
Absorption, the light loss would diminish 
apidly as the amount of smoke drops 
elow 40 or 50 million tonnes. 
_ Even with additional research, the panel 






©. The effects: on thè atmosphere of a major nuclear exchange, 
ni National Academy Press, Washington, DC, 1985, $14.50. 


US National Academy 
urges greater caution 









acknowledges, the climate effects of 
nuclear war will not be defined with great 
precision in the next few years. Indeed, be- 
cause many factors depend on human deci- 
sions that can be changed at will, any 
calculation involves a significant measure 
of irreducible uncertainty. 

The panel raised several apparently new 
questions about the nuclear winter pheno- 
menon. One is the seasonal variations. The 
panel’s global-circulation model calcula- 
tions suggest that the effect would be much 











greater in the summer than in the wint 
And models of spring and summer cond 
tions also suggest that a large transport of 
smoke particles across the Equator could 
occur in those seasons, spurred by. solar 
heating of the debris cloud. 
The panel’s study was commissioned by 
the Department of Defense early in 1983, 
several months before Sagan publicized his 
findings. Although the report was. com- 
pleted almost a year ago, it went through an 
arduous review process before its release. 
last week. A number of reviewers had 
strongly opposed: the inclusion of 
numerical results, no matter how- strongly 
qualified, arguing that they would be mis 
interpreted. Indeed, several newspapé 
accounts reported the academy as hav: 
given its “seal of approval” to Sagan’s 
conclusions. Stephen Budiansky 





























Uncertainties of climatic change 


THE academy report on nuclear winter 
studiously avoids the use of that term, even 
in quotation marks. The bulk of the report 
is concerned with the analysis of the 
assumptions on which calculations of the 
climatic effects of the nuclear war have 
been based. The committee has not con- 
structed climatic models of its own, but has 
persuaded climatologists to re-run their 
models with different assumptions. 

The committee’s starting assumption is 
that 6,500 megatons of Soviet and US 
nuclear weapons would be detonated in 
northern mid-latitudes (compared with the 
5,000 megatons in the Turco et al. baseline 
case). This hypothetical war involves war- 
heads yielding 1.5 megatons or less, 
directed at hardened missile silos (one 
ground-burst each) and at economic tar- 
gets (mostly in populated centres). But one 
of the variants considered includes an extra 
100 20-megaton explosions. 

For the study’s baseline case, the 
quantity of the fine sub-micrometre dust 
carried into the stratosphere works out at 
15 million tonnes (but could be twice as 
much), rather less than that calculated by 
Turco et al, But the addition of 20-megaton 
explosions makes it credible that 1,000 
million tonnes of fine dust might be lofted 
there. 

The academy study agrees with the con- 
clusion of Turco etal. that soot carried into 
the stratosphere from fires ignited by 
nuclear explosions would have a more 
marked effect than dust on the flux of solar 
radiation absorbed in the atmosphere, 
chiefly because of the abundance of par- 
ticles with sizes of the order of 0.1 
micrometres in the smoke from burning 
fires. 

The most important part of the report is 
the committee’s careful discussion of the 
variables affecting smoke production, to- 
gether with its review of the observations 
(from forest fires, for example) leading to 
the view that the size-distribution of the 
particles is log-normal. The conclusion is 








that in the baseline case, 180 million tonnes’ © 
of smoke would be produced (five-sixths of | 
it from urban fires), that most of this would. 
be distributed in the lower 9 kilometres of. 
the troposphere and that very little would: 
be injected into the stratosphere. i 
In the committee’s baseline: case 
250,000 square kilometres each of fores 
and urban landscape would be burned 
with urban areas yielding 100 times. 
much smoke (3 g cm?) as forest 
Uncertainty stems from possible variatio 
not merely in smoke loading but also in 
optical properties of the smoke partic! 
and, in particular, the efficiency of the par- 
ticles in absorbing visible radiation. The. 
committee says that it cannot combine its 
estimates. of uncertainty due to separate. 
parameters because so little is known of the 
dispersion of the various sources of error.’ 
Among the sources of error in the model 
calculations of the climatic effects of these 
smoke loadings, the committee singles out. 
the impossibility, as things are, of incor- 
porating into climatic models ‘‘the cloud. 
microphysical processes that are primarily. 
responsible for the removal of particulates 
from the atmosphere”, ; 
The results of the modelling studies 
carried out for the committee are 
qualitatively similar to those of Turco et ai. 
Briefly, in the first few days after a nuclear 
exchange on the scale assumed, the 
Northern Hemisphere would contai 
several patches above which the optical: 
depth of the smoke-laden atmosphere 
would exceed 20 (where the optical depth is 
the natural logarithm of the ratio of 
incident and transmitted intensities). Tem- 
peratures beneath the cloud of smoke: 
would indeed be sharply decreased, in thë- 
worst case by a maximum of 35 degrees. 
centigrade over six months but, with. 
different assumptions about the speed with 
which smoke would be removed by 
rainfall, by a maximum of 15 degrees 
centigrade and to a substantial extent over 
a period of a month. E 



























































































































Japanese universities 


Tokyo 

JAPAN’s private universities are making 
“plans to get rid of their reputation for prof- 
“ligacy and mismanagement by voluntarily 
opening their account books to the public. 
Their poor image has recently cost them 
dear — three years of cuts in government 
subsidies have pushed more than half of 
them into debt and are forcing them to cut 
back on facilities and scholarships. 

At present, Japanese law does not 
require private universities publicly to 
declare the source of their income or how it 
is spent, and much of their financial 
management has been veiled in secrecy. 
What has become visible has often been the 
-result of a scandal: universities have faked 
reports of their expenses in order to receive 
larger subsidies, have taken huge ‘‘dona- 
tions’’ to bend the admission rules for sub- 
standard students and have paid excessive 
salaries to directors and professors. Ugly 
internal feuds have also sometimes broke 
out: a short while ago, one board director 
owas stabbed to death in a factional 
“squabble over university management. 
Most of the scandals have been restricted to 
¿the smaller schools but even the leading 
universities have not been immune; one of 
the bigger medical schools is at present 
under fire for bending entry requirements. 
Now, the Federation of Private Univer- 
sity Associations, to which all but 4 per cent 
of the private universities belong, is pre- 
paring guidelines for the public voluntary 
announcement of financial reports. It is 
hoped that greater openness will give the 
universities the public support they need to 
halt the steady cuts in the government 
subsidies. 

In the 1982 fiscal year, subsidies were 
frozen, in 1983 they were cut by 2.3 percent 
and in 1984 by another 12 per cent. Less 
than 20 per cent of universities’ expenses 
are now met by the government; a few years 
“ogo it was 30 per cent and the original plan 
was to finance 50 per cent of their expenses. 
The result is that college deficits have hit 
new highs. The 82 members of the Japan 
League of Private Universities, including 
such important universities as Keio and 
Waseda in Tokyo and Dooshisha in Kyoto, 
have run up cumulative deficits that passed 
< the 100,000 million yen (US$416 million) 
mark at the end of the last fiscal year. With 
income not covering expenditure in 45 uni- 
versities, cuts are being made in facilities 
and scholarships. 

The government is already considering 
‘another cut next year, or at best a one per 
cent increase which will not even match in- 
flation. There is little doubt that govern- 
„ment officials, faced with Finance Ministry 
demands for further austerities, have taken 
advantage of criticisms of high salary levels 
in the private universities to single them out 
< for cuts. But at the same time, their policy 
“makes little sense in the light of the present 











Private sector under new stress 


demographic situation and calls for 
increases in the number of researchers for 
Japan's “high-tech revolution”. 

As the children of the post-war baby 
boom reach university age, a massive 
increase in the number of university 
students is expected: the Ministry of Edu- 
cation is expecting an additional 86,000 
enrolments a year in the early 1990s. But 
the boom will be short-lived — it will last 
only from 1986 to 1992, after which the 
population of 18-year-olds will fall 
dramatically. At present, 80 per cent of 
students go to private universities and the 
Ministry of Education wants to keep this 
constant; 80 per cent of the bulge is thus to 
be taken up by private universities. But far 
from preparing for the rush, private 
universities are now actually cutting back. 

The only other way to pay for new facili- 
ties is to increase tuition fees, but there are 
signs that they are already close to what the 
market can bear. The average Tokyo 
family already spends 64,000 yen ($267) a 
month on education. For those with a child 





a private’ university and another at ¢ 
rene high school, average expendituri 
on schooling comes close to 40 per cent o: 
total living costs. 

What seems likely in the near future i: 
that private universities will simply take or 
more students without a substantia 
increase in staff or facilities. This wil 
inevitably lead to a decline in standards 
Private schools on average already spenc 
per student only a quarter of what a state 
university can afford, the student- 
professor ratio is three times as high anc 
classroom space per student one-third tha’ 
in a state university. Few private univer- 
sities can match state university standards. 

These are problems that will clearly nee¢ 
urgent discussion in Prime Ministe 
Yasuhiro Nakasone’s Educational Reform 
Council, which has already begun its deli 
berations (see Nature 309, 739; 1984). 
Nakasone has himself stressed the need foi 
increasing diversity in higher education, 
which he believes can be provided by the 
private sector. But the council has so far 
concerned itself largely with primary and 
secondary education and by the time it 
delivers its final report in 1986 the student 
boom will have begun. Alun Anderson 





Gilbert resigns from Biogen 


Washington 
Dr Walter Gilbert, who gave up his faculty 
position at Harvard University to run the 
biotechnology company he founded, has 
now resigned as chairman of the company, 
Biogen. His action came after months of 
rumours about friction between Gilbert 
and members of the board, particularly 
those members with business experience. 
Gilbert will continue to serve on 
Biogen’s science advisory and supervisory 





Dr Walter Gilbert with new chief executive 
Mark Skaletsky 


boards. A new chairman is expected to be 
chosen in February. 





Biogen recently fired 16 per cent of its 
staff, a major cutback that some industry 
analysts interpreted at the time as a 
message to Gilbert of the board's dis- 
satisfaction. Spokesmen for the company 
maintain, however, that the lay-offs were 


part of a general ‘‘house-cleaning”’ 
designed to increase efficiency and check 
the company’s overly rapid growth. 
Genex, another biotechnology company 
that has been growing very rapidly, an- 
nounced a similar retrenchment this 
month. 

Even with the lay-offs, Biogen will have 
grown 20 per cent this year, and further 
staff increases are expected in 1985. The 
company has a strong financial footing, 
with enough amassed capital to continue 
current programmes for several years 
before marketing its first products, accord- 
ing to Scott King, an analyst for Mont- 
gomery Securities. Although the company 
was able to raise only half of the $60 million 
it had sought for a limited research and 
development partnership, it was able to put 
up the remaining $30 million from internal 
funds. 

Zsolt Harsanyi, vice-president of E. F, 
Hutton, says that some of the company’s 
rapid growth may be attributable to the 
phenomenon, familiar on Wall Street, of 
“presentation of growth’’ — the desire of a 
company going public to give the appear- 
ance of rapid expansion. 

The explanation may apply to Genex as 
well, although Genex seems to have run 
into more serious financial straits. A Genex 
spokesperson said that a number of costly 
design changes had been necessary in its 
phenylalanine plant, at present under con- 
struction in Paducah, Kentucky. Phenyl- 
alanine is the starting material for aspar- 
tame, the soft-drink sweetener. The lay- 
offs are expected to save Genex more than 
$1 milliona year. Stephen Budiansky 
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Proton decay 











ITALIAN high-energy physics is now the 
proud possessor of the largest artificial 
subterranean cavity in the world. The 
objective is to mount a refined measure- 
ment of proton decay. But how this will be 
done will be decided only after an 
international meeting to be held in Rome 
next April. 
2 The 100,000-m? cavern, 4,000 metres 
under the Gran Sasso in the Apennines, is a 

-by-product of the construction of what is 

‘claimed to be the largest. pair of road 

tunnels in the world, linking Rome by 
autostrada to the Adriatic coast. The 

‘cavern has cost the Italian physics budget 
nothing, but has been built at a cost of 
80,000. million lira (£32 million) by the 
Ministry of Public Works, partly as a 
‘means of providing jobs. But now it must 

_be equipped, at a cost estimated at 80,000- 
100,000 lira. 

“Phe Gran Sasso experiment could be- 
come the most advanced proton decay 
measurement in the world, if only the 
money for instrumentation is forthcoming. 
According to one British physicist involved 
in another proton lifetime experiment, the 
Italian plans are ‘‘very futuristic’’ and the 
physicists may be “‘slightly embarrassed by 
the size of their hole’’. Proton decay is one 

of the testable predictions of ‘‘grand 

unified theories’? linking all fundamental 

-forces except'gravity ina single theory; the 
existence of magnetic monopoles is one of 

“tnany others. 

Professor. Antonino Zichichi, the ex- 
president of the Italian institute for nuclear 

‘physics (INFN), who planned the Gran 
Sasso hall, says that while some of the cost 

will be met from Italian sources, inter- 
national support from Europe and the 

United States will also be necessary. Next 
April’s meeting will debate the nature of 

“the equipment to be installed in Gran 
“Sasso, and specifically whether it should be 

~ 10,000 tons of water (to detect decay 
products such as pions, which travel faster 
“than the speed of light in the medium, by 

- their Cerenkov radiation), or some other 

form-of particle detector. 

o Water is the cheapest solution, but 
another, 10,000-ton water experiment has 

“been under. way in a salt-mine under Lake 

. Michigan for a year without detecting any 
definite decays. The simplest grand unified 
theory is now generally considered ruled 
out by the Michigan result. So it may be 

“necessary to equip Gran Sasso to detect, 
for example, slow kaons (too slow to make 

Cerenkov light in water) which result from 

“proton decay in the more sophisticated 

: grand unified theories now favoured. 

>» Otherproton decay experiments under 

_way or planned in this area are: 

n Italian measurement 5,000 metres 

under Mont Blanc, which has been running 

“since 1981 but. with a small (150 ton) 

detector mass. After the Michigan result, it 






































taly’s largest hole in ground 


now seems that the detectable lifetime of 
the proton will be beyond reach of this 
experiment, although it has recorded one 
unexplained event. 

@ An experiment in the Kolar gold mine in 
India, of similar scale and age, which 
claims three unexplained events. 

@ A Franco-German experiment in the 
Fréjus rail tunnel 4,900 metres under the 
Alps, between Turin and Lyon, using 
1,000-1,500 tons of water crossed by 
thousands of detector-sandwiches. 
Although this experiment uses water, it 
may be able to detect kaons through decay 
products of the kaons themselves. 

@ A 1,000-ton calorimetric US-British 















experiment that is under cons 
1,800 metres deep in an iron mine i 
Minnesota. 

Dr Wade Allison of the University of: 
Oxford, who helped design the detector, 
says this Minnesota equipment will be well: 
able to detect kaon decay modes, and tha 
it may not be necessary to build detectors as 
big as 10,000 tons to get interesting results. 
All existing detectors are finding ‘‘inex- 
plicable” events at the rate of 10 per year. 
per 1,000 tons of detector, he says. ‘These. 
events are isolated in the chamber and d 
not, on the face of it, seem to be. prot 
decays. But he suggests that they may 
strange interactions of neutrino 
emanating from cosmic-ray showers in th 
upper atmosphere or even experim 
artefacts, but that the Minnesota exp 
ment should decide. Robert Walgate 





High-energy physics 


Italian budget to be doubled 


THE Italian institute for nuclear research 
(INFN), which supports most of Italy’s 
basic research in high- and low-energy 
nuclear physics, is likely to have its budget 
for 1985 more than doubled, to a total 
of 194,400 million lira (£85 million). This 
sum excludes the 50,000-million lira 
subscription to CERN, the international 
organization for nuclear research near 
Geneva. 

This increase is a mark of the Italian 
government’s will to build on Italy’s im- 
portant position in world high-energy 
physics, attested by Carlo Rubbia’s recent 
Nobel Prize for the discovery of the W and 
Z particles. The increase will pay for Italian 
participation in HERA, the German elect- 
ron-proton collider now under construc- 
tion in Hamburg, a large proton lifetime 
experiment under the Apennines and other 
major projects including a study of a 
50-TeV proton-antiproton collider (the 
ELOISATRON) which might be built in 
southern Italy. 

This expansion in Italian high-energy 
physics makes a telling contrast with the 
falling support for nuclear and high-energy 
physics in countries such as Britain, where 
domestic spending has fallen by 55 per cent 
over the past decade. Moreover, the 
Italians have a lesson for the British; the 
problem lies with the physicists, who have 
failed to make their subject popular, and 
not with the politicians, says the now ex- 
president of INFN, Professor Antonino 
Zichichi. After “tremendous efforts” to 
popularize particle physics in print, in 
person, in theatres all around the country 
and on television, in flamboyant exercises 
which have sometimes brought him scorn 
among the less adventurous, Zichichi has 
fired the Italian imagination and won 
support for the first three years of his 
ambitious five-year plan for INFN, pro- 
posed more than a year ago. ‘‘You must 
convince the people first”, says Zichichi, 
‘tand the politicians will follow’’. 





This is why, Zichichi claims, the Italian 
parliament’s budget committee and. th 
lower house have already approved his 
plan. The senate is expected to follow soon 
The figures give INFN 194,400 million lira 
next year, 220,000 million in 1986 and 
230,000 million in 1987, even above the rate 
implied by the 1 million million’ tot 
requested in the five-year plan. 

INFN’s present president, theori 
Nicola Cabbibo, is cautiously awaiting t 
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senate’s decision before making any state: 
ment, but Zichichi considers the senate 
vote a formality. 
Apart from rousing popular support f 
high-energy physics, Zichichi also claims 
have shown politicians the benefit of indus- 
trial involvement. Italian companies will be 
building many of the superconducting: 
magnets and some of the electronics forthe 
German HERA, thus putting Italy inä: 
good position in a field where the- 
technology is changing rapidly and 
industrial applications cannot be far off 
The proton lifetime and other experiment: 
in an artificial cavern under the mountain. 
Gran Sasso has also provided employment.: 
in a region where jobs are scarce. During: 
his campaign for a bigger budget, Zichichi 
has zealously exploited all these side- 
effects of high-energy physics. To those 
who have laughed at him, it seems he can 
now laugh back. Robert Walgat 






Genetic pesticides 





Monsanto goes ahead with trials 































































‘Washington 
HE Monsanto Company will shortly 
notify the Environmental Protection 
Agency of plans for the first field test of a 
genetically-engineered microbial pesticide. 
- In doing so, Monsanto will become the first 
company to break with the convention 
whereby private companies have volun- 
tarily sought approval for genetic 
“engineering experiments from the Recom- 
binant DNA Advisory Committee (RAC) 
ofthe National Institutes of Health (NIH). 
The proposed test consists of planting 
corn seeds coated with a modified strain of 
Pseudomonas fluorescans expressing the 
gene for Bacillus thuringiensis toxin. This 
toxin has been used for many years as an 
insecticide, and protects growing corn 
~ plants from attack by black cut worm. P. 
« fluorescans is found naturally in 
association with corn roots, and it is hoped 
‘that the modified bacterium could be a 
` continuous in situ source of insecticide. 
- Thecompany’s decision to sidestep RAC 
was doubtless influenced by a preliminary 
injunction granted last spring by US 
District Court Judge John Sirica which 
-prevents NIH from approving field trials of 
recombinant organisms without first pre- 
paring a formal environmental assessment 
ona field trial “‘program’’. The case is now 
before the US Court of Appeals. However, 
the injunction applies only to institutions 
that receive federal funds for research. 
nge Sirica’s injunction was granted, the 
Environmental Protection Agency (EPA) 


Washington 
TRE Environmental Protection Agency 
- (EPA)’s competence to regulate environ- 
mental releases of genetically engineered 
. microorganisms came under harsh scrutiny 
“Tast week in Congress. At a hearing on bio- 
technology chaired by Representative John 
Dingell, EPA’s assistant administrator for 
research and development, Bernard 
_ Goldstein, was grilled on an internal EPA 
‘memorandum asserting that the agency 
_ had “‘insufficient resources and no desig- 
. nated management plan for developing a 
cross-cutting biotechnology assessment 
programme in 1985’’. 
| The memorandum, by John Fowle, bio- 

technology coordinator in EPA’s office of 
research and development, indicates that 
he office has 6.9 full-time equivalent staff 
nd $1.3 million dollars committed to bio- 
_ technology assessment in 1985. It con- 
eludes that 20 full-time staff and $4 million 
would be required for a “credible” bio- 
lechnology programme, which would have 
-30 per cent of resources devoted to 
ndamental research. 
Representative Gerry Sikorsky said that 
biotechnology assessment was low on 











has moved to assert its jurisdiction in this 
area. The agency published an interim 
policy for field trials of modified 
organisms in October (see Nature 25 
October, p.695). 

Under the new EPA policy, 90 days’ 
notice must be given for field tests of ‘‘gen- 
etically altered or manipulated” organ- 
isms. The test will be allowed to proceed if 
EPA raises no objection. Although EPA 
will not formally call on RAC to examine 
the experimental protocol, there is ‘‘total 
agreement’’ between EPA and RAC on the 
sort of data that are needed to support a 
notification, according to Dr Amy Rispin 
of EPA. EPA has representatives on some 
RAC subcommittees, thus ensuring ‘‘com- 
monality of approach’’. Its actions in 
moving to regulate environmental releases 
of altered organisms have generally re- 
ceived high marks in the industry. EPA will 
require information on how the modified 
organism has been constructed, on the 
ecology of the host organism and on how 
release will be performed. Outside con- 
sultants will be employed to review areas 
where EPA has insufficient in-house 
expertise. 

Monsanto has conducted preliminary 
greenhouse and growth-chamber experi- 
ments with P, fluorescans which indicate 
that it survives in corn plant roots for only 
8-10 weeks if applied to the seed at plant- 
ing. The modified strain does not even 
survive that long, according to Dr Robert 
Kaufman of Monsanto. Levels of expres- 





Agencies vie for control 


EPA’s list of priorities and lamented that 
he ‘heard a lot of good talk” about regula- 
tion of biotechnology but that ‘‘there’s 
little going on so far”. Dr Goldstein said 
the biotechnology budget for fiscal year 
1985 within the agency was more than $1.6 
million, but that the total budget for 
process regulation exceeded $50 million, 
EPA is not the only agency where atten- 
tion is being given to regulation of bio- 
technology. Orville Wright, assistant sec- 
retary for science and development at the 
US Department of Agriculture, endorsed a 
proposed National Biological Impact As- 
sessment Program to be located within the 
department. The programme would be re- 
search-based and would carry out ‘‘step- 
wise’’ assessments of proposed environ- 
mental releases of modified organisms. It is 
unclear how such a programme would be 
used by other regulatory agencies. Dr 
Bernadine Bulkley of the White House 
science office said the office would shortly 
propose a new interagency scientific review 
mechanism to ensure the best scientific 
advice is brought to regulators and to mini- 
mize overlapping jurisdictions. 
Tim Beardsley 





parable with those i in the source bacterium, 

and other metabolites also appear to be 
expressed at normal levels. B. thuringiensis 
toxin is specific to lepidopterous insects in 
its effects. 

The test will be conducted at a research 
farm near Monsanto’s headquarters at St 
Louis, Missouri, on a plot measuring less 
than one acre. The persistence of the modi- 
fied bacterium will be monitored by tests 
specific to the toxin gene and the protein 
product. Kaufman points out that the bac- 
terium is easily destroyed by household 
bleach, and that fumigation with methyl 
bromide could also be used to prevent the 
spread of the organism should it not behave 
in the test as expected. If the bacterium 
does decline after a few weeks, like the 
natural variety, it may be left in the soil 
over winter to see whether it will reappear 
spontaneously the following year. 
Kaufman will not be drawn on whether the 
new organism is likely to be economically 
competitive as a pesticide, saying the modi- 
fied organism to be treated is still a ‘‘proto- 
type”. Tim Beardsley 





US food agency 


Passing the hat? 


Washington 

THE new Commissioner of the Food and 
Drug Administration (FDA), Frank 
Young, seems to have taken to heart the 
spirit of the season — budget-cutting, that 
is — by circulating within the agency a pro- 
posal to defray some of FDA’s research 
costs with private contributions. 

The idea is apparently not a new one; 
each time it has come up before, worries 
over the obvious conflict of interest prob- 
lem have resulted in a quick burial of the 
proposal. But given the enthusiasm of 
President Reagan and his appointees for 
“user fees” and for government-industry 
cooperation, the idea may survive at least a 
bit longer this time around. It has in fact re- 
ceived a strong endorsement from the 
scientific advisory board of the National 
Center for Toxicological Research, the 
FDA laboratory in Arkansas that carries 
out studies of the health effects of food 
additives, drugs and other substances. 

As foreseen by Young, corporations and 
private foundations would contribute toa.” 
“blind trust’? that would support the 
agency’s research. Contributors would not: 
be able to earmark their money for any 
specific projects. Presumably, the contri- 
butors from the food and drug industries 
would benefit in particular from research 
carried out by FDA on test methodologies. 
(In general, the manufacturers are required 
to perform their own safety testing on 
products they submit to FDA for licensing). 

An FDA spokesman emphasized that 
Young had in no way committed himself 
to the idea and that, in any event, its 
implementation would require legislative. 
approval. Stephen Budiansky 













a Labo atory animals — 


Research alarm at Israeli bill 


Rehovot 
__ ISRAELI researchers are concerned that a 
< bill for the regulation of experiments on 
animals now before the Knesset will, if 

passed, seriously impede research. 
j Introduced by M.K. Eliahu Speiser, it 
_ prohibits experiments ‘‘except where they 
care essential’. Exactly what will be con- 
_ sidered. essential is to be defined by 
_Minister-of Health Mordechai Gur after 
consultation with a special nine-member 
< advisory committee, which would include 
-= two. doctors, two veterinarians, a repre- 
: sentative of the Association for the Pre- 
vention of Cruelty to Animals, the director 
_- of the Biblical Zoo, representatives of Tel 
Aviv University and Bar-Ilan University 


cand; last but not least, a rabbi recom- 


/ mended by the Minister of Religious 
Affairs, 
~.. The bill calls on each research centre to 
-appoint a person who will supervise experi- 
_oments on animals and who would bear 
criminal responsibility — which could 
mean a fine of up to US$17,000 and/or a 
year in gaol — if the regulations governing 
"such experiments are violated by anyone at 
` his institution. 

Weizmann Institute Professor Benjamin 

Geiger, who heads. the institute’s com- 
< mittee of experimental animal users, agrees 
hat experiments must be: regulated but is 
t pleased with the bill asit now stands. 
_ What bothers him in particular is the make- 
: up of the proposed advisory committee, 
- which he believes should be composed pri- 
¿ marily of active scientists with both a con- 
--eern for the welfare of animals and an 

“understanding of research needs. Such 
_ people would be aware of the pitfalls in- 
< volved. in any attempt to define ‘‘essential 
“research”. After all, Geiger notes, ‘‘pro- 
bably not more than 10 per cent of all 
experiments yield applicable results, but if 
` you don’t carry out the whole 100 per cent 
“you'll never reach the important 10 per 
ris cent”. 

«Geiger also challenges those who would 
- bar experiments on animals if the results 
< are “only” of industrial or commercial sig- 
“nificance. ‘Whatever importance one 
“attaches to cosmetics, for example, it 
-would be irresponsible to market new ones 
before they have been tested on animals’’, 
he declares. 

Finally, Geiger does not think that the 
problem of animal mistreatment is likely to 
be widespread in Israel because major re- 
search centres here already abide by their 
«own strict animal welfare regulations as 
“ wellas those set down by the US National 
: Institutes of Health and other grant- 
making agencies. 

The head of the Weizmann Institute’s 
inki committee’ (for approving 
“experiments: involving human beings), 

Professor Irun Cohen, raises another ques- 

tions ‘How. is it possible”, he asks, “to 




















have an outside body threaten scientists 
who use animals in their experiments with 
the imposition of a stiff fine and even a gaol 
sentence while allowing them to police 
themselves when it comes to studies on 
people?’ 

The Speiser bill is supported by Israel’s 
Animal Liberation Group headed by Dr 
Andrew Menashe, a veterinarian with the 
Israel Society for the Prevention of Cruelty 
to Animals. In fact, Menashe thinks the bill 
does not go far enough, and he looks for- 
ward to the day when tissue culture tests 
and computer modelling will be substituted 
for all experiments on animals. 

Like his counterparts elsewhere, 
Menashe also argues that tests on animals 
say very little about people. While noting 
that in vitro studies are adequate in some 
cases, in others, he argues, ‘‘you can’t 
jump straight from Petri dishes to people”. 

Speiser agrees. Indeed, as an ex-biologist 
whose wife is a doctor, he realizes the im- 
portance of biological research, including 
that carried out on animals, ‘‘But’’, he de- 
clares, ‘‘these experiments must be prop- 
erly supervised, and they aren’t at 
present.” Nechemia Meyers 





Academic open shop 


Tokyo 

JAPAN’S Ministry of Education is shortly to 
take steps to loosen up the academic system 
by enabling people from the non-academic 
world to become university professors. 

At present, a strict set of ordinances, the 
university chartering criteria, makes it vir- 
tually impossible for anyone who has not 
followed a conventional academic career to 
become a professor or assistant professor 
in a state university. A professor must, for 
example, have either a doctorate or equiva- 
lent university research experience, or must 
have taught for more than a certain number 
of years at a university. Under the regula- 
tions now being planned, any person 
“recognized as competent in education 
and research’’ would be considered as eli- 
gible for a professorial post. 

The change comes in response to the 
rapid growth in the number of highly 
talented researchers working outside the 
academic system — in research labora- 
tories in private industry for example. 
Similarly, other trained people who could 
have something to offer the universities — 
judges, lawyers, ex-ambassadors and jour- 
nalists, for example — will become eligible 
for university posts. Indeed, many such 
people already lecture in universities but 
are restricted to the status of ‘‘part-time 
instructor”. If this injection of ‘new 
blood” proves successful, it is likely that 
further changes will be made to allow 
foreigners the same access to university 
posts. Alun Anderson 














New Year firs 


Soviet yolki 
cabstitutes 


CONSCIENTIOUS Soviet citizens should cele- 
brate the coming new year without the 
traditional decorated fir-tree (volka), the 
weekly Literaturnaya Gazeta urged-at the 
beginning of October. A special corres- 
pondent from Armenia, Zorii Balayan, 
gave a glowing account of the 25-year cam: 
paign to outlaw the felling of fir-trees for 
yolki which resulted, last New Year, in ne 

a single fir-tree being sacrificed to the 
festivities. The outcome, Balayan wrote 
was an estimated saving to the economy 
some 1.5 million trees which could now go. 
to the paper and cellulose mills, th 
building industry or for the manufacture of 
vitamin C. Who will follow the Armenian 
example, asked the Literaturnaya Gazeta? 

This is not the first time that yo/ki have 
been discouraged in what is now the Soviet. 
Union. In 1914, Christmas trees ‘were 
banned by the Holy Synod of the Orthodox 
Church as a “‘pro-German’”’ influence. (in 
spite of more than 200 years of cultural 
acclimatization since their formal intro- 
duction as part of Peter the Great’s policy 
of ‘‘westernization’”’). They made. a full 
come-back into Soviet life in 1941-4 
when the necessities of war demanded tt 
fostering of all national traditions, pr 
perly cleared of undesirable class and 
religious connotations. 

Armenia, which is far distant from: th 
North European traditions which engen- 
dered the mid-winter custom of decorating 
fir-trees, must have seemed a suitable area 
from which to eradicate the custom 
altogether. The first law forbidding the 
felling of yolki was passed in 1959, but in. 
spite of numerous ‘‘educational’’ cam- 
paigns, felling of firs stopped only when 
every family could be provided with a 
reasonable plastic substitute. 

Meanwhile, elsewhere in the Soviet 
Union, particularly in the northern and 
western republics, the annual felling of 
trees, including ‘‘poaching’’ from. parks 
and nature reserves, still persists. A 
somewhat pathetic announcement broad- 
cast on the Moscow home service by the 
Ministry of Light Industry of the Russian 
republic in mid-October offered conser- 
vation-minded citizens two variants of. 
plastic trees, one with shaggy ‘‘snow’’- 
covered branches and a new ‘“‘fluffy’’ 
model, produced from granulated poly- 
thene by injection moulding. Both types 
had been awarded the state ‘quality 
mark’’, it was stressed. 

How far the Soviet public has responded. 
to this virtually unprecedented "com: 
mercial’’ will be seen only on New Year’s 
Eve. It is noteworthy, however, that so far 
no educationalist has thought fit to revise- 
the song Russian children sing around. the 
tree, ‘‘Allin the woods was Yolka born, All 
in the woods she grew!” Vera Rich 












EUROPEAN high-energy physicists are so 
committed to the future of one laboratory, 
e European organization for nuclear 
“research (CERN), near Geneva, that peer 
_teview is no longer a disinterested 
“mechanism for judging the validity of 
“CERN projects, two University of Sussex 
Social scientists claim in a paper in the 
“journal Research Policy, published today. 
=: Rather, they claim, ‘‘systematic data” 
“on past performance and future prospects 
OF CERN, and laboratories like it, must be 
__ collected, and presented in a form “‘access- 
ible not just to researchers in the speciality 
ncerned, but also other scientists, policy- 
makers and even the general public’’. The 
authors, Ben Martin and John Irvine have, 
: Of course, done such a thing. 
This paper* is the third and last of a 
series on CERN, and it concentrates on the 
decision-making that led to the adoption of 
LEP, the large electron-positron collider, 
‘as. CERN’s next project. But whereas the 
authors’ previous papers have amounted to 
no more than historical research, the latest 
nstalment strays into policy statements 
‘hat are inevitably contentious. 
The LEP decision was a mistake, Martin 
and Irvine imply, made possible by lack of 
objective external assessment in the peer- 
-review system. LEP should be producing 
esults by 1988, giving detailed data on the 
intermediate vector boson (and other 
enomena such as the top quark). But a 
four times cheaper machine, the Stanford 
Winear Collider (SLC), may produce 
similar data a year earlier, reducing LEP’s 
usefulness, Irvine and Martin assert. And 
although the LEP decision was taken 
before SLC became a real possibility, it 
-could have been reversed when SLC was 
approved, the authors have since argued. 
<<: Martin and Irvine’s earlier studies show, 
they say, that a clear factor determining the 
‘scientific success of an accelerator is its 
‘uniqueness. Since LEP will not now be 
unique, it “raises the question. . .whether 
such major decisions, which have impli- 
cations for other areas of basic 
science. . should remain solely in the 
ands of the high-energy physics 
community’’. 
The authors also say that the US studies 
“of the 40-TeV ‘‘superconducting super- 
collider’? (SSC), and similar but less- 
advanced studies of a “large hadron colli- 
er’? (LHC) in the LEP tunnel, are a sign 
that another round in the intercontinental 
high-energy ‘‘arms race” is in the offing. 
CERN director-general Herwig 
Schopper. pointed out last week that dis- 
issions to avoid duplication of 
celerators are already taking place in a 
high-energy physics panel established at 
the Versailles summit in 1982, and that SSC 
and LHC “‘are not projects yet — there are 
still various. options’. Moreover, Martin 
d-Irvine’s own work shows that one of 


































































Social scientists’ attack on CERN 


the main arguments being used for LEP in 
the late 1970s was its complementarity with 
US machines (in particular the Fermilab 
Tevatron, a proton collider in Chicago). 
Even the late-starter (and earlier fin- 
isher), SLC, is complementary to LEP, 
Schopper argues, because it is primarily a 
machine physics experiment (to see if a 


Campaign for research 








linear accelerator could be used 
to produce colliding beam physics, a tech- 
nique needed if even higher-energy electron 
colliders than LEP are ever required). 
Also, whereas SLC is confined to: pro- 
ducing 50-GeV beams, LEP is designied to. 
go on up to 100 GeV. “There will be some 
overlap in the initial phase, but that I think 
is a minor point’’, Schopper says. 

Robert Walgate 


*CERN: past performance and future prospects, IU CERN and 
the future of world high energy physics. Research Policy vot 13, 
no. 6, pp JEE-342 (1984), 














Alliance for Science 


THE Alliance for Science, a campaign for 
increased British spending on research and 
development, was launched in London 
last week. It has been mounted by three 
trades unions claiming to represent more 
than 100,000 scientists and technologists 
working in Britain. Stan Davison, deputy 
general secretary of the Association of 
Scientific, Technical and Managerial 
Staffs (ASTMS), said that the alliance had 
grown out of general concern over a con- 
siderable length of time. Government, edu- 
cation and industry were all to blame for 
the decline, he said, and workers in all these 
fields were represented by the campaign’s 
constituent organizations, the Institution 
of Professional Civil Servants (IPCS), the 
Association of University Teachers (AUT) 
and ASTMS. 

Mr Davison argued a case for innovative 
investment, one of the campaign’s catch- 
phrases. The organizers believe that this is 
an opportune time to launch the campaign, 


GLORIA scoops pool 


A NEW model of the British side-scanning 
sonar GLORIA is to be built by the Insti- 
tute of Oceanographic Sciences (IOS) 
under an agreement signed this week be- 
tween the Natural Environment Research 
Council (NERC) and the US Geological 
Survey. Under the terms of the six-year 
agreement, NERC, which will lease back 
the sonar from the Americans, will survey 
the remaining five million square miles of 
the US exclusive economic zone, mainly in 
the Pacific and around Alaska. The 
mapping of seafloor features that may hold 
significant mineral deposits is part of a 
policy of assessing the long-term economic 
potential. 

The total cost of the package, including 
charter of the research vessel Farnelia, will 
be about £12 million. Although the Mark 
HI GLORIA will be US-owned, the 
arrangement has the advantage of allowing 
IOS to use the existing version elsewhere. 
Completion of the new torpedo is planned 
for March 1986, with surveying com- 
mencing that summer. In the interim, 
mapping of the Gulf of Mexico will be 
carried out using the existing GLORIA. 

Peter Gambles 
cra a ee er eae ee ee 











with bodies such as the House of Lords 
Select Committee on Science and Tech- 
nology and the Engineering Council asking 
that something should be done. The cam- 
paign will continue at least until the annual 
conferences of the political parties next 
autumn. The organizers are calling for a 
body for research to do the job that the 
National Economic Development Council 
does for the economy. 

Ms Diana Warwick, general secretary of 
AUT, complained last week that the British 
government underestimates the amount of. 
cooperation between industry and higher 
education, but said a ‘‘balance within uni- 
versities between basic and applied 
research’’ is needed. She said that many 
developments in solid-state physics and 
X-ray crystallography originated from aca- 
demic research programmes, and boasted 
that the biotechnology department of the 
University of Wales had turned a 
redundant dairy into an important centre 
for biotechnology. 

The organizers are downcast that the 
number of graduate students fell by 20 per 
cent during 1979-83 because of restrictions 
on the science budget. And the annual 
growth rate in expenditure on research and 
development in Britain is now a third of 
that in Japan and a half of the comparable 
figure in West Germany. Twenty years ago, 
Britain led the field. ‘‘It is now very clear”, 
Ms Warwick said, ‘‘from detailed reports 
and the University Grants Committee 
report, that the cuts have fallen on research 
rather than teaching. The equipment grant 
is over £16 million less than what it needs to 
be to keep pace with rising costs.” 

Bill Brett, assistant general secretary of 
IPCS, forecast at the alliance launching 
that there will be, between the British’ 
scientific civil service and the research 
councils, a further cut of 20 per cent by 
1988. He attacked the ‘‘new phenomenon” 
in the scientific civil service of short-term 
contract research staff. The attendant in- 
security was not conducive to satisfactory 
achievement. ‘‘Science has had a bad repu- 
tation”, he said, “it has been associated 
with weapons and information technology 
of the worst kind.” IPCS is eager to have 
people asking whether the United Kingdom 
is spending enough money on research. 

Hugh Barnes ~ 



















a Genetic engineering 


_Rifkin’s foot in the door 


| Washington 

_ AT a hearing this month, the US Court of 
“Appeals gave some preliminary indications 
“vof how it will rule on the motion by the 
=- National Institutes of Health (NIH) and 
the University of California to lift a lower 
court ban on field trials of recombinant or- 
“ganisms. Although a decision from the 
three-judge panel is not expected for 
- several months, the judges last week 
repeatedly interrupted attorneys for NIH, 
the university and Jeremy Rifkin — the 
/-antigenetic-engineering activist who 
: obtained the lower-court injunction — 
with \questions. that suggested how they 
would vote, 

The injunction was based ona finding by 
US. District Court Judge John Sirica last 
— spring that NIH must conduct a formal 
~ “environmental assessment” before ap- 
. proving the experiment proposed by Dr 
= Steven Lindow of the University of 
California, in which genetically-altered 
bacteria were to be sprayed on potato 
plants to provide protection against frost. 
Even though the proposal was discussed at 
two open meetings of NIH’s Recombinant 
DNA Advisory Committee (RAC) and 
published in the Federal Register for public 
“comment, Sirica found that the law re- 
quires a formal document; he also con- 
_ cluded that RAC and NIH failed to con- 
_ sider possible environmental consequences 
< ofthe experiment such as the effect of the 
-bacteria on nearby plants and insects. 

The preliminary injunction granted by 
Sirica also blocks NIH from approving any 
< other field trials of recombinant organisms 

until NIH prepare an environmental 
-o impact statement on the full programme of 
field trials. NIH say that such a statement 
would take a year to prepare, and would be 
of little value because of the widely dis- 
¿parate nature of the field trials that are 
likely to be proposed. NIH have agreed, 
however, to prepare the much briefer 
environmental assessments on each field 
_-trial that is proposed. The University of 
_ California is continuing to challenge both 
_ the. programmatic environmental impact 
statement requirement and the need for an 
environmental assessment on the Lindow 
experiment, 
zo At. the hearing, Judge George 

MacKinnon, who is generally considered to 
be the most. conservative of the three, ap- 
.peared to accept the government’s argu- 

ment that the RAC guidelines require the 
“equivalent of an environmental assessment 
on: each proposal submitted, whether or 
not there is a formal document with that 
ovname on it. And he several times sharply 
challenged Rifkin’s attorney on the need 
-for aprogrammatic environmental impact 
Statement (EIS), pointing to precedents 
` that established such a requirement only 
“for programmes with a clearly cumulative 
effect. 





Judge Abner Mikva, whois regarded asa 
liberal, suggested that if NIH were required 
to prepare such a statement, it would of 
necessity be vague and hypothetical; he 
told Rifkin’s attorney that if his goal was 
closer scrutiny of the environmental conse- 
quences of field trials, ‘“you might be better 
off without a programmatic EIS — fre- 
quently an agency will issue a broad EIS 
and then refer to that to cover all their 
sins”. 

If what appears likely happens — that 
the court allows RAC to proceed with ap- 
proval on a case-by-case basis, but requir- 
ing an individual environmental assess- 
ment for each — Rifkin will still have 
gained the foot in the door that he is after. 
By establishing that RAC’s review proce- 





dures are subject to the National Environ 
mental Policy Act — the law that require: 
environmental assessments and environ- 
mental impact statements — Rifkin’ will. 
open the way for routine court challenges 
every time RAC approves a field trial; he: 
will presumably argue that the 
environmental assessment in each case was 
not adequate or that a full environmental 
impact statement is required. Rifkin. has’ 
said in several interviews that there should: 
be a “moratorium” on field trials until a. 
“framework” for assessing all the risks is 
established, a condition which he 
maintains is not possible with current 
knowledge. And he has also said that àn 
environmental assessment should be don 
on a ‘‘worst-case’’ basis. 

Meanwhile, RAC’s staff is proceedin 
with preparation of an environmental 
assessment of the Lindow experiment, i 

Stephen Budiansk: 











European Parliament 


Commission’s budget rejected 


THE massive vote by the European 
Parliament last week to reject the whole 
1985 budget of the European Commission 
could mean trouble for the European fifth- 
generation computer project, Esprit, and 
for other scientific projects planned to 
grow or start afresh next year. 

Esprit, for example, which links individ- 
ual European computer and electronic 
companies in joint pre-competitive re- 
search projects, cost 45 million European 
accounting units (ECU) in 1984 (some £25 
million). The programme was due to more 
than double to 100 million ECU in 1985. 
But under the rules governing the oper- 
ation of the European Community without 
an official budget, spending must go on 
forward by ‘‘provisional twelfths’’ — each 
month the Commission will be able to 
spend no more than a twelfth of total 
spending in the previous year, in each 
individual line of the 1984 budget. 

Of eight major programmes tabled for 
discussion at this week’s meeting cf 
research ministers (see Nature 15 
November, p. 187), five are likely to receive 
no cash at all in 1985 until the battle with 
the European Parliament is settled. The 
non-nuclear energy programme, for 
example, may come to a total halt — its 
second programme finished 18 months 
ago, and since it had no official budget line 
in 1984, under the rules it cannot be funded 
in any fashion next year. 

European parliamentarians, who have 
largely rejected the budget in a play for 
greater influence over the radical restruct- 
uring of the Community now under discus- 
sion among European heads of state, were 
last week attempting to play down the 
damage their decision has done to research. 
But the damage can be limited: some new 
programmes, it is pointed out in Brussels, 
must go through lengthy exercises of 
setting up expert committees and putting 





out calls for tender. If the council’ of 
ministers meeting this week approves some 
of the programmes in principle, it may be 
possible to get through a large part of 198: 
without spending an ECU, while neverthe- - 
less making some useful preparations to 
spend when the purses are filled again. ©. 
Robert Walgat 


Hunting heads 
THE Department of Education and Science 
is taking the un-British step of asking a 
head-hunting firm to suggest candidates 
for posts as the head of two research 
councils due to become vacant next year, 
The posts concerned are those as chairman 
of the Science and Engineering Research 
Council (which Professor John Kingman 
will leave at the end of August 1985) and 
chairman of the Natural Environment 
Research Council (which Mr Hugh Fish. 
will vacate at the end of September 1985)... 
This unusual step appears to have been. 
forced on the government by the dearth of 
acceptable names reaching it from the 
usual nominating bodies that constitute the 
old-boy network. The head-hunters, John. 
Stork and Partners, have been retained 
only as advisers, and will be expected to- 
provide Sir Keith Joseph, the Secretary of. 
State for Education and Science, with a list 
of names from which to make a choice. 
Part of the difficulty attending this is 
that the salary offered, that of an under- 
secretary in the civil service (now just over. 
£30,000 p.a.) is too low to attract able 
people from industry and hardly enough to` 
compensate senior academic scientists for 
the invidious responsibility of 
administering policies (or budgets) that 
must lose them friends. The usual compen- : 
sation of a knighthood is not always a 
sufficient recompense, and cannot be 
traded in for heat and light. m 











symposium volumes 






SIR: — Anthony Watkinson’s interesting 
and mildly cynical view of conference pro- 
ceedings:(15 November, p.201) represents 
one side of a very complex phenomaon. 
David Lodge, in his novel Small World, has 
explored some of the other activities of 
conference delegates. Judging from the 
locations of most US conferences and the 
attendant social programmes for both 
delegates and spouses, little time can be 
spent in the scientific sessions — hence the 
need for publication of the proceedings. 

» Whether or not proceedings should 
always be published, they are certainly 
wanted. The British Library Lending 
Division at Boston Spa has for many years 
tried to collect conference material and 
now holds about 200,000 volumes of pro- 
ceedings. The library receives more than 
250,000 requests a year for conference 
papers. A small percentage (less than 5 per 
cent) of these requests, but inevitably those 
causing the most trouble, are for papers 
allegedly presented at a conference but 
never published. Sometimes, however, the 
Lending Division holds papers which are 
Rever printed in the published proceedings. 
I would urge that journal editors refuse 
to allow authors to quote references to con- 
rence papers that are not published 
unless this is made clear, and that 
rganizers of conferences indicate in 
advance their publication policy. One way 
f tracing conferences, especially if the full 
title is not known for sure, is to consult the 
Index of Conference Proceedings pub- 
lished by the British Library Lending 
¿Division — a monthly keyword index 
cumulation, annually and quinquennially. 

g GARTH FRANKLAND 
- British Library Lending Division, 

Boston Spa, 

Wetherby, West Yorks LS23 7BQ, UK 





sir — Anthony Watkinson’s article (15 
November, p.201) on the publication of 
“symposium volumes and conference 
‘proceedings explained why publishers like 
-this kind of book. But he only outlined in 
general terms why many scientists are 
becoming increasingly hostile to such 
publications. 

At.a recent international meeting in the 
arth sciences, I was approached by no less 
an five publishers to produce a special 
issue or book of the symposium that I was 
onvening. It became clear that the 
ublishers were not particularly interested 
n the academic arguments for publishing 
this symposium (which happened to be of 
nly average quality), but were largely 
concerned with printing paper and selling it 
at high prices to libraries. 

“The most important detrimental effect 
f the proliferation of symposium books 
‘may in fact be on journals. The best 
tific. journals ate required both by 
commercial considerations and by duty to 
their readership to publish at regular 


intervals. They therefore require a steady 
flow of high quality manuscripts reporting 
interesting and original scientific results, A 
healthy situation for the progress of science 
in general occurs when such journals havea 
sufficient supply of papers to be selective 
and to demand high standards, yet can 
publish a paper within a reasonable period 
of time. At present, the amount of high- 
quality research being carried out has 
reached a plateau and may even be 
declining in some fields. The symposium 
books, however, not only publish mediocre 
papers as implied in Watkinson’s article, 
but also publish some first-class material. 
Such papers are removed from the 
reservoir of potential material available to 
the regular journals. In addition, they are 
not always reviewed very carefully — a 
process that is important even for good 
papers. These effects may well force some 
journals to lower their standards since they 
are usually obliged to publish a certain 
volume of material anyway. 

There is no doubt that collections of 
papers on carefully selected topics can be 
outstanding contributions to the 
dissemination of knowledge. I believe, 
however, that scientists should be much 
more critical about agreeing to edit and 
organize symposium volumes. It is clear 
that most publishers will not agonize much 
about the various advantages and 
disadvantages as long as there is a profit to 
be made. Scientists are the only ones who 


will have a major effect by saying no more | 


often. 
R.S.J. SPARKS 
Department of Earth Sciences, 
University of Cambridge, 
Downing Street, 
Cambridge CB2 3EQ, UK 





Science and miracles 


SIR — In response to your leading article on 
miracles (Nature 310, 171; 1984), I think 
that there are at least two different views of 
science. 
(1) Science as a parlour game, somewhat 
like chess. One sets the rules, decides who 
may play and who not, who is the most skil- 
ful at it, and even endows some with a 
certain authority. In such ‘‘science’’ one 
might state that there are no flying saucers 
and that miracles do not occur, by simply 
making it against the rules, Obviously such 
‘science’? is limited in its content and truth 
by the rules until someone changes the 
rules. 
(2) Science as a quest forthe truth or at least 
a working model of the truth. We do not set 
the rules but try to discover them. We try to 
achieve some confidence in what we find by 
analysis, experiments and observations, 
and not to discolour the truth with our 
prejudices. 

It is reasonable to believe in miracles. 
The Creator of the Universe might well 








create a i 

reported through the ages up to the present 
times. (Consider the happenings at 
Lourdes, France.) Moreover, by the 
criterion of fewest serial steps and most 
parallel steps, the existence of the Creator 
is one of the most certain things in science: 
(Demonstration is beyond the scope of this 
letter, but consider the statement: ‘‘I think, 
which shows that God is’’.) 

(Consider in this context the statement 
that this cannot happen because it violates 
So-and-so’s law ...’’. One wonders: since 
when does So-and-so run the Universe?). 

Much of the bickering in science might 
perhaps be ascribed to the following of the 
first view of science by people, rather than 
realizing that we are in the same boat of 
ignorance, that one cannot be absolutely 
certain of anything that one does not abso- 
lutely control, and that one is therefore 
dependent on what the Creator chooses to 
reveal directly or indirectly. 

P.N. KRUYTHOFF 































































Welterdreef 161, 
2253 LJ Voorschoten, 
The Netherlands 


UNESCO and VAT 


Sirk — The announcement by the British 
Foreign Secretary that he has served notice 
on UNESCO of withdrawal by the United 
Kingdom from the organization will come 
as no surprise to anyone, least of all to 
readers of your leading article (22 





: November, p. 293). 


International considerations apart, the 
move has more parochial implications for 
the scientific community, as it comes at a 
time when strong rumours persist that the 
Chancellor of the Exchequer has proposed 
the imposition of Value Added Tax on 
printed matter. It is not perhaps widely 
remembered that the proposal was. 
considered when VAT was first instituted.’ 
but rejected because it infringes the 
UNESCO charter. Could Britain’s 
projected pull-out from the organization 
weaken resolve at home to adhere to the 
principles of the organization? If books, 
and of course journals such as your own, 
were so taxed, the effects on education in 
its widest context would outweigh all the 
previously inflicted damage caused by 
previous cuts in financial support from the © 
teaching of literacy up to graduate level... 
Beyond this, the restriction of information” 
flow that would ensue as library 
committees stopped journal subscriptions: 
would be paralleled by fewer personal. sub- 
scriptions and the many learned societies 
that rely on income from this source would 
be severely hit. 

Were this proposal to be formalized ina - 
finance bill it would be too late to avert its 
implementation. The time for objections to 
be voiced is surely now. 

STEPHEN G. POSEN 
80 Kings Close, ; 
London NW4 2JT, UK 










Technical analysis of IIASA energy scenarios 


- -from Bill Keepin & Brian Wynne 


Despite the appearance of analytical rigour, II[ASA’s widely acclaimed global energy projections are highly unstable and 
based on informal guesswork. This results from inadequate peer review and quality control, raising questions about 


political bias in scientific analysis. 


_ DURING the energy crisis of the early 1970s, 
there was urgent interest in negotiating a 
transition from global dependence on 
| fossil. fuels to an ultimately sustainable 
energy system. To analyse such questions, 
< oa large-scale research programme was init- 
“Gated at the International Institute for 
_» Applied Systems Analysis (IIASA) in 
-Laxenburg (near Vienna), Austria. In 
1981, the project issued strong conclusions 
and. policy. recommendations that were 
-widely publicized in. the professional liter- 
ature!“ and the general press*, 
oo “While working at IIASA, we have re- 
<: examined the quantitative analysis behind 
- these conclusions. Much of the attention 
given to the published study appears to 
have been stimulated by the sheer mag- 
nitude of the project and by its claim to bea 
| globally comprehensive and consistent 
. study. The general conclusion was that 
-- world energy consumption would increase 
_ dramatically over the next fifty years. This 
would require major expansions of all 
nergy supply options, including fossil 
fuels, and a major commitment to syn- 
thetic fuels and nuclear power. For 
example, nuclear power was required to 
expand at the average rate of one new 
power plant (1,000 MW) every four to six 
days for the next 50 years. 
ooe Qur work has revealed various short- 
< comings both in the analysis itself and in its 
published presentation ”®, Although the 
overall study involved more than. quantit- 
ative analysis using computer models, this 
-scientific aspect of the study has been given 
‘prominence as a claimed means of control- 
“ling bias in an inevitably ill-structured 
problem domain. The relationship bet- 
— ween formal analysis (open to external 
review) and essentially inaccessible 
informal judgements in the construction 
“and use- of policy models. has become an 
important problem, not only in the energy 
field? Although informal judgement 
based on- craft experience has been 
recognized.as necessary, its existence poses 
a dilemma for quality control and normal 
. peer review. Whatever the relative 
influences of formal- and informal 
processes, analysis of the models them- 
selves can help not only to improve 
technical standards, but also to expose the 
< embedded informal commitments for 
external debate and evaluation. Greater 
aboration.in formal modelling does not 
> mean reduced scope for informal 
“subjective judgement — indeed the 
opposite may be true. This explication is 































especially important in the HASA energy 
study because the scenarios derived from 
the models continue to be used as definitive 
benchmarks in energy policy and 
associated analyses (for example of the 
global CO,-greenhouse problem). 

The major results of the TIASA Energy 
Program were based on comprehensive 
quantitative projections, or ‘‘scenarios’’, 
of the world’s energy future for the 
succeeding 50 years. This article focuses on 
the analysis behind these scenarios, which 
were. generated from a set of detailed 
computer models. It is found, in many 
cases, that the models essentially reproduce 
informally prescribed input projections 
that. pass through the models unchanged. 
More importantly, despite claims of 
robustness, the scenarios are unstable with 
respect to minor variations in key input 
data. This was recognized in early sen- 
sitivity work that was discontinued and is 
not cited in later documentation. 

These findings bring several conclusions 
drawn from the scenarios into question. 
They also raise more general issues relating 
to professional standards, peer review in 
non-experimental science, and the proper 
role of science in formulating public policy. 


HASA Energy Program 
The IIASA Energy Program began in the 


| wake of the 1973 oil embargo and lasted 





seven years, involving more than: 2: 
person-years of effort and a-total research 
budget exceeding $6.5 million’. More th 
140 scientists from 20 countries parti 
pated in the study, and a broad network o! 
collaborating institutions was. established 
(including the UN Environmental. Pr 
gramme, International Atomic Ener 
Agency, Siberian Power Institute, and the 
US Electric Power Research Institut 
National Center for Atmospheric Resear 
and Stanford Research Institute). The final 
report was published in two volumes"? in 
1981, entitled Energy in a Finite’ World 
(hereafter abbreviated as EIFW); an Exec 
utive Summary was more widely di 
tributed", The HASA programme is gen 
rally regarded as “the most ambitious such 
study carried out thus far” ?, and hashada 
considerable impact in scientific circles?!" 
and among policy makers'*!’, The sce: 
arios are routinely cited as ‘promine 
benchmark forecasts '*!’, and have serv: 
as a starting point for various subsequent 
investigations de 
The scenarios were central to the ITAS 
programme, and outweighed many other 
aspects of lasting value. Important results 
were produced from painstaking studies of 
global. resource bases, Other valuable con- 
tributions include the logistic substitution. 
model, and the IIASA work on CQ;, 
technological risk perception, and solar 
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Fig.1 The IIASA Energy Models (reproduced from ref. 10, p.401). Note distinction between formal. 
models and “assumptions, judgements, manual calculations”. Input data taken from ovals A and B 
are used to construct-the “‘scenariettes’’ in Figs 2 and 3. 








gy” addition, HASA provided an 
nusual forum for conferences and inter- 
_ cultural professional discourse. This article 
s therefore not a general critique of the 
tire IIASA Energy Program. Most parti- 
pating scientists were not directly 
volved with the shortcomings reported 
“here. 
Our findings can only be summarized 
here (see refs 7 and 8 for details). This 
article focuses on methodology, and al- 
‘though there are policy implications, it 
¿neither endorses nor discourages any parti- 
cular energy policy. Quotations are used 
extensively below to present the HASA 
‘analysts’ work in their own words. Un- 
referenced quotations refer to the Science 
-article', and page numbers refer to EIFW, 
Vol. 2". 















































IASA energy scenarios 
The stated purpose of the IIASA study was 
“to understand the factual basis of the 
energy problem, that is, to identify the 
facts and conditions for any energy 
‘policy’. In this endeavour, ‘‘an explicit 
ttempt was made to incorporate as many 
Views and to be as objective as possible’. 
To analyse the uncertain future, two 
enarios (‘‘high’’ and “‘low’’) were ‘‘con- 
structed as a means of spanning the con- 
éivable evolutions of global energy 
tems over the next 50 years’’ (p.656). 
| For this purpose, the world was divided 
into seven geopolitical regions', and indi- 
idual scenarios were developed for each 
ion. These were then aggregated to yield 
bal scenarios, which were not intended 
be forecasts, but rather realistic and 
ragmatic projections that ‘‘span a suffici- 
ently wide range in order to incorporate the 
‘unavoidable uncertainties” (p.425). Con- 
‘clusions were drawn from these to 
‘provide decision- and policymakers with 
the information they need to make 
_ strategic choices” (p.800). 
» To ensure internal consistency in the 
lobally comprehensive analysis, IIASA 
developed a set of mathematical models! 
-Which were the principal tool used in 
building the scenarios !', These were of key 
importance in the analysis; according to 
_EIFW, “the assumptions and results [from 
the energy supply model] represent, in 
some ways, the core of the energy studies 
reported in this book’’ (p.402). 
C Acschematic diagram of the HASA 
model set is reproduced in Fig.1. Note the 
distinction between formal models and 
nformal procedures. Also observe that the 
ajor flows of information circulate in a 
lockwise fashion, linking the formal 
odels together into an iterative loop. This 
‘is important. because the models are 
xtremely detailed, containing several 
nousand variables and parameters repre- 
“senting different facets of the energy 
system: These various quantities are re- 
portedly controlled and adjusted by re- 
“peated iteration until a self-consistent 
enario is obtained. 
The- iterative procedure begins with 
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Fig. 2 World oil supply and demand projections (excluding centrally planned economies). Data 


points (‘‘scenariette’’) are derived directly from 


inputs to ITASA energy models (Fig. 1). Curves 


(IIASA scenarios) are outputs from models. Close agreement reveals superfluous role of models. 


Compare Fig. $ in ref 1. 


initial assumptions about economic 
growth, which are combined with popula- 
tion projections and lifestyle parameters 
(in MEDEE-2) to produce projections of 
energy consumption from 1980 to 2030. 
These are fed into an optimization model 
(MESSAGE) which computes the least ex- 
pensive supply strategy that meets the 
specified consumption levels, subject to 
constraints on resources and technology. 
This strategy is then fed into an economic 
model (IMPACT) that calculates require- 
ments for capital investment, labour, land, 
water, materials, equipment and addition- 
al energy. Finally, ‘‘the main model loop is 
closed with IMPACT” ”?, whose outputs 
are fed back (via “the built-in feedback 
mechanism’’**) to modify the original 
economic growth assumptions. This com- 
pletes one iteration cycle. Most feedbacks 
were manual, leaving room for an element 
of judgement, but the ‘‘flow of informa- 
tion is mechanized” (p.400), and the proce- 
dure is currently being streamlined **. 

In brief “the global high and low 
scenarios are the results of applying the 
model loop iteratively until satisfactory 
consistency was achieved”’**, which in turn 
“required several iterations of the model 
set’’!', Note that the term ‘‘scenario’’, as 
used here, refers to the final quantitative 
results of a comprehensive mathematical 
analysis. 


Role of the models 

Despite sincere efforts to develop and 
implement the iterative procedure just des- 
cribed, it was never achieved. Major dif- 
ficulties were encountered with the model 





IMPACT, which was. finally “applied 
reluctantly and only at a place where no... 


further modelling steps would be drawn 
from it’’*4. Recently, it has been 
acknowledged that IMPACT served as a 
“monitoring model’’’®, meaning that the 
iteration involved only the sub-loop 
between MEDEE-2 and MESSAGE, 
which had little effect. Indeed, only two 
examples of iteration are described in 
EIFW (pp.404-07), both involving minor 
adjustments in the heating sector (yielding 
10% to 15% changes by 2030). Crucial 
variables and constraints (such as costs, 
build-up rates, resource extraction limits) 
did not enter the formal iterations. More- 
over, closed-loop iteration of the three 
model loop was not performed, contrary to » 
several statements in the documentation. 
Thus, macroeconomic constraints were 
not explicitly incorporated into the 
scenarios, and internal consistency was not 
quantitatively assured (a fourth model 
(MACRO) analysing macroeconomic 
effects (such as capital/output ratios) was 
said to be implemented earlier, but was 
later dropped). 

Given the lack of significant iteration. in 
the model set, it is natural to ask what role: 
the models played in calculating the. 
scenarios. One approach to this question is 
to consider how the models compute 
scenarios from input data. For this pur- 
pose, direct comparisons of the inputs to 
models alongside their outputs may offer 
insight into the internal dynamic and 
analytic workings of the models 
themselves. 

Such an. approach has recently been car- 
ried out’, The procedure involved manual 
construction of a highly simplistic . 
scenario, using only the model input data. 
This.scenario is dubbed the ‘‘scenariette’’. 
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Oo nd New Zealand). Points are derived from 

te inputs to IIASA models (Fig. 1); curves are 

> outputs. Rapid displacement of LWRs by FBRs 
is due to 2% cost difference (see Fig. 4). 


to reflect the crudity of the analysis: usually 
it amounted simply to plotting a few sets of 
input data on the same graph. In some 
cases, it involved heuristic optimization 
and some minor accounting calculations 
» (using a hand calculator), but no signifi- 
< cant analysis (such as dynamic simulation, 
‘iteration and equation solving). Neverthe- 
Jess, in many cases this back-of-the- 
envelope analysis reproduced the HASA 
scenarios precisely, implying that the 
< formal models are largely superfluous. 
As an example, consider one of the most 
_ crucial aspects of the global energy system 
“=~ the supply and demand for oil. A 
~ 80-year scenariette is constructed from 
< time series input data taken from ovals A 
and B in Fig.l. These data, which are 
_ external to the models and feedback loops, 
include prescribed constraint trajectories 
for. rates of oil extraction and coal 
< liquefaction in each region from 1980 to 
2030. These are aggregated and plotted as 
- points in Fig.2. For direct comparison, the 
corresponding IIASA scenario is plotted 
on the same graph as a set of curves. 
Observe the striking agreement between 
scenario. and: scenariette. The differences 
between them are insignificant because 
- precise numerical results.**... must not be 
--taken too literally, In fact, they must be 
seen as quantitative expressions of the 
more qualitative situations that underlie 
< the scenarios”. 
Similar close agreements have been 
-<found in many other cases between the 
- HASA scenarios (both high and low) and 
` corresponding scenariettes’, including 
requent identity (especially during the first 
30 years): For example, Fig.3 represents the 
results for hydroelectric power, light water 
reactors (LL WRs) and fast breeder reactors 













(FBRs) in a particular region (the models’ 
only effect is to smooth the rapid phase-out 
of LWRs after 2015). 

Although these findings raise questions 
about the models (discussed briefly below), 
the most important observation is that 
many of the principal scenario results are 
essentially prescribed by the input data — 
outside of the set of mathematical models. 
It is therefore natural to ask where these 
data come from, particularly since many of 
them are specific numerical projections ex- 
tending to the year 2030, In EIFW (pp.528~ 
31), these data are described as ‘‘guess- 
timates’’, ‘‘rough average (sometimes con- 
sensus) estimates’’, ‘at best a zero-order 
approximation’’, or just simply ‘‘assump- 
tions”. Thus in most cases little empirical 
or theoretical evidence is supplied to sub- 
stantiate the input assumptions, and few (if 
any) quantitative details are provided to 
indicate how the numbers were obtained. 
Thus, for coal extraction: ‘‘These con- 
straints represent the roughly assessed 
composite and aggregate limitations of 
water, manpower, transport, environmen- 
tal safeguarding, and so forth in each 
region” (p.571). No details are given to 
show how these projected ceilings (on 
annual coal extraction) from 1980 to 2030 
were obtained. For oil extraction, an out- 
line is given (pp.534-46). 

A variant of Fig.2 has been widely pub- 
lished +4% as evidence for (1) the urgent 
need to develop synthetic liquid fuels (coal 
liquefaction), and (2) the necessity to 
exploit shale oil and tar sands, despite the 
tremendous environmental consequences 
that were not explicitly taken into 
account’, These conclusions are based 
primarily on the scenarios, which are now 
seen to be largely copies of input assump- 
tions, which are in turn acknowledged to be 
informal guesswork. Thus, the analytical 
basis for these findings is inaccessible sub- 
jective judgement rather than formal 
calculation, 


Sensitivity analysis 

Modelling the global energy system is a 
formidable task, fraught with uncertainties 
that are greatly amplified when looking 50 
years ahead. To complicate matters, long- 
term projections cannot be verified, and 
the time span of available data is too short 
to apply standard model validation tech- 
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Fig. 4 Future costs of electricity generation 
assumed in TIASA scenarios. A small increase 
for LWRs in 2005 yields 2 per cent advantage for 
FBRs, producing major transitions to the 
breeder reactor (Figs 3.and 5a). 





niques”, In this predicament, an in 

















pensible tool is sensitivity analysis, which 
explores how projected results change in 
response to perturbations in input assump- 
tions. This can help to identify major 
trends, key policy variables, and vulne 
abilities, which is a principal motivation 
for modelling (rather than attempting to 
forecast). Moreover, careful sensitivity 
testing is essential when formulating robust 
conclusions from an analysis. 
The importance of this was recognize 
for the HASA scenarios, and it has been a 
serted that “the sensitivity analysis: was 
done — at length’’’. EIFW devotes a-full 
chapter to alternative scenarios and se 
sitivity analyses, concluding. that 
‘Together, the scenarios, the alternative 
cases, and the sensitivity analyses should 
build a broad enough understanding... so 
that conclusions and recommendations for 
the energy transition [to a sustainal 
future] can be formulated” (p.614). 
number of recommendations and conclu- 
sions that are claimed to be robust have 
subsequently been broadly disseminated. 
Since the 1973 oil crisis, it has been clear 
that future energy costs are extremely u 
certain. Consequently, the IIASA analysis 
“did not start on the side of costs. and 
prices”. In fact, ‘‘the desire for data ro- 
bustness dictated our decision to avoid ¢ 
approach relying completely on prices 
(p.27). 
“All of this leads to a belief (or hope) 
that the scenarios here are robust, that th 
can stand up against events whose impac 
in human terms, may be large” (p.395 
However, our analysis shows thate tl 
scenarios are highly sensitive to minor 
variations in assumed costs and. other 
parameters. Summarized below are results 
from detailed sensitivity tests carried out 
for the low scenario (for the core model. 
MESSAGE in particular’). Note that thi 
scenario is now thought to be more likely?’ 


































































Robustness of scenarios 
Consider the assumed evolution of el 
tricity generation costs (Fig.4), most 
which are held constant (in real terms) 
throughout the entire 50-year period. Al 
though these fixed cost projections are. 
highly unlikely, they would be acceptable 
for modelling purposes if the final results 
were insensitive to them. However, the 
exogenous projections shown in Fig.4.d 
termine much of the model behaviour. 
For example, observe that the cost.curve 
for LWRs undergoes a small step increase: 
in the year 2005 due to an assumed increase. 
in the cost of uranium. The model contains 
two. categories of uranium: cheap and ex: 
pensive. When uranium in the cheap cate 
gory is exhausted, the model switches to the 
expensive one, raising the cost of LWRs by 
j per cent, as indicated by the “LWR 
step”. 
Note further that the FBR becomes 
available in the year 2000. Initially it is. 
more expensive than the LWR, but then the 
LWR step occurs, leaving the FBR with a 














This artificial feature of the model is the 
ajor factor determining the role of FBRs 
in all scenarios’. The electricity cost 
assumptions are the same in all cases, the 
only differences being in the temporal loca- 
tion of the LWR-step, which is governed by 
the quantity of cheap uranium available — 
< ahighly uncertain input parameter. An in- 
“crease of a few per cent in the proportion of 
uranium allocated to the model’s cheaper 
ost category delays the introduction of 
FBR by more than 30 years in some cases’. 
_ The HASA scenarios were taken by many 
‘as strong evidence for the inevitable large- 
_ scale introduction of the breeder reactor "°. 
Other sensitivities are even more critical. 
onsider HASA’s 50-year projection for 
electricity generation in the United States 
and Canada (Fig.5a). A 5 per cent increase 
` Inthe assumed cost for the FBR eliminates 
small economic advantage (Fig.4), 
which causes the entire FBR contribution 
(Fig.5a) to be replaced by additional LWR 
and coal capacity’. In another example, a 
per cent increase in the assumed costs for 
clear power causes a shift to the radically 
altered projection shown in Fig.5b (this 
case requires moderate increases in 
sumed coal extraction constraints after 
57). Thus a mostly nuclear future is 
placed by a mostly coal future (notwith- 
standing acid rain and CO,) as a result of 
nor changes in input data whose values 
are known to be highly uncertain. 
Slightly altered assumptions are thus 
seensto produce very different outcomes. 
This instability is intrinsic to the analytic 
structure of the supply scenarios, which 
means that robust future trends cannot be 
nferred from them. Nevertheless, several 
specific projections have been singled out 
and emphasized as robust conclusions’:8, 
_ For example, ‘‘by 2030, nuclear power 
(EWRs and FBRs) has a total of 8.09 
<- TWyr/yr for the high scenario and 5.17 
TWyr/yr for the low scenario. Its relative 
share is close to 23 per cent in either 
cease’? This requires that nuclear power 
¿stations be built at the average rate of one 
plant (1,000 MW) every 4 to 6 days for the 
next 50 years’. As seen above, this result is 
based on fixed relative cost assumptions 
hat are not only highly fragile, but also are 
resumed to hold until 2030. Despite ex- 
treme sensitivity to tiny fluctuations in 
ese assumptions (which have already 
occurred), this result is reported as a robust 
bservation derived from the HASA 
scenarios? 
Itis therefore of interest to review 
\SA’s sensitivity work, Three alternative 
scenarios: were developed (nuclear mora- 
orium, enhanced nuclear, and reduced 
demand), but.these were not used as a basis 
-for formulating robust conclusions and 
olicy. recommendations’. Rather, the 
high and low scenarios were used for this 
urpose, sO. itis particularly important 
o explore:sensitivity in these cases. 









(d) ORIGINAL HASA SCENARI 








FBR 


IGWYR/YR} 





100 


ELECTRICITY GENERATION 























































2010 2020 2030 


(6 
1980 1990 2000 
YEAR 


6004 (P) ALTERNATIVE SCENARIO 
on 






5004 oiL & GAS 


ELECTRICITY GENERATION 
(GWYR/YR) 
& 
3 


0 
1980 


2000 
YEAR 


1990 2010 2020 2030 


Fig. 5 Sensitivity to IIASA cost assumptions 
(Fig. 4) in United States and Canada, demon- 
strating structural instability in IIASA scenarios 
(which invalidates “robust conclusions” drawn 
from them). a, Original HASA projection for 
electricity generation. b, Alternative projection, 
assuming 16 per cent increase in nuclear costs 
(and moderate increase in assumed coal 
extraction constraint after 2025). 


After a general sensitivity discussion, 
EIFW treats ‘‘the more constructive con- 
sideration. . . of the possible variations 
among the relative price changes of new 
sources of energy’’ (p. 619). However, just 
three quantitative sensitivity tests are pre- 
sented, none of which alters resource 


‘estimates or the critical relative cost 


ranking. The test for electricity generation 
assumes that all costs are doubled, thus 
shifting the curves in Fig. 4 upward, but 
preserving their relative positions. Hence 
the crucial sensitivities remain unexplored, 
and no further analyses are presented or 
cited’. 

It might be supposed that the sensitivity 
problems we discovered are a realization of 
hindsight, but in fact they were recognized 
early in the HASA Energy Program itself. 
Results similar to those shown in Fig. 5 
were presented for a prototype model of 
MESSAGE in IIASA research memoranda 
published in 1974 and 1975°-3'!. Despite 
the conclusion that ‘‘more work is needed 
in several directions’, these early 
findings are not cited or investigated 
further in the later reports and docu- 
mentation’, 


Technical discussion 

Many of the technical shortcomings dis- 
cussed above can be traced to character- 
istics of linear programming (LP) that are 
well known’. The single-objective LP 
model MESSAGE? dominates the 








tical structure, largely because 
the full iterative loop was never effected 
MESSAGE minimizes the total dollar cost 
of meeting a specified energy demand, 
subject to various exogenous constraints: 
The set of points that satisfy all the con- 
straints is called the feasible region (or 
loosely, the set of all possible energy 
futures). A geometric representation of the 
LP concept is given in Fig. 6, illustrating 
the inherent stability problems. Given the 
large uncertainties in future costs of energy 
resources and technologies, cost mini- 
mization LP models are inappropriate for 
long-term robust supply projections’, 
Efforts to overcome these difficulties are 
continuing (G.B. Dantzig, personal 
communication). 

In many of the HASA scenarios, the 
assumed constraints yield extremely small 
feasible regions — effectively single points. 
In these cases, the model behaves much like 
an identity transformation from the inputs 
(constraints) to the outputs (scenarios), as 
observed in Figs 2 and 3. The constraints 
are themselves arbitrary projections, 
subject to great uncertainty (to establish 
robustness would therefore require further 
sensitivity analysis — not provided in: 
EIFW). Variations in the constraints can 
cause the feasible region to expand, thus — 
magnifying intrinsic cost sensitivities (Fig. 
6), to shift position or to disappear alto- 
gether, in which case the scenario ceases to 
exist. This last possibility may explain why 
the models’ built-in environmental con- 
straints, ‘‘although available, were not 
directly used” in the scenarios (p. 415). 
Since environmental constraints reduce the 
size of feasible regions”, their inclusion 
could have eliminated the smaller feasible 
regions entirely, rendering the IIASA 
scenarios infeasible. 

Certain caveats in EIFW hint at the pro- 
visional nature of the scenarios and con- 
clusions, but these are not emphasized in 
articles and speeches. Recently, the minor : 
bookkeeping role of the models in the sub- 
jective iteration process was acknowledged 
(Fig. 7). This figure was first published in 
1983, two years after the publication of 
EIFW?}, 









Conclusions 

Two analytic results are reported here 
about the HASA global energy scenarios.) < 
First, many crucial components of the 
scenarios are generated informally and 
supplied as inputs to the formal computer 
models, which then reproduce these pro- 
jections with only minor alterations. Thus. . 
the models have not analytically ‘‘dis- 
covered’’ feasible energy futures. Indeed, 
despite the appearance of analytic sophisti- 
cation and rigour, the models serve 
primarily as a static accounting framework 
for displaying the assumptions of the ` 
analysts. 

Second, the supply scenarios are 
strongly dependent on assumed cost and 
resource estimates (for example, the pro-. 
jected expansion of the fast breeder reactor 













Fig. 6 Geometric representation of linear pro- 
gramming. a, Feasible region (F) is interior of 
polygon. Above F lies plane (P) representing 
otal cost, Boundaries of F are projected verti- 
cally upwards (through P), defining constraint 
‘column (C). Small ball (S) is released on P inside 
<C; and rolls to lowest point, defining optimal 
least-cost) solution. b, Slight changes in cost 
‘assumptions tilt plane P in different direction, 
hifting solution from one extreme to another. 
This effect is observed in Fig. 5. 

















due to a 2.1 per cent cost advantage intro- 
‘duced after 2005). Small changes in these 
‘highly uncertain estimates produce radi- 
cally altered supply strategies. This in- 
herently brittle structure precludes the 
possibility of drawing robust conclusions 
“from the supply projections. Nevertheless, 
several conclusions have been drawn and 
.. widely publicized as robust findings, 
` including massive expansions of fossil fuels 
and nuclear power. 
Ta addition to these analytic results, 
various problems are found in the docu- 
_ mentation. Early work revealing serious 
-<$tructural instability is not cited, and 
‘standard sensitivity tests are not included. 
0. The study’s own publications have led 
“outside scientists to believe that the formal 
-- models involved dynamic analysis and iter- 
ation. for control of assumptions and 
genuine validation of the scenarios, rather 
than. limited -arithmetic. checking. Only 
~ recently has the minor bookkeeping role of 
the models been clarified. 
; The HASA energy study claimed to 
“reveal a narrow window of feasible energy 
futures (for example, ‘‘Our scenarios are 
-~ globally comprehensive and allow for no 
| escape’, p.785, original italics). Now, just 
three: years later, a broad spectrum of 
possible energy futures is widely recog- 
n nized?54.35, However, the HASA con- 
clusion ‘did not result from an objective 
examination of possible future alter- 
natives, but rather from embedded insti- 
tutional and sociopolitical assumptions 
_ that pervaded the analysis® (for example, 
-expansion of capital-intensive supply tech- 
{nologies was emphasized;° while options 
for reducing energy demand were largely 
ignored). Although the study claimed to 
focus only on factual aspects rather than 
social and political dimensions, this arti- 
ial division confined the resulting 
“scenarios to a given institutional frame- 
work, thereby precluding full exploration 
of the range of possible futures. Scenarios 
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Fig. 7 New representation of scenario writing process’, first published i in 1983. Note minor’ tole of 


models. 


are rarely presented as forecasts, but they 
are frequently treated as such, even by their 
authors. The danger is that they will be 
misconstrued as inevitable, and used to 
justify policy decisions ™, 

Much work of lasting value has been pro- 
duced at IIASA, from both inside and out- 
side the Energy Program. These important 
contributions have unfortunately been 
overshadowed by the energy scenarios 
and associated urgent policy recommen- 
dations. (For example, “what must be 
emphasized is the advent of. , .synliquids 
and the fast breeder reactor. . .the most 
precious resource is time’’.) Both the 
urgency and specific recommendations 
were evidently based on opinion rather 
than objective robust analysis, as claimed. 
One important lesson is that the most 
exquisite formal analytic modelling still 
embodies informal assumptions (often 
about sociopolitical values and insti- 
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tutional behaviour) that affect what tec 
nical outcomes are. conceivable. Peer 
review of formal models can expose these 
assumptions for external debate and evalu- 
ation’. Indeed, rather than attempting : 
identify objective policy truths, perhaps 
more realistic role for policy modelli 
to explore origins and consequ 
of different social and institutio 
assumptions**37-38, Such an appro: 
would embrace (rather than deny): 
interpenetration of science and politics i 
policy analysis. 
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THe US National Academy of Sciences’ 
eport The effects on the atmosphere of a 
ajor nuclear exchange (see p.683, this 
issue) turns out to be what it always had to 
e, a first or, rather (pace Turco et al., 
Science 222, 1283-1292; 1983), a second 
approximation to reality. The original ac- 
ount of what might happen if the atmo- 
phere is loaded with soot from the fires 
ignited by 5,000 megatons of TNT in nuc- 
Tear explosions is qualitatively confirmed, 
“but hedged around with so many quali- 
fications that a null outcome could well be 
“compatible with the academy committee’s 
“analysis. Nuclear winter, in other words, 
‘would almost certainly be less severe, less 
widespread and shorter-lasting than Turco 
etal, originally declared and might even be 
-indistinguishable from nuclear summer 
which is not a pleasant prospect either). 
hat, no doubt, is why the academy’s 
ommittee has studiously refrained from 
sing the term ‘‘nuclear winter’’, which is a 
ity; the phrase is too graphic to be 
nored. 
“As things are, the new report will be 
lled over by specialists in the field for its 
iew of what is known of problems as 
ifferent as the size-distribution of 
particles of smoke, the mechanisms by 
which the fireballs of nuclear explosions 
loft material to high altitudes and the ways 
in which climatic models may have to be 
refined to accommodate the needs of those 
who would model nuclear winter. (Cloud 
formation, as always, is a bugbear, what 
happens at the edges of a cloud a novel 
roblem.) Latecomers in the field may, for 
the time being, be perplexed to know what 
more there can be to say, but no doubt 
reflection and ingenuity will enable them to 
hink of something. 
In passing, however, it must seem to 
many people odd that the nuclear winter 
ubcommittee of the International Council 
of Scientific Unions (ICSU)’s Scientific 
Committee on Problems of the Envi- 
nmment (SCOPE), which is due to publish 
s own study next June, should have been 
le to. afford time for a five-day workshop 
Bellagio to. draft and put out a statement 
which, on the face of things, will 
compromise the impartiality of its own 
vork. The statement says that the pre- 
ntion of nuclear war is a challenge for 
mankind (true), that there is ‘‘no hope” 
hat technical innovations such as 
apons: systems in space” will provide 
_“elear superiority: or significant pro- 
tection”? (which is probably true) and that 


everybody must be ‘‘aroused’’ to the threat 
of nuclear war and to ‘‘the possibility that 
in some circumstances one of the results 
may be what has come to be called nuclear 
winter ...’’. 

The notorious ineffectualness of 
manifestoes apart, the danger of such 
statements is twofold. First, they give the 
impression that the issue has been decided 
before the study is complete. And, second, 
by giving needless offence to people who 
disagree, however wrong-headedly, with 
steps in their argument such as the assertion 
that space-based defence against ballistic 
missiles is impossible, they diminish their 
potential influence. That such a 
distinguished group of people (which 
includes Lord Zuckerman, Professor 
Charles Townes and Professor Abdus 
Salam) should be predicating its proposals 
for the avoidance of nuclear war on 
“fundamental changes in international 
relations, especially . . . between the 
Soviet Union and the United States’’, for 
all the world like old Keir Hardie socialists 
predicating social equality on ‘‘a change of 
heart’’, is nevertheless remarkable. The 
more serious problem of arms control is to 
avoid nuclear war even when the 
superpowers are daggers drawn. 

This prompts one of the three general 
questions raised by the National Acad- 
emy’s deadpan text (which lets slip a flicker 
of emotive prose only in its last sentence, 
“one can ask whether even now the full 
range of physical consequences . . . of 
nuclear warfare is within our comprehen- 
sion’’) and by the way in which the concept 
of nuclear winter has been used this past 
year. Politicians have embraced the idea 
(see Nature 13 December, p.593), usually 
with the best of motives. Technical people 
have followed suit, not for reasons that are 
political in the partisan sense but 
apparently in the belief that the threat of 
nuclear winter will persuade governments 
towards effective arms control. The risk is 
that such an incentive can be no more 
substantial than the threat. Some have 
further endangered their position by using 
the same bogey-man against extraneous 
targets as when Professor Paul Ehrlich told 
a BBC radio audience the other day that the 
British government’s arrangements for 
civil defence were ‘‘nonsense’’, perhaps 
not knowing that those plans are justifiable 
only against a few bombs not an attack that 
could cause nuclear winter. 

One of the technical community’s admi- 
rable achievements, in what other com- 








Where now with nuclear winter? ~ 


The US academy’s predictable plea for more research should be granted if people are that worried. But 
the real need is for steady nerves — and atmospheric physics. 


munities call the nuclear age, is its stiffness 
of purpose about the need somehow to 
contain the threat that a third nuclear 
weapon, then perhaps a fourth, and so on, 
might be used in anger. What those who 
work the nuclear-winter lobby overlook, or 
even reject outright, is that occupants of 
other lobbies, even the star-wars bunch, 
are equally steadfast in saying that their 
objective is to avoid nuclear hostilities. 
Logic-chopping in such circumstances 
serves little purpose (but in the 1950s it 
persuaded nuclear governments that the 
risk of genetic defects from fallout was too 
great to allow unrestrained nuclear testing 
in the atmosphere). The sad truth is that 
trying to bridge this gap is a plainly more 
formidable task than that of winning more 
general huzzas by identifying a hazard that ` 
others have not seen. 

In the circumstances that have now 
developed, it is hard to know what should 
be done. The National Academy report 
asks that there should be more research. It 
does not say how much more. What the re- 
port has done is to identify a series of 
important and interesting problems in at- 
mospheric physics that, in their own right, 
deserve attention. Dealing with them under: 
the contrived rubric of nuclear winter 
rather than atmospheric physics will be 
artificial and even uneconomic. The price 
worth paying will depend on how deeply 
and generally ingrained is the belief in the 
certainty of nuclear winter after nuclear 
war. The ideal would be to spend the extra 
on atmospheric physics. 

What should be done? Bigger and better 
models are not the immediate need. What 
the argument about nuclear winter has 
vividly demonstrated is that future models 
need better ways of dealing with physical 
processes in the atmosphere. After a cen- 
tury of research (since C.T.R. Wilson), the. 
dynamics of cloud formation is only poorly’. 
understood, yet clouds provide the rain 
that cleanses the atmosphere of nuclear. 
smoke as well as other things. Taking 
account of discrete clouds (as distinct from 
average cloudiness) in climatic models. 
remains a puzzle. Dealing with what hap- 
pens when contiguous columns.in the at- 
mosphere differ sharply in constitution (as 
at the edge of a cloud of nuclear smoke) is 
an interesting challenge. It may not be one 
of those “fundamental and moral chal- 
lenges to all of humanity” referred to in the 
preamble to the SCOPE subcommittee’s 
manifesto, but it might help people to sleep 
more easily in their beds. John Maddox. - 





Astronomy 


_ from David W. Hughes 


_ TO THE astronomically-initiated star- 
» gazer, six hundred or so of the brightest 
“stars are dragooned into an array of con- 
stellations. For anyone who has wondered 
why, when-and by whom this cartographic 
system: was. drafted, Archie Roy of 
lasgow University provides some answers 
in Vistas in Astronomy 27, 171; 1984. 
< First, bear in mind that an observer 
living at latitude 0°N not only: never sees 
the south celestial pole but also finds that 
ars with declinations between - 90° and 
~0° never rise above the horizon. More- 
over, the celestial poles are not fixed but 
precess about a circle of radius 23.5° every 
26,000 years.. It-is, then, not difficult to 
tablish the era and the domicile of the 
original draughtsmen. There is a patch of 
ky in the southern celestial hemisphere 
which has no ancient constellations, even 
though it is spattered with bright stars, and 
whose angular radius of avoidance is about 
36°. This means that the originators of the 
constellations must have lived somewhere 
on the longitude line 36°N. And, allowing 
for precession, the centre of the zone 
. corresponds to the south celestial pole of 
~“ around 2,500 Bc. 
“Why was the constellation system 
devised? The clues come from the work of 
Hipparchus( 125 Bc), Eudoxus (409-356 
BC) and Aratus (315-250 BC). Aratus 
was a poet who, at the instigation of 
King Gonatus of Macedonia, wrote the 
Phaenomena, a poem embodying the work 
sof Eudoxus. According to M.W. Ovenden 
(Philosophical Journal 3; 1;1966) the daily 
< and- seasonal behaviour: of the constell- 
ations. discussed in this work are com- 
/  Mensurate with a date of 2,600 % 800 BC 
` and a latitude.of 36% 1.5°N. But Roy’s 
re-analysis of the poem, concentrating on 
its description of the positions of the 
celestial equator and the celestial tropics of 
Cancer and Capricorn, leads him to date 
the description to 2,000 % 2008c; Eudoxus 
seems to have been writing not about the 
sky that he could see but about the sky as it 
<o Was 1,600 years earlier. Neither Eudoxus 
“nor Aratus. bothered to check that their 
poetic picture agreed with the Greek sky 
of 400- 250 Bc: they simply reproduced 
previous work. Hipparchus did check, and 
=c the discrepancies. probably led him to 
-discover polar precession. 
os» Eudoxus was writing about people who 
- had a sophisticated astronomical outlook 
o Which encompassed an Earth poised in 
- space with the heavens revolving about it 
_ ona bipolar axis, although one pole was 
_ not visible. The constellation system seems 
o have been designed primarily as a navig- 
ational ‘aid for sailors. Non-circumpolar 
< constellations (those with declinations 
“between + 0° and - 0°) always rise and set 


































































at a specific compass point on the eastern 
and western horizon. A ring of constell- 
ations with the same angular distance from 
the celestial equator can be used to indicate 
a specific compass setting throughout the 
night and would have been a great navi- 
gational aid at a time when there was no 


acceptable pole star. 


So who were the original draughtsmen? 
Four groups have been suspected -~ 


the Phoenicians, the 
Egyptians, the Baby- 
lonians and the Mino- 
ans. The Phoenicians 
can be ruled out 
because they prospered 
too late, from about 
1500 ~ 500 BC. The 
Egyptians, despite their 
sophistication and their 
role as tutors to early 
Greek science, simply 
lived too far south. The 
Babylonians are strong- 
er contenders: the 
Sumero-Akkadian 
people of the Euphrates 
region were great be- 
lievers in astrology, and 
the movement of plan- 
ets through the Zodiac 
was used for calendrical 
and religious purposes. 
The records left on their 
clay tablets leave us in 
no doubt that as far 
back as 2,100 BC they 
were using a system of 
constellations essenti- 
ally similar to that given 
in Aratus’s poem. 
Moreover, navigation 
was important to the 
Babylonians for their 
links with India and 
South Arabia, centred 
on Bahrein (ancient 
Dilmun). On the other 
hand, their sea traffic, 
was closer to the equa- 
tor than the ‘observer’s 
latitude’ derived from 
Eudoxus. 

This leaves the Mino- 
ans, who lived on Crete 
and the Cyclades, and 
traded from there with 
Egypt, Greece, Cyprus, 


Andromeda (top) and 
Perseus by Giovanni 
Paolo Gallucci (1588). 
From George S. Snyder 
Maps of the Heavens 
(Andre Deutsch 1984), to 
be reviewed in Nature . 
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Syria and Mesopotamia: througho 
third millenia Bc. Roy considers th 
the Minoans who borrowed and developed 
early Babylonian ideas and transform 
them into a complete celestial sphere o 
constellations for navigational purposes. 

But why was the Eudoxian sky 1,600. 
years out of date? A simple solution’ is 
proposed. With the complete destruction 
of the Minoan civilization around 1,450 
by the volcanic explosion of Thera 
(Santorini), their astronomical ideas an 
constellations were frozen in time. AEJ 
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NEWS AND VIEWS 


Interaction between whistlers 
and radiation belt electrons 


Jrom M.J. Rycroft 


ANYONE using a radio receiver during a 
thunderstorm is familiar with the fact that 
lightning produces radio waves. What is 
not so well known is that some of these 
radio waves, those at audio frequencies of a 
few kHz, get trapped in ducts aligned along 
the Earth’s magnetic field and bounce back 
and forth (‘hop’) along the dipolar field 
lines. The dispersive nature of the medium 
through which the waves travel ensures 
that, in general, the higher frequency com- 
ponents travel faster than the lower. When 
picked up on a broad band receiver, the 
waves are heard as a succession of descend- 
ing whistles (hence ‘whistlers’), the rate of 
descent decreasing on successive hops. On 
page 740 of this issue Voss etal’. report the 
first satellite observations of another direct 
consequence of lightning flashes: the 
dumping of energetic electrons from the 
magnetosphere into the upper atmos- 
phere'. Such phenomena have geophysical 
and astrophysical relevance. 

The van Allen radiation belts contain 
electrons and ions that are trapped by the 
Earth’s magnetic field, accelerated to en- 
ergies of some tens of keV by a variety of 
plasma physical processes which occur in 
the magnetosphere, preferentially on the 
night-side of the Earth, and associated with 
auroral substorms. Theoretical considerat- 
ions of the loss of electrons from the belts 
have focussed on the cyclotron resonant 
interaction between whistlers, the fre- 
quencies of which are below both the 
plasma frequency and the cyclotron fre- 
quency, and energetic electrons travelling 
in the opposite direction along a geomag- 
netic flux tube. The condition for cyclotron 
resonance is that the electron ‘feels’ the 
wave Doppler-shifted up to its cyclotron 
frequency. In the equatorial plane, the 
phase velocity — and also the group 
velocity — of whistler mode waves prop- 
agating along a geomagnetic flux tube in a 
duct of slightly enhanced plasma density is 
a minimum. Thus, the equatorial plane is 
where cyclotron resonance occurs with 
electrons of the least energy. 

The first observation of such a wave- 
particle interaction in the magnetosphere 
was serendipitous; during the flight of a 
Petrel rocket, carrying Geiger counters and 
launched from the Outer Hebrides, a tran- 
sient increase in the intensity of energetic 
electrons having pitch angles between 60° 
and 120° was recorded (Rycroft, M.J. 
Planet. Space Sci. 21,239; 1973). The 
increase, by a factor of 20 above the quasi- 
steady intensity observed throughout the 
remainder of the flight, occurred in 0.8 
seconds and was simultaneous for both 
>45 keV and >110 keV electrons. About 


half a second later a two-hop whistler was 
recorded on the ground. During the period 
of enhanced electron intensity, the entire 
duration of which was only about six 
seconds, four-, six- and eight-hop whistlers 
were also received. From an analysis of 
their spectrogram, it was concluded that 
the whistlers were ducted through the mag- 
netosphere along the L=3.3 + 0.1 field 
line. The electron density in the equatorial 
plane, N, was found to be 330+ 10 cm™, a 
value that is characteristic of conditions 
within the plasmapause. 

It was suggested that the association of 
whistler and electron intensity was not 
coincidental but the result of a cyclotron 
resonant interaction between energetic 
electrons and whistler mode waves moving 
in opposite directions along the L = 3.3 flux 
tube. For gyroresonance on this flux tube 
at the equator, the parallel component of 
energy of the electrons is 25 keV at 3 kHz 
in the whistler band, or 100 keV at 1 kHz 
below it. A possible explanation is that 
energetic electrons of a sufficiently aniso- 
tropic pitch-angle distribution-function 
and associated with electrons injected 
during an earlier auroral substorm become 
unstable, through cyclotron resonance in- 
stability, when they drift into the high den- 
sity plasmasphere. The instability causing 
the burst of electron precipitation was be- 
lieved to be triggered by the half-hop whis- 
tler propagating across the equator. The 
whistler was amplified during the interac- 
tion; it was later observed, above the 
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background noise level, as a two-hop 
whistler. 

Voss ef al. have measured this wave- 
particle interaction by sophisticated solid- 
state instrumentation cooled to 150 K 
aboard the S 81-1 satellite in a polar orbit at 
230 km altitude. They show several 
examples of one-hop whistlers, observed 
on the ground in Antarctica, that are assoc- 
iated with bursts of precipitating electrons. 
The flux of precipitating electrons is 
observed to rise by a factor of up to 100 
within 0.2 seconds. Because the cyclotron 
resonance interaction reduces the pitch 
angle of energetic electrons trapped in the 
magnetosphere, their mirror points 
descend below the satellite altitude. For 
cyclotron resonance in the equatorial plane 
of the L=2.2 + 0.1 flux tube, N is 
estimated to be 3200 cm~; waves with a 
frequency of 4 kHz resonate with 150 keV 
electrons. Such energetic particles can 
penetrate the atmosphere down to a height 
of 80 km, where they cause a significant 
amount of secondary ionization. This can 
affect the characteristics of very low fre- 
quency radio waves propagating in the 
Earth-ionosphere waveguide. 

The overall efficiency of whistlers in 
causing the loss of the van Allen radiation 
belt electrons is still not known. However, 
with a globally-averaged rate of about 100 
lightning discharges per second (Brookes, 
C.E.P. Geophys. Mem., London 24; 1925) 
there is considerable scope for further 
experimental studies of this wave-particle 
interaction. Such studies are also of 
relevance to other magnetospheres in the 
Universe, and to the loss of charged 
particles from plasma devices in any Earth- 
bound laboratory that relies on magnetic 
mirrors for plasma containment. o 





M.J. Rycroft is in the NERC British Antarctic 
Survey, Cambridge CB3 QET, UK. 


A CORE sample, obtained in the course of test-drilling from a North Sea oil rig belong- 
ing to Marathon Oil, produced this 150-million year old fossil of the front half of the 
fish Tharsis dubius, now in the British Museum of Natural History. 











Tropical ecology 






from Jared M. Diamond 


_ MOST biologists have their permanent 
homes in the temperate zones. The most 
species-rich biological communities are in 
the tropics, the rainforests of which are 
often: described by stereotypes such as 
“seasonally constant’ and ‘complex’. Dr. 
“Harry. Bell of the University of New 
‘England in Armidale, Australia is respon- 
ble for one of the few uninterrupted and 
intensive ecological. studies by biologists 
_ resident in the tropics and his recent papers 
provide a wealth of quantitative infor- 
‘mation for tropical bird communities of 
New Guinea. 
Following a series of studies that began 
in 1964, Bell devoted 1975-1978 to a census 
of the 165 bird species on a 2.5 hectare plot 
of rainforest '? and on a nearby 1-km tran- 
sect across savanna’. He estimated the 
diet, body weight, population density, 
vertical distribution, and the seasonal 
changes in status of each species. 
Although New Guinea is near the equa- 
tor and 80 per cent of the rainforest bird 
species show no significant seasonal 
` changes in abundance, their breeding is as 
© markedly seasonal as in the temperate 
“i zones, although geared to changes in rain- 
. fallrather than day-length +>4, Most carni- 
vores: and omnivores breed in the drier 
season, before the onset of the heavy rains 
that would damage their nests!. Most 
ground-feeders breed in the wetter season, 
when the ground is soft and food more 
easily extracted':+. The grass warbler 
Cisticola exilis starts calling and displaying 
within three days of a single rain, and 
ceases again in a few days if thereis no more 
> rain, 
Compared with temperature-zone birds, 
those of New Guinea have low nesting suc- 
<x cess, low recruitment of young, and are 
_ long-lived'+°. Open nests contain only 1.4 
‘eggs on average (4-6 in temperate zones), 
«sand an astonishingly high number (88 per 
_ cent) of the clutches fail!. Of young 
_ paradise kingfishers that leave the nest, 
_ most disperse, starve and die in their first 
< year without having obtained a territory‘. 
Conversely, annual mortality of adults is 
only 10-20.per cent*. 

Bell estimates there to be 69 birds per 
hectare, between 3-30 times more than in 
most temperature-zone forests'. Bird bio- 

“mass is about 5 kg per hectare. Even com- 
= pared with other tropical areas, New 
» Guinea has a high species diversity and bio- 
mass of obligate frugivores (especially, 
. large pigeons and parrots) — probably an 
`; evolutionary result of the paucity of fruit- 
eating mammals on the island. 
_ Some of Bell’s observations highlight 
_ two. under-appreciated factors in habitat 
‘selection by rainforest species. First, some 
inséctivores of the dark understory with 






























Long-term rainforest studies 














large eyes refuse to cross even small sunlit 
paths', whereas other species of the forest 
canopy seem to need strong sunlight. 
Second, the parrot Pseudeos fuscata will 
never cross a mountain pass through which 
a stream runs, in its daily commuting of up 
to 50 km from roosting to feeding sites 
across the lofty Central Cordillera of New 
Guinea!, 

Bell’s papers abound with examples of 
the complex interspecies relations for 
which the tropics are famous. Kingfishers 
and pygmy parrots excavate their nests in 
arboreal termite nests*®’. Different king- 
fisher species use different-sized nests, and 
the density of termite nests probably limits 
kingfisher abundance in second growth’. 
Ground pigeons that swallow pebbles, and 
thereby can grind up hard seeds in their 
stomachs, collect seeds defecated or regur- 
gitated intact by frugivorous bird species 
with weak-walled stomachs®. The male and 
female of the flycatcher Arses telescoph- 
thalmus are each more similar ecologically 
to other fly-catcher species than to one 
another. Compared with the female, the 
malé has longer and more curved claws and 
amore slender bill, for gleaning insects off 
understory vertical trunks and vines, 
whereas the female has a longer tail, wider 





bill, and more rictal bristles, for 
insects in midair®. 

One of the most interesting examp! 
group behaviour involves the babble 
Pomatostomus isidori'. This species Ji 
in groups of about eight, which join 
build one nest, roost in the nest, and rear 
and feed one or two young. They forageto- 
gether and exchange incessant contact. calls 
and an all-clear ‘yahoo’ call, with one indi 
vidual acting as leader and giving a dis 
tinctive ‘leader call’. The babbler flock i 
followed by rusty pitohuis (PitoAu 
Jerrugineus), and both the babblers 
pitohuis are followed by bird. species o 
several other families (including birds 0 
paradise), all of which mimic the babbler’ 
and pitohui’s rusty colour, and some o 
which also mimic the calls. 

Until recent decades, tropical ecology. 
was regarded as hopelessly complex; and. 
graduating ecologists were advised to study 
simpler communities like the desert and the. 
arctic. Bell’s papers set new standards for. 
quantitative long-term tropical work and — 
show that rainforest studies are complex 
and fascinating but not hopeless. 
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Biotechnology 


Cancer toxin genes cloned 


Jrom Karol Sikora 


CLINICAL research into cancer treatment 
badly needs new leads. The major stum- 
bling block is the poor discrimination of 
systemic agents for common solid 
tumours. Some immunological mediators 
are known to have specific anti-tumour 
effects but the mechanisms involved are 
poorly understood. Ultimately, it is only 
through molecular cloning that the 
individual proteins will be characterized 
and their functions elucidated. Inter- 
ferons, the first to be cloned, are now 
undergoing extensive, if rather disappoint- 
ing, clinical trials'. On page 721 and 724 of 
this issue the cloning of two other 
molecules of great clinical potential, lym- 
photoxin and tumour necrosis factor, is 
reported?, 

The discovery of cancer toxins dates 
back at least to 1891 when a New York 
physician, William Coley, began giving 
patients mixtures of toxins from various 
bacteria‘. His rationale was that cancers 
sometimes regressed in patients after a 
severe bacterial infection. The dramatic 
tumour reponses he saw were later reported 
with evangelical zeal’ and the whole sub- 




























ject of the anti-tumour effects of bacteri 
endotoxins heralded in the era of active 
immunotherapy. But the bacterial: prod- 
ucts themselves were not found to destroy 
tumour cells in vitro. This paradox was. 
resolved by the discovery that endotoxins, © 
when injected into suitably primed ani- 
mals, stimulate macrophages to producea © 
‘tumour necrosis factor’ (TNF) that causes 
haemorrhagic necrosis in tumors®, But 
even before this, tumour immunologis 
had demonstrated that sensitized lympho- 
cytes could also destroy tumour cells 
through soluble mediators — the lympho- 
kines, including lymphotoxin (LT)’. 

Antibodies to partially purified TNF and. 
LT provided evidence of structural differ- 
ences between the two cancer toxins, both 
of which are able to distinguish between 
tumour cells and normal cells, and destroy 
only the former’, But although an in- 
triguing new pair of selective tumour-des- 
troying agents had been discovered, exper- 
imentalists were plagued by their impurit 
Batch-to-batch variation, tedious bi 
assays and the lack of molecular character- 
ization precluded further analysis. Indeed, 









an over-optimistic interpretation of con- 
fused data. ` 
Against the background of doubt, the 
use of sophisticated biotechnology has now 
-unravelled the structure of both TNF and 
LT. The gene for TNF was cloned from the 
human. promyelocytic leukaemia line 
'HL60, which produces large quantitites of 
TNF upon stimulation. Amino acid se- 
quence data from tryptic peptide analysis 
d to the construction of a 42-base oligo- 
deoxynucleotide that was used to extract 
TNF cDNA from a cDNA library. From 
the sequence of the cDNA it is clear that 
. TNF is made as a 157-amino acid precursor 
from which the amino-terminal 76-amino 
acid segment is cleaved prior to secretion of 
NF. The cleaved fragment may well 
„represent an unusually long signal peptide 
and contains arginine and lysine dipetide 
“pairs of the kind often associated with the 
release of physiologically-important pep- 
-tides from precursor molecules '°, The TNF 
. produced when the cDNA was expressed in 
in Escherichia coli was tested for biological 
activity; tumour necrosis is demonstrable 
with microgramme quantities. 
LT was purified from a phorbol ester- 
imulated human lymphoblastoid cell 
ine, its amino-terminal 155 amino acids 
were determined by microsequencing and a 
orresponding oligodeoxynuclotide was 
synthesized. This long probe was used to 
solate a cDNA clone from which the 
complete LT sequence was derived. Again, 
a signal sequence is found, in this case 34 
ino acids long. LT produced from the 
INA in Escherichia coli has clear anti- 
“proliferative effects on several human 
tumour cell lines but not on normal cells. 
Furthermore, it destroyed a murine 
sarcoma in vivo. 
Both molecules can kill tumour cells. 
_ Can we learn anything of their structure- 
activity relationships? It turns out that 
-there is considerable similarity between the 
» sequences of TNF and LT. Of the 157 
camino acids of TNF, 44 are matched in LT 
when suitable gaps are introduced. Many 
more amino acids show conservative 
_ changes. There are two well conserved 
gions within the molecules in addition to 
he hydrophobic carboxy-termini. One 
conserved. region perhaps binds to a 
_ cellular receptor, the others may effect cell 
destruction. Many intriguing questions can 
now be addressed. What is the basis for 
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selective tumour c ructi 
toxins have to be released in the vicinity ofa 
tumour or are they éffective systemically? 
Is there species-specificity? Now that the 
genes are cloned, material will be available 
for these studies. 

What of the clinical potential of the 
toxins? Several groups have cloned, or are 
on their way to cloning, the DNA for one or 
both toxins and clinical trials will start 
soon. Animal experiments are in progress 
to determine the pharmacokinetics of 
tumour destruction. Most of the early 
animal work used crude extracts injected 
into the tumours but the clinician will be 
more interested in systemic therapy 






ruction? Do these |- 


static disease. 

there may be profound side effects! 
fact, the symptoms of many diseases areo 
probably mediated through the release by 
the immune system of proteins such as TNF © 
and LT. The elucidation of the precise > 
structure of these two molecules and their 
production in a pure form will stimulate 
renewed interest in their clinical exploit- 
ation and in the biological mechanisms that. 

control cancer. Ce 
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Molecular biology 


Upstream and downstream 
control of eukaryotic genes 


from Tim Reudelhuber 


How does a specialized cell selectively 
express only a small subset of the tens of 
thousands of genes at its disposal? This 
question is of fundamental importance in 
molecular biology and may also have 
practical importance in such fields as 
medicine and agriculture. In prokaryotes, 
transcription is controlled by regions of 
DNA on the upstream, or 5’, side of 
structural genes. These regulatory or 
promoter regions are composed of a set of 
DNA sequence elements whose function, 
in most cases, has been clearly demon- 
strated. As a logical extension of this 
knowledge, the attempt to identify tran- 
scriptional control elements in eukaryotes 
has also been focused, with considerable 
success, on the DNA sequences upstream 
of structural genes. But two recent reports 
in Cell suggest that the human adult f - 
globin gene may also contain a crucial 
control element downstream of its 
transcription start site. 

The upstream control elements of 
eukaryotic genes are classified into three 
types based on their function, their 
sequence characteristics and their position 
relative to the start site of transcription (see 
Fig. and ref. 3). One type, termed a TATA 
box element (because the sequence is fre- 


quently TATA), is involved in fixing the 
start site of transcription to a point 30 base 
pairs downstream from its own position. A 
second type, the upstream element, is a 
broad class of sequences, at a variable dis- 
tance from the transcription start site, that 
seems to be important in determining the 
level of transcription. These elements have 
variously been referred to as G-C rich 
elements and even CCAAT boxes (again 
because of their sequence). Finally, 
enhancer elements, which were first re- 
ported in mammalian viruses, seem to be 
able to stimulate gene transcription from 
considerable distances and have been 
postulated to be tissue-specific modulators 
of transcription for some mammalian 
genes (see for example refs. 4, 5). 

The evidence that a human globin gene 
is, in part, controlled by a downstream 
element arose from attempts to define the 
DNA sequences responsible for the differ- 
ential expression of human a@-globin and 6 - 
globin genes. The adult a-globin gene is 
expressed throughout fetal and post-natal 
life whereas the members. ofthe # group are 
expressed during development in the order 
e (embryonic), y (fetal) and adult 8 globin. 
The controlling sequences for this 
differential expression were investigated by... 
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Features of eukaryotic protein-coding genes. 
interspersed introns comprise the structural gene, 


Transcription. start site 


Protein-coding -sequences {open boxes) and 
upstream of which isa promoter region containing . 


three types of control elements.(Courtesy A. Wildeman.) 


Charnay ef al. by means of introducing the : 





cloned genes into a mouse erythroleukemia 
-(MEL)cellline'. If terminal differentiation 
‘of MEL cells is induced by various agents in 
vitro, there is a concomitant activation of 
transcription from the endogenous a- 
globin and f -globin genes and from the 
introduced cloned human B -globin gene, 
but not from the introduced cloned human 
< /q-globin gene (which seems, inexplicably, 
~-to be expressed constitutively before and 
‘after differentiation). 

















Charnay etali. is that a hybrid of the 
uman a-globin upstream promoter region 
-and the f} -globin structural gene sequences 
- . -dsinducible in the same manner as the com- 
-plete B -globin gene. An identical finding is 
reported by Wright ef al. from experiments 
with hybrid genes that consist of fusions 
` between the promoter of either the non-in- 
‘ducible human fetal (y) globin gene or a 
mouse histocompatibility antigen 
H-2K>™) gene and human adult 8 -globin 
structural gene sequences. Again, upon 
ntroduction into MEL cells, the hybrid 
‘genes were f -globin-like in their induction. 
These results suggest that the f -globin 
gene, which has a full complement of 
functionally important upstream promoter 
<; elements®, also harbours an element within 
the structural gene that is crucial for 
appropriate expression in erythroid cells. 
¿i With these findings, the human B -globin 
gene joins a small but growing number of 
aryotic genes that have been shown to 
> regulatory sequences downstream 
rom. the start site of transcription. The 
Xenopus 58 ribosomal RNA gene (which is 
transcribed by a different RNA poly- 
merase) also has a regulatory element 
“within the domain of its structural gene’; 
-some mouse immunoglobulin genes con- 
tain an enhancer element within an intron‘; 
-= andthe chicken thymidine kinase gene has 
«o atv intragenic control element (although it 
-© is not yet known whether this control is at 
< the transcriptional level)’. 
Could gene regulation be one of the 
. functions of the gene-splitting introns of 
_--eukaryotes? Circumstantial support for 
«this hypothesis comes from the finding that 
‘the introns of many coordinately-con- 
trolled. and neurone-specific genes in the 






























“rat brain contain some sequences in com- 


mon’. In any case, it is apparent that 
“despite the tremendous recent progress in 
determining the control elements of eu- 
karyotic genes, we have still a lot to learn. 3 
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Enlightenment and confusion 
over steroid hormone receptors — 


from R.J.B. King 


‘STEROID hormones combine with specific 


receptor proteins to form a complex that 
binds to cell nuclei, thereby switching on 
messenger RNA (mRNA) synthesis from 
specific genes. That statement could have 
been made nearly twenty years ago; the 
intervening years have been spent in sorting 
out the nuts and bolts of the model. Major 
questions have been: what is the relation- 
ship of the cytoplasmic ‘8S’ receptor pro- 
tein (if it exists) to the smaller nuclear 
receptor; what is the nuclear acceptor for 
the hormone-receptor complex; how does 
the complex switch on the genes; and how 
do different hormones influence the same 
cellular function? 

Many of the difficulties encountered in 
attempts to answer these questions can be 
ascribed to two practical problems. First, 
receptors have, until recently, only been 
detectable by the use of radioactive 
steroids, so that in most cases only the 
functionality of the steroid-binding 
domain of the receptor has been followed. 
Second, there has often been no certain 
way of testing the biological relevance of 
the molecular interactions being studied. 

In the case of the glucocorticoid hor- 
mones, the latter problem has been partly 
resolved by the isolation of variant mouse 
lymphoma cell lines that are abnormally 
unresponsive to glucocorticoids'. The 
variant cells fall into three categories: those 
that are deficient in the cytoplasmic recep- 
tor (r~); those that are defective in nuclear 
transfer (nt~); and those with increased 
nuclear transfer (nt'). These variants have 
enabled some correlations between 
receptor properties.and biological function 
to be made. Work on the glucocorticoid 
receptor has also been helped by the 
molecular dissection of mouse mammary 
tumour virus (MTV), which is transcribed 
into RNA when induced by glucocorti- 
coids. A combination of studies involving 
the construction of chimaeric genes, a 
range of viral deletion mutants and the 
binding of purified receptor to specific 
DNA constructs has suggested that gluco- 
corticoid receptor switches on MTV trans- 
cription by binding to specific sequences 
within the ‘long terminal repeat’ of 
MTV? In other genes, too, the evidence is 
pointing to a region of DNA upstream of 
the mRNA initiation site as the acceptor 
site for steroid receptors. Interestingly, 
there are additional binding sites for the 
receptor. They are within the structural 
gene and of unknown function, 

If ail steroid receptors bind to some 
upstream gene region, it could explain how 
one biological function can be produced by 
different steroids through the appropriate 





receptors. Glucocorticoid and progest 
erone receptors have recently been sho 
to bind in vitro to overlapping regions o 
the MTV and chicken lysozyme DNA® 
and there is increasing comment about co 
sensus sequences able to recognize d 
ferent receptors. Moreover, unpublish 
data, from my, own: laboratory. sugg 
that the long terminal repeat of MT 
which classically responds only to 
glucocorticoids, responds to androgen 
after it is experimentally transferred to cell: 
that carry androgen receptors. 

As to the shortcomings of relying’ on 
radioactive ligands, it has long been 
accepted wisdom that they would largely be 
overcome by the production of good anti- 
bodies to receptors. This has proved to be 
correct but only at the cost of raising both 
tempers and more questions. Where mono- 
clonal antibodies have been generated ú 
equivocally against the steroid-bindi 
subunit of a receptor, lack of ‘cro: 
reactivity with other classes of ‘stero 
receptor has been established and, in s01 
cases, receptor genes and their mRNAs 
identified. Thus, on page 779 of this is: 
the groups of Yamamoto and Gustaf: 
describe the use of MTV, the lymphom 


‘variants and monoclonal antibodies to. 


glucocorticoid receptor, not only to 
identify the receptor gene and its mRNA 
but also to characterize further. the 
lymphoma variants®, Perhaps their most 
interesting result is that even the r~ cells 
produce a normal-sized mRNA from the 
receptor gene, albeit in reduced quantity. 
Why should there be any mRNA in the 
cells? The authors suggest that the r~ (and 
nt') cells produce a non-functiona 
‘receptor’ protein. 

A ‘receptor’ that does not bind hormone 
— inthis case progesterone — has also been 
identified in chick oviduct cells and ‘its 
cDNA has recently been isolated in 
O’Malley’s laboratory. A monoclonal 
antibody against the B-subunit of the re- 
ceptor was used to identify the gene 
product, The antigen is similar to the pro 
gesterone-binding domain both with 
respect to size and peptide map. On- the 
other hand, Baulieu’s group has a mono: 
clonal antibody to chick oviduct progest 
erone receptor which recognizes a protein 
that does not bind steroid, shows no simil 
arity to the steroid-binding domains’ and 
which is claimed to be common to all. 
classes of receptor '°, O’Malley’s group, 
however, has since suggested that this 
protein is an artefact !!. ce 

Thus, there are at least three candidate 
components of the ‘8S’ receptor — as. 
steroid-binding subunit and two. non 
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and the other dissimilar | to the binding 
subunit. Additional examples exist of 
monoclonal. antibodies raised against a 
_ partially purified glucocorticoid receptor ? 
corran oestradiol receptor (in my own 
: laboratory) that do not react with steroid 
binding subunits. Confusion abounds. But 
if the nuclear rather than cytoplasmic 
ocation of unoccupied oestradiol receptor 
is verified °, the ‘8S’ receptor may anyway 
‘bean artefact. 

My own feeling is that, given the impure 
plature of the receptor preparations used to 
raise the monoclonal antibodies and the 
general ability of of steroid-binding 
ubunits to react non-specifically with a 
wide range of macromolecules, the 
_ characterization of the antibodies should 
be closely scrutinized. If the antibody 
reacts directly and unequivocally with a 
Steroid-binding protein, then valid 
deductions are in order; if this criterion is 
‘not satisfied, data from the system should 
‘be interpreted with caution. My current 
-view is that the texts on receptor structure 
will require rewriting but it would be 










Earth sciences 


‘from M.J, Bickle 


‘ELL-preserved volcanic and sedimentary 
‘ocks in Archaean greenstone belts provide 
unique record of surface and magmatic 
rocesses during the first half of the history 
of the Earth, Unravelling stratigraphic 
relationships in the structurally complex 
‘greenstone terrains is the first prerequisite 
to their interpretation. This depends large- 
ly on isotopic methods of geochronology, 
particularly the decay of uranium to lead 
nd of samarium to neodymium in whole- 
rock samples. Although most Sm—Nd ages 
determined in whole-rock samples agree 
well with ages derived by other methods, 
some significant discrepancies have 
recently emerged, highlighted this year by 
reports of markedly different ages for the 
volcanic succession of Kambalda in 
Western Australia ?. The age of the 
Kambalda sequence is important not only 
because of its tectonic significance but also 
as-a guide to the search for nickel ores. 

“For Kambalda, Claoué-Long ef al? 
obtain a whole-rock Sm-Nd isochron of 
262 + 44 Ma (20 errors) on samples of 
komatiite, high-Mg basalt and tholeiitic 
basalt. This is about 400 Ma older than, 
tha Pb-Pb age of 2,720 + 105 Ma on the 
same volcanic rocks and model Pb ages of 
2,840 + 35 Ma on the associated iron- 
kel-sulphide ores obtained by Rod- 
dick?. Until recently, the Sm-Nd age 
would have been accepted without 
question because it satisfies the normal 
criteria. In. particular, the samples include 
_-Only basalts and magnesium-rich komatiite 
lavas, and not the felsic volcanics and 


“foolhardy to start just yet On the other. 








hand, work on gene isolation of the type 
described in this issue of Nature represents 
a major advance towards our under- 
standing of steroid hormone action. G 
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Suspect Sm-Nd whole-rock ages 


intrusives that may not be cogenetic but 
were included in a previous study’. 

U-Pb systematics in volcanic rocks are 
relatively easily altered and, as discussed by 
Roddick*, the Pb-Pb whole-rock age on 
the volcanics may be reset by metamor- 
phism. The model Pb ages of 2,840 + 35 Ma 
on the iron-nickel-sulphide ores are less 
easy to reconcile with the Sm-Nd age. 
Field, petrological and geochemical 
criteria are consistent with separation of 
the iron-nickel~sulphide ores as an immis- 
cible sulphide liquid during emplacement 
of the high-temperature komatiite lavas; 
alteration of the Pb isotopic compositions 
of 3,260 Ma Pb-rich, U-poor sulphide ore 
to lie near the 2,800 Ma point on the goe- 
chron is not easy to envisage. 

A major difficulty is that the age discrep- 
ancy is not readily testable by alternative 
methods as there are few independent con- 
straints on the age of the Kambalda 
sequence. The only good date available 
from the Kambalda area is a minimum age 
set by an intrusive 2,820 + 15 Ma grano- 
diorite. Stratigraphic correlation of the 
sequence at Kambalda with surrounding 
areas is uncertain in this structurally 
complex and poorly exposed terrain; 
indeed, this is an area where geologists wish 
to use isotope geochronology to test the 
stratigraphy. 

The only piece of evidence seriously to 
challenge the Sm-Nd result is the Pb 
isotopic composition of the iron—nickel- 
sulphide ore, but model Pb age calcula- 
tions are essentially empirical and do not 











so, may the Sm-Nd ‘be in "error? A few. 
recent studies have revealed potential pro- 
blems with Sm-Nd geochronology that 
may be partially explained by the emplace. 
ment of high-temperature komatiite lavas. 
A sequence of basalts and komatiites in the 
Abitibi Belt, Canada, gives a whole-rock 
Sm-Nd isochron of 2,826 + 64 Ma, but the 
age of the rocks is well constrained to less 
than 2,697 + 1.1 Ma by a U-Pb zircon age” 
on stratigraphically-underlying felsic 
volcanics®, suggesting that this systematic 

error in the Sm-Nd age results from: 
heterogeneity of initial Nd isotopic ratios 

of the source®, Dupré ef al.” record 

variable Sm/Nd ratios within an individual 

flow elsewhere in the Abitibi Belt and 

conclude that the variation results from 

contamination due to melting and assimi- 

lation of the underlying flow. Thus, both 

source heterogeneity and contamination 

could lead to systematic errors in Sm-Nd 

whole-rock ages. 

Where the initial ?Nd/'“4Nd ratio and 
Sm/Nd ratio correlate, a linear relation- 
ship between the two parameters will be 
preserved on the isochron diagram but age 
calculation will be systematically in error, 
Correlation of any initial daughter isotope 
ratio with parent/daughter ratio may occur 
in any whole-rock geochronological meth- 
od, but the very similar geochemical 
behaviour of the rare-earth Sm and Nd 
limits the dispersion of Sm/Nd ratios and 
makes the age calculations sentitive to 
small systematic differences in initial Nd 
isotopic composition. Both mantle source 
heterogeneity and contamination can lead 
to initial'“Nd/'“Nd and Sm/Nd ratios 
that are relatively well correlated. 

If the 3,260 Ma age of the Kambalda 
suite is a result of source heterogeneity, the 
mantle source regions for the lavas must 
have had a long history of variable deplet- 
ion by 2,800 Ma. Whether petrogenetic 
processes of melting and fractionation 
could erupt lavas with unchanged, or 
systematically changed, Sm/Nd ratios is 
open to question. 

The likelihood of contamination of the 
unusually high temperature komatiite 
lavas has been given new emphasis by 
recent theoretical and experimental 
modelling of their emplacement. Huppert 
et al.” have suggested that the flows may 
melt up to 10 per cent of their volume of 
underlying rock. This process may be the 
cause of the deep channels at Kambalda, 
which are cut into the underlying basalt and 
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“filled with iron—nickel-sulphide and 


< Komatiite?. Similar contamination by 
_ melting wall rock during ascent of magmas 
through the crust is equally likely. 

_» Until criteria to choose between mantle 
-heterogeneity contamination or complete 
` resetting of the Pb isotopes are found, or 
an independent age constraint is available 
on Kambalda, the uncertainty in the inter- 
pretation of the Sm-Nd age will remain. 
Resolution of the problem may have 








important implications either for the 
degree of heterogeneity and depletion of 
the Archaean mantle of the extent of con- 
tamination of komatiitic lavas. The latter 
may necessitate reinterpretation of the 
constraints komatiite lavas place on the 
chemistry of the Archaean mantle. a 


M.J. Bickle is in the Departent of Earth 
Sciences, University. of Cambridge, Downing 
Street, Cambridge CB2 3EQ, UK. 

















from Peter D. Moore 


-. CONSIDERING their importance to plants, it 
© cis. surprising that we do not know more 
“about leaves. What, for example, deter- 
mines leaf size and what is the adaptive 
gnificance of size and longevity in leaves? 
Presumably the evolution of the evergreen 
— habit conveys certain advantages upon a 
“plant under given environmental con- 
ditions. What they may be is the question 
raised by three new studies! 

It has long been recognized that there isa 
relationship between leaf form and 
climate but the causes underlying the 
relationship have proved elusive. 
-Parkhurst and Loucks’ constructed a 

»model of optimal leaf size on the 
assumption that the optimum under given 
conditions is-that which provides the 
l aximum. efficiency of water use, that is 
the maximum uptake of CO, per unit of 

‘water lost. Thus, large leaves should be 
favoured only under warm conditions with 
low light intensity. They tested their model, 
which accounted for seven independent 








~ variables, and found it to match well with 


observed. data. It has subsequently been 
shown to operate in a variety of situations 
including the Galapagos Islands, where 
© there is a positive relationship between the 
“average leaf size of a plant community and 
rainfall, and where leaves in the herbaceous 
layer of a structured community are larger 
when the canopy layer is denser®. 

_ > Although leaf size has been shown to 
~. follow certain rules, at least on a large scale 
consideration, leaf longevity has proved 
less amenable to explanation. Hamann 
found it difficult to explain the distribution 
pattern of evergreen species on the 
Galapagos. Islands; no advantages over 
their deciduous counterparts were im- 
mediately apparent, though evergreens 
appear to be more frequent in sites with 
more prolonged drought’. 

Explanations of the advantages of the 
evergreen habit have tended to fall into two 
camps. The main advantage is claimed to 
be energetic, the evergreen leaf being 
capable of taking advantage of short 
periods of suitable conditions within a 
- generaliy unfavourable period of, for 
“example, cold or drought. The alternative 
explanation. proposes that long-lived 











Why be an evergreen? 


evergreen leaves act as storage systems for 
nutrients in short supply, such as nitrogen, 
phosphorus and potassium’, and that it is 
therefore of selective advantage to be an 
evergreen in low nutrient environments 
such as bogs and heathland. 

In their recent review of the energetic 
advantages of evergreens in winter con- 
ditions, Larcher and Bauer’ comment on 
the scarcity of data. In general they feel 
that winter photosynthesis may be 
significant in Mediterranean and oceanic 
areas but it unlikely to be of importance in 
regions with severe winters. Robertson and 
Woolhouse! have now shown that a 
herbaceous species, the cotton sedge 
Eriphorum vaginatum, a major dominant 
species on the upland areas of northern and 
central Europe, retains some leaves 
through the winter which are capable of 
activity very early in the growing season. 
These leaves can be operating at up to half- 
maximal rates before the new season’s crop 
of leaves has been produced, and they 
continue to photosynthesize throughout 
the growing season. Interestingly, how- 
ever, the leaves of E. vaginatum also act as 
reservoirs for elements such as phosphorus 
and potassium’, so a combination of 
advantages could be involved here. 

These observations apply to oceanic 





environments but some comparable 

have emerged from a distinctly continent 
environment in Utah in the United State: 
Nowak and Caldwell? monitored th 
photosynthetic rates of two introduce 
grasses, Agropyron desertorum and’ A 
spicatum, during winter when the soil: 
permanently frozen and snow cover” 
intermittent. Many leaves of these grasses 
survive the winter and show a positiv 
carbon gain during those periods when 
they are not covered with snow. Suc 
observations provide fuel for the energeti 
advantages of evergreen leaves. 

At the other end of the climate spectru 
are the forests of north-east India, Shu 
and Ramakrishnan find that the majo: 
of early successional trees are of evergr 
habit, but that the leaves are: gener: 
short-lived (usually less that 200. days 
whereas late successional species, have. 
deciduous habit and their leaves may la 
300 days. In that case, evergreen hab 
could be of advantage in providing. fas 
growth, especially when combined. with | 
rapid leaf turnover, enabling new leaves to 
be produced in the most appropriate: 
positions to take advantage of the light. 

The impression gained from these varie 
studies in a range of climatic regimes is tha’ 
there is no simple, genera! reason. why th 
evergreen habit can be of selective ad 
vantage. Both nutrient conservation an 
energetic opportunism may give a plant 
necessary competitive edge when facing 
unfavourable period. It clearly pays so 
plants to keep their leaves. : 
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100 year ago 
PRONUNCIATION OF CHINESE NAMES 
SoMEwHaT after date, I beg to return to the 
subject of Anglo- and Franco-Chinese 
orthography, referred to in in NATURE vol. xxx. 
p. 592. In a short paper of mine published in the 
Proceedings of the Royal Geographical Society, 


vol. xxii, No. 6, 1877, I alluded to the 
desirability of a uniform or fixed “Roman 
equivalent” for Chinese characters standing for 
names of place, &c. To my mind the Italian 
vowels, &c. come nearest to the sounds of the 
Chinese characters. Tung-King, meaning 
“Eastern Capital,” is the usually accepted form 
of Tonquin, or Ton-Kin, the terminal g being 





but slightly sounded. Shang-hai, the. “Uppe 
Sea,” or the place “of going up to the sea,”’ 
should be pronounced with the g, and is 
spoken (Shanghai) by English and American 
authorities. Dr. Wells Williams has, I believe, in 
manuscript a standard Chinese Gazetter of the 
world, in which all proper names likely to be 
used in telegraphy, newpapers, &c., are 
smoothly transliterated into Chinese characters. 
For translation from Chinese it is very necessary 
to adopt some such plan as Dr. Hunter has sug- 
gested for Indian names. Although his plari has 
come too late into the field to induce people to 
spell Calcutta as Kolkata, this is hardly. the case 
as yet with Chinese names. The old native names 
of places should always be literally preserved: 
How much more beautiful is the old: Franco- 
Indian name Stadaconda than Quebec for the 
scene of death of Wolfe! I should be glad to co» 
operate or correspond with any interested in this 
matter, so prominent and important at the : 
present juncture. 

From Nature 31, 173, 25 December 1884. 




























































N uclear physics 


-From Shigeru Kubono 


A NEW generation of heavy-ion accel- 
erators is opening up fresh fields of 
“research in the natural sciences — includ- 
ing astrophysics, solid state physics, med- 
¿icine and geology — as well as finding more 
conventional application in nuclear 
physics. One of their biggest successes so 
far has been the production of new el- 
ements, heavier than ever seen before in 
nuclear reactions. An element of atomic 
number (Z)=108 has recently been 
ynthesized at GSI Darmstadt in West 
Germany following the discovery of 
= 106 and Z= 109 elements, and experi- 
‘ments have been planned to search for el- 
“ements of Z= 110 and heavier. These and 
“other new findings in nuclear physics, 
along with applications of heavy-ion 
beams in other areas, were the theme of a 
‘O-part symposium* held in Japan. 
Since the Second World War, light-ion 
and electron beams have been used extens- 
ly to investigate nuclear structure and 
eaction mechanisms. Heavy-ion beams, 
with energies up to 10 MeV per nucleon, 
made their appearance in the 1960s. Several 
new generation machines, now with energ- 
ies of ten to a few hundred MeV per 
ucleon, have already been completed — 
neipally at Michigan State University, 
en in France (GANIL), and Darmstadt 
GSI) — and several more are on their way, 
Including RIKEN in Japan and at Lanzhou 
‘in China. 

: The new heavy-ion beams have a wide 
‘range of application in the natural sciences. 
‘They are highly effective in cancer radio- 
therapy, as shown in a recent joint US- 
¿Japan cooperative research project (K. 
‘Sakamoto, Tohoku University). The main 
advantages of such beams over other par- 
ticle beams are the higher efficiency with 
which they kill cells, the independence of 
their cell-killing from the stage of the 
cell-cycle and their selectivity for killing 
‘tumour cells rather than normal cells. So 
far, only the Lawrence Berkeley Labor- 
“atory has radiotherapy facilities; experi- 
‘ments with carbon, neon and silicon ions 
have been tried. 

Transfer of energy from heavy ions 
_talises a variety of effects at solid surfaces 
nd- interfaces. These are the basis of-a 
amber of applications that are likely to be 
of great commercial value, including the 
reduction of surface reflectivity in scint- 
illators, improvement of thin film adhesion 
and the establishment of electrical con- 





The 1984 INS-ROKEN International Symposium on Heavy 
Jen, Physics was held in two parts: ‘New Scope of Heavy Jon 
~ Sejence’, Tokyo, 24-25 August, 1984, and ‘Heavy lon Nuclear 
Physics’, Mt Fuji, 27-31 August, 1984. The proceedings will be 
published in Supplements to the Journal of the Physical Society 
of Japan. 


Widening scope for new 
eavy-ion accelerators 


tacts, and the implantation of ions into 
semiconductors (T. Tombrello, California 
Institute of Technology). 

Heavy-ion beams can also be used in 
mass spectrometry, allowing detection of 
isotope ratios as small as 107'*. In addition 
to various archaeological applications, this 
will make it possible to use neutrino 
detectors such as 7!Ge or ST] rather than 
conventionally used *"Cl. These detectors 
would provide a good sensitivity for 
neutrinos from the earliest stage of the 
pp chain in stellar evolution. 

Several quite new problems in nuclear 
physics can also be tackled with the aid of 
the new accelerators. One proposal (E. 
Adelberger, University of Washington, 
Seattle) is to look for charge symmetry 
breakdown in the very high excitation 
energy region of nuclei by comparing heavy 
ion- and light ion-induced reactions. Adel- 
berger also suggests a search for break- 
down of the time-reversal symmetry by 
using the elastic scattering of polarized 
neutrons from certain heavy nuclei. Other 
important topics that can now be tackled 
experimentally are the production of high- 
density nuclear matter in relativistic heavy- 
ion scattering (S. Nagamiya, University of 
Tokyo) and the important role that may be 
played by very neutron-rich nuclei in the 
early stage of the Universe (K. Sato, 
Univesity of Tokyo). 

Quantum electrodynamics has been 
tested by looking at the decay of the 
vacuum by the spontaneous positron 
emission in the supercritical fields of a 
giant nuclear system of high atomic num- 
ber. In the presence of the very strong 
electric fields produced by such systems the 
vacuum is predicted to decay by positron 
emission. Such a phenomenon has been 
observed experimentally at GSI and the 
result shown to be compatible with theory 
(B. Miller, J. Goethe University, Frank- 
furt). The phenomenon appears to follow 
the production of a giant nuclear system of 
Z= 173-188. 

Conventional nuclear physics has also 
received a boost from the new heavy-ion 
accelerators. In addition to the discovery 
of the Z= 108 element and plans for the 
search for even heavier elements and nuclei 
that are far off the stability line on the 
nuclear chart (G. Miinzerberg and O. 
Klepper, GSD, giant resonances — part- 
icularly high energy octuple resonances — 
have been shown to be better excited by 
heavy ions (D. Youngblood, Texas A. & 
M. University). Some remarkable new 
detectors were also described. One is a 
‘crystal ball’ that covers almost. all the 
space around the target where the nuclear 








crystal. Studies of very high spin states and 
structure have made tremendous progress... 
with the help of such a detector (J. Garrett, 
Niels Bohr Institute), as have studies of the ~~ 
decay property of giant resonances (J... 
Beene, ORNL, USA) and of quasi. 
molecular resonances (V. Metag, 
University of Giessen, FRG). 

Quasi-molecular states seem to have 
gained recognition as one of the general 
features of nuclei. A rotational band based 
on the quasi-molecular configuration now 
seems quite likely to exist below the thres- 
hold energy (S. Kubono, University of 
Tokyo) and even in very heavy nuclei 
(M. Gai, Yale University). A new reaction 
mechanism has been proposed in which fis- 
sion does not go through compound 
nucleus formation; this process becomes 
more prominent as the incident energy of 
the heavy-ion beam increases (B. B. Back, 
Argonne National Laboratory), A time- 
dependent Hartree-Fock calculation for 
heavy-ion scattering has been used to 
predict that two colliding nuclei with low 
angular momenta will not fuse under some 
conditions. Possible evidence of such alow 
angular momentum cut-off has been meas- 
ured (T. Nomura, RIKEN), 

One of the most controversial subjects 
discussed at the symposia concerned ab- 
solute fusion cross-sections below the 
Coulomb barrier — a subject related to the 
proton-proton chain in stellar evolution 
(T. Kajino, Tokyo Metropolitan Univer- 
sity). According to some reports, a contrib- 
ution from quasi-elastic scattering pro- 
cesses is very important in reproducing the 
absolute values (T. Tamura, University of 
Texas; C. Signorini, Padova; N. Taki- 
gawa, Tohoku University); but an alter- 
native explanation involves a process of 
neck formation (A. Iwamoto, JAERI). 

As the incident energy increases, the 
reaction mechanism of heavy-ion scat- 
tering seems to evolve dramatically (C. 
Détraz, GANIL; R. G. Stokstad, Law- 
rence Berkeley Laboratory). The cross- 
sections of fusion reactions decrease in a 
systematic manner (S. M. Lee, University 
of Tsukuba; S. Harar, SACLAY) and new 
reaction mechanisms, such as break-up/ 
fusion and fragmentation processes (H. 
Utsunomiya, Michigan State University; 
D. Gross, HMI; E. Rehm, Argonne Nat- 
ional Laboratory), and a pre-equilibrium 
process (C. K. Gelbke, Michigan State 
University), start to play an important role.’ 
Another interesting subject in nucleus- 
nucleus scattering at an intermediate 
incident energy is the absolute cross- 
sections for pion production near the 
absolute threshold energy. The existing 
theories underestimate the n° production 
cross-sections by more than an order of 
magnitude. Why they do so remains an 
open question. 


Shigeru Kubono is at the Institute for Nuclear 
Study, University of Tokyo, Tanashi, Tokya; ;; 
188 Japan. 








: Epstein-Barr virus and carcinoma 





SiR — A News and Views article by 
_ Rickinson'! raises very important questions 
on the biology of Epstein-Barr virus 
(EBV). Since our report? that EBV 
genomes are regularly present in the 
epithelial cells of nasopharyngeal carcin- 
oma (NPC), the discrepancy between in 
-vitro experiments that failed to detect EBV 
receptors and the in vivo findings has 
been an important point of discussion. 
“Rickinson discusses experiments by Sixby 
-etal.* on the detection of EBV genomes in 
exfoliated epithelial cells from throat 
washings and the finding that EBV can 
infect epithelial cells only if the virus is 
derived from throat washings, and not 
from tissue culture. 

The data are interesting but not neces- 
sarily convincing. Sixby ef al. have no 
evidence that the EBV-containing cells 
-really originate from the throat, and their 
_ demonstration of the infection of epithelial 
ells'involves an undefined system: throat 
washings contain a wide variety of com- 
ponents, including viruses of different 
kinds. Thus one must question their 
conclusion that mutants of EBV which are 
infectious to epithelial cells regularly exist 
or evolve. This would imply a very efficient 
and directed mutation of isolates of EBV 
obtained by collecting cell lines established 
from umbilical cord blood lymphocytes by 
immortalization with EBV from throat 
ashings. The observation by Sixby may 
confirm the findings of Kehlifa and 
es", who were able to infect non- 
natural target cells of EBV (EBV receptor- 
free cells) by preinfection or simultaneous 
infection with Sendai viruses. The samples 
used by Sixby ef al. may have contained 
< -pseudotypes of EBV particles and other 
~~ viruses infectious for epithelial cells®. 

Our ‘recent data, published too late for 
Rickinson to have been aware of, suggests 
an alternative interpretation of Sixby’s 

. data. We have found that EBV can 
. replicate in the parotid gland of patients 
lacking antibodies to major EBV-related 
early antigens. This site of replication 
> allows lifelong production of EBV without 
-effective stimulation of the humoral anti- 
> body response because the EBV-producing 
< "čells are in the lumen of the salivary duct 
-< and not in contact with the bloodstream. 
Perhaps these cells are shed with the saliva 
and are then ‘detected in the throat. The 
virus released may in fact be responsible for 
a constant supply by new infection of 
peripheral B lymphocytes with EBV gen- 
omes. Rickinson:also mentions the prod- 
< action by Yiwan ef al. of an EBV- 
<= producing cell line after fusion of Tupaia 
cells with lymphoblastoid cells®. This may 
bea model for the establishment of persis- 
¿tent low level lytic cycles of EBV in specific 
ells unable to suppress EBV replication in 
way peripheral lymphocytes from con- 
“valescents seemingly do. 
Besides lytic infection, EBV is 
_characterized. by its ability to undergo 





















































latency. It has long been known that in 
Burkitt’s lymphoma and NPC biopsies, 
virus particles are only synthesized after 
one or two days of in vitro cultivation. As 
virus replication invariably leads to the 
lysis of the host cells, latency is a condition 
for a potential DNA tumour virus. In the 
case of NPC, the tumour cells are 
epithelial. The EBV genomes may enter 
these cells by mechanisms discussed above. 
However, mixed infections are very likely 
to kill the target cells. In addition, cells that 
can be infected by this mechanism should 
be located at the outer layers of the body 
and are therefore likely to be cells that have 
completed differentiation and are unable 
to live much longer. Aspirates of cells from 
the mucosa may contain such cells which 
may contain viral genomes but will even so 
undergo lysis’. 

This does not mean that any transfer of 
EBV genomes to epithelial cells is an irre- 
versible event leading invariably to the 
development of NPC. Nevertheless, the 
partial activation of EBV genes in 
lymphocytes harbouring otherwise latent 
EBV genomes and the consequent transfer 
of EBV genomes via EBV-mediated cell 
fusion to EBV receptor-negative epithelial 
cells? would be a simple explanation for 
the presence of EBV genomes in submu- 
cosal epithelial cells. This mechanism 
would also offer a mechanistic explanation 
for the postulated activity of environ- 
mental agents as risk factors for the devel- 
opment of NPC. 

HANS WOLF 
Max Von Petternkofer Institut 

der Ludwig-Maximilians-Universitat, 
Molekulare- und Tumorvirologie, 
Petternkoferstr, 9a, 

D-8000 Miinchen 2, FRG 
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Succession theory is 


too reductionist 


Sik — Bryan Finegan (Nature 312, 
109-114; 1984) is right to point out that the 
pendulum of succession theory has swung 
too far from the holist view to the 
reductionist, and his article is welcome. 
Any attempt to categorize all pioneer 
species in terms of r-selection would be 
perverse, bearing in mind that the 
heterogeneous nature of the environments 
that pioneers colonize — from open water 
through various bare rock materials (sand, 
gravel, lava) to mature soils. The ability of 
textbooks to quote successively the 
‘standard succession’, which always starts 
with lichens, and the r-selected char- 











I would like to add two points. First, 
although he sensibly allows the 
mechanisms of facilitation, tolerance and 
inhibition to interact and occur throughout 
succession, there is a real sense in which. 
facilitation is a first requirement. 

Many, if not all, primary successions 
exhibit a qualitative shift at some stage — 
from aquatic to terrestrial, nitrogen-free to 
nitrogen-sufficient, very low to adequate 
water-holding capacity. These shift 
determine whether late-successié: 
species can grow im the initial stages — o 
trees do not grow in water — and a 
achieved typically by autogenic change 
other words, facilitation is a widespread 
event in the early stages of prim 
succession because: (1) Species vary int 
ability to grow in typical primary suc- 
cession environments; and (2) the act of 
growing in such environments indu 
modification (terrestrialization, N° and 
organic matter inputs). After the shift has 
been achieved, however, other pipea 
may be much more important. 

Second, I think that it is important to 
point out that not all macronutrients are 
deficient in early primary succession. 
Because of the lack of mineral N source in 
most soils, N is almost always limiting but 
P and K are almost entirely soil-derived. K 
is always entirely inorganic in soil, and may 
increase in availability due to inputs 
(particularly in maritime environments) 
and decomposition of minerals an 
decrease due to leaching and particulate 
loss. The overall trend is typically 
downwards. P is initially wholly inorganic, 
but over time declines in absolute amount; 
due to particulate loss and to a lesser exte 
leaching, while shifting gradually to. 
organic forms. Most of the organic P cycles. 
very slowly, if at all, and the solution 
concentrations decline. 

The net result of an increase in. N: 
availability and a decrease in P and K 
supply should produce a brief period, some. 
time after the initiation of a succession 
when productivity is maximal, 
Interestingly, such a pattern is frequently. 
observed, though not usually ascribed to 
such a cause. 
















3 























































ALASTAIR FITTE] 
Department of Biology, 
University of York, 
York YOI 5DD, UK 





Disease and the elm 
decline 


Sir — I read the note by Peter Moore!:o: 
the historical decline of elms with consider- 
able interest. I pointed out elsewhere? that 
the presence of elm bark beetle (Scolytus: 
scolytus) remains in the fossil record does 
not prove that Dutch elm disease occurred; 
as the beetle may not always carry the fun- 
gal pathogen responsible for the disease 
The only effective means of testing the 
disease hypothesis is to try to grow an 






























































may ‘be found in fossil lake sediments in 
culture. Spores of other fungi from sedi- 
ents as old as the Tertiary have hitherto 
been cultured successfully?*, so viability 
_miay not be a problem. 
‘As cereal-type pollen has been shown to 
“pre-date the elm decline’-*, the real pro- 
blem of interest to palaeoecologists now is 
probably not so much why the elm declined 
but how to find corroborative evidence for 
early agriculture. I suggest that a study of 
“grass silica remains (phytoliths) could 
provide the answer. These may be washed 
-into lakes from cropped areas and become 
incorporated in the sediments. Recent 
work form the United States?" indicates 
hat the careful, detailed study of phyto- 
iths can. provide rather more palaeo- 
environmental information than was once 
upposed. Some papers on British 
phytoliths have been published?! and 
these provide a foundation from which 
research could start. Additionally, it may 
“be easier to determine phytoliths than 
‘pollen using automated methods, as the 
“number of morphological types which 
ccur is that much lower and their overall 
structures are simpler. It is always possible 
that identifiable portions of leaf cuticle, 
and not just phytoliths deriving from 
‘icles, can be found in fossil contexts and 
analysis of these might make research 
B.K. MALONEY 
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Protein antigenicity and 
protein mobility 


"SIR: — Inan article in Nature, Westhof et 
_al.'- discuss. the proposition that the anti- 
enic determinants of proteins could be- 
long to regions which show high mobility. 

- [n developing this correlation they have 
nadvertently overlooked work by our- 
elves”, Using NMR methods which detect 
relatively slow motions as well as the fast 
motions seen in crystals, we observed that 
‘the region of cytochromes caround Ile-57 
is very flexible and it is striking that the best 
_ characterized antigenic site involves amino 
ac id residues 58-62” (ref.3). 

- We go.on to state that for myoglobin and 
< lysozyme, protein flexibility in charged sur- 
ce segments is also important for anti- 
‘genicity. 


not wishing o detract from the 


work of Westhof et al., we think it right 
that attention should be drawn to this 
earlier work, since in the Oxford Enzyme 
Group we are engaged in a very detailed ex- 
amination of mobility in relation to anti- 
genicity in the cases of both cytochromes c 
and lysozyme. These studies, using both 
NMR‘ and crystallographic methods to 
analyse mobility, show that the idea that 
such a correlation exists is confirmed but 
that mobility must be considered in the 
broadest context of motions on the slow 
time scale, perhaps even down to seconds, 
as well as at <10°° s. This means, of course, 
that the antigenicity need not be due to the 
ground state conformation or its mobility 
but can be related to a conformation of 
slightly higher energy*. Such states will be 
missed unless both crystallographic and 
NMR methods are used together. 
G.R. MOORE 
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Doubts over the 
Colorado Plateau 


Sır — I was puzzled by your comment in 
a News and Views leading article! on 
calderas ‘‘Can anyone now doubt that the 
Colorado Plateau. ..is a magmatic 
structure of the same kind?” Frankly, yes! 
I am wondering if it was Dan McKenzie’s 
letter to Nature? which triggered your sug- 
gestion. If so, I think that you read some- 
thing into his discussion that he did not 
mean to be there. He was speculating on the 
possible effects of injecting very large 
amounts of magma (complete provinces) 
into or beneath the crust throughout re- 
gions such as the Colorado Plateau, in 
order to account for their uplift without 
any internal deformation. Calderas are 
related to single volcanic centres and, 
although some of them are uncomfortably 
large (from the volcanic hazard point of 
view), they are all an order of magnitude 
smaller than the sort of multicentre re- 
gional phenomena that McKenzie was con- 
sidering. Similarly, resurgent doming is a 
phenomenon of individual volcanic 
centres, rather than entire provinces. It is 
(as the name implies) a dome-like uplift, 
which may be related approximately to a 
point pressure source, as magma reoccu- 
pies the reservoir below. In contrast, the 
Colorado Plateau has risen like a lift floor, 
with essentially all the deformation around 
its margins. The Flat Tops area, in north- 
west Colorado, shows a similar style of 
uplift on a smaller scale than the plateau; 








strata are flat-lying throughout its uplift 
area but almost vertical along the. mono 
E at-its western margin. 

I think that McKenzie’s explanation of ; 
the plateau’s uplift is probably correct. The = 
region escaped the thermo-tectonic events 
which affected most of the western United 
States during the Mesozoic. At about 25°. 
Myr, it was penetrated by scattered, exp- ` 
losive, low-volume, alkaline magmatism 
which was very loosely related to kimber- 
lite. This carried up lithospheric xenoliths 
of garnet-lherzolite from depths as great as 
about 140 km (similar to South Africa), 
and seems to have originated from the top 
of the asthenosphere’. Subsequently, there 
have been large amounts of magmatism all 
around the plateau but virtually none upon 
it. The surrounding magmatism is com- 
positionally essentially the same as that 
which characterizes ocean islands, except 
for local input from crustal fusion in areas 
of intense volcanic activity. If such liquids 
come ultimately from the asthenosphere 
(as must clearly be the case in ocean 
basins), then the existence and nature of 
asthenosphere beneath the plateau 
becomes the vital question. It appears. to be 
both present at >140 km, and seismically 
normal**, Thence, following the 
McKenzie model, one deduces that abund- 
ant magmas have left the asthenosphere 


- beneath the plateau during the late Tertiary 


but none has reached the surface. The only 
point of McKenzie’s analysis that I doubt 
concerns heat flow. This seems rather too 
low on the plateau to accommodate the 
massive amounts of geologically-recent 
intra-crustal and Moho-depth magmatism 
he envisages. Perhaps the uprising liquids | 
consolidated deeper, within the sub=“. 
Plateau lithospheric mantle. Here they 
would ultimately become an episode of 
“mantle metasomatism’’, of the type (one 
of the types) that Hawkesworth and his 
colleagues study é. 

R.N. THOMPSON 
Department of Geology, 
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Mouse Igx sequence elements in 
Drosophila (erratum) 
A letter under the above title from 


P. A. Tsonis appeared in Scientific 
Correspondence in the 22 November 
issue (Nature 312, 314; 1984) with the 
author'’sname omitted. o 
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Interstellar scattering in the 
inner parts of the Galaxy 





_ A new survey of the galactic plane for sources with size less than 1 arcs at 327 MHz shows that towards the inner p 
of the galaxy for galactic latitudes less than 5°, interstellar scattering is much larger than expected from data at higher 
latitudes. The enhanced scattering varies both with galactic latitude and longitude. A two-component model for 
_ distribution of scattering matter in the Galaxy is proposed to interpret the observations. 











-THE properties of the ionized component of the interstellar 
_ medium can be inferred from their effects on radio waves propa- 
a ating through the medium. Scattering of radio waves by density 
nhomogeneities in the interstellar medium produces a number 
observable effects, such as angular broadening of extragalactic 
“sources, interstellar scintillation and temporal broadening of 
pulsar signals. Radio observations of pulsars have provided 
information on the properties of the local ionized interstellar 
medium. However, pulsars are not very effective probes for 
studying the large-scale properties of the interstellar medium 
because they have relatively low intrinsic luminosities; the esti- 
; mated distance to the more distant pulsars may not be reliable. 
Although angular broadening of extragalactic radio sources does 
.. hot have these limitations, the magnitude of this effect is so 
“small (<1 arcs) that it has only been studied by interplanetary 
illation (IPS) and very long baseline interferometry (VLBI). 
¢ wavelengths, IPS is very useful for detecting and 
mating the angular sizes of compact components in radio 
ces as all that is required is a large collecting area’, 
©.. The simplicity of the IPS technique compared with VLBI 
» makes it suitable for studies covering a large number of sources; 
however, the only existing survey’ is restricted to the northern 
“sky and hence provides no information on the scattering strength 
inthe inner parts of the Galaxy. Therefore, we have used the 
_ Ooty Radio Telescope (ORT)’, which extends south to a declina- 
tion limit of ~35°, to perform at 327 MHz a new IPS survey, 
which includes the galactic centre. We find that interstellar 
scattering (ISS) is larger in the inner parts of our Galaxy and 
¿infer the variation of scattering strength with distance from the 
-i galactic centre. 














_ Observations 

o We have studied two regions of the sky defined by 

(A) lb|<10° and ~—35°<6<0°(-10°<1< 35°) 
(B) [b|<10° and 5°<8<30°(170°<1<210°) 


where ô= declination, b= galactic latitude and / = galactic 
longitude. Catalogues of extragalactic radio sources at low galac- 
tic latitudes are confused by strong galactic sources; we have 
made, therefore, an unbiased IPS survey of all scintillating 
“sources in regions A and B whether or not they are catalogued. 
- We made drift observations when these regions were 10-25° 
: from the Sun. With the 12-beam system of the ORT, we could 
_. observe a field of 36 sec 6 arc min in declination; each part of 
~ the sky was in our beam for 8 min. Scintillating sources were 
detected from analogue records by their characteristic rapid 
nations..In-addition, the mean and root mean square (r.m.s.) 
the recorded data were plotted and examined for scintillating 
"sources appearing as regions of enhanced r.m:s.. By requiring 
that the variation of the r.m.s. of any genuine scintillating source 
should have the characteristic east-west and north-south beam- 
















































shape of the ORT, we discriminate against terrestrial and si 
interference and also confusion from the enhanced backgroun 
temperature in the galactic plane. An IPS survey of the typ 
described here is free from such confusion because the strong 
galactic sources are extended and therefore do not scintillate; 
pulsars are the only galactic sources that would be detected: 
Power spectral analysis of the recorded data enables usto 
identify pulsars with visible pulses at 327 MHz, but short perio 
heavily scattered pulsars may exist, appearing as continuu 
sources, We repeated our observations on all regions that showe 
possible IPS. 
Catalogues of small. diameter radio sources in galactié centr 
region A have been made at 408 MHz for |b| <3° (ref. 4) 
|b| > 3° (ref. 5) at a sensitivity of about 0.7 Jy. All the source: 
for which we have reliable IPS detection could be identi 
with sources in these catalogues. However, it is possible ‘th: 
some genuine compact sources have been missed because 
interference and telescope failures. To minimize this, we ma 
IPS observations of all sources catalogued in ref. 4 and all thos 
with total flux at 408 MHz> 0.8 Jy catalogued in ref. 5..We 
observed each source for 5-8 min at the optimal distance from 
the Sun to determine whether or not it showed IPS. However, 
we did not survey known sources in the anticentre region. 
Sources with compact. components were observed sub- 
sequently for 15 min each on 5-10 different days at different 
angular distances from the Sun. The equivalent half-power 
gaussian diameters were determined. from the width of the power 
spectra of the intensity fluctuations, as measured by the second 
moment of the power spectra®. The required estimation of the 
interplanetary medium scattering parameters was made fr 
repeated observations of the flat spectrum source 1148-001, 
whose angular size at 408 MHz is less than 0.015 ares (ref. 7). 
A mean solar wind velocity of 400 km s7' has been assumed, 
For high galactic latitudes and IPS observations near the Sun, 
the system temperature of the ORT is about 300 K; with a 
collecting area of 8,000 m° and bandwidth of 4 MHz we. can 
detect a source with scintillating flux (AS) around 60 mJy in 
5 min. The system temperature of the ORT does not increase 
by more than 4 dB, apart from a 2° x 2° region around the galactic 
centre, when the antenna is pointed at the galactic plane. In.the 
anticentre direction the increase in system temperature is negli 
gible except in the neighbourhood of the Crab Nebula. To have 
a uniform sensitivity limit for our entire survey, we have included 
only those sources which have AS = 0.2 Jy. This conservative 
limit allows us to be confident that our survey is complete to 
this level of flux in region A. The survey of region B is incom- 
plete; in the limited time available we concentrated on low- ; 
latitude regions. 
Although our survey has a uniform sensitivity limit of AS = 
0.2 Jy, the sensitivity limit for the flux in the scintillating com- 
ponent (S,), varies both with the ecliptic latitude and the angular 
diameter of the source. At 327 MHz, for angular distanci 
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eater than 10°, AS of a point source decreases as the angular 
stance between the Sun and the source increases. As the Sun 
er comes close to sources at high ecliptic latitudes, the 
snsitivity of the IPS technique decreases with ecliptic latitude. 
ne maximum absolute value of the ecliptic latitudes of the 
veyed regions is about 25°, so that over the surveyed regions 
ẹ sensitivity to point sources falls at most by 2.5 (ref. 6). 
r, because of diameter blurring’, the sensitivity of the IPS 
technique | decreases as the angular size of the source increases 
ndis too low, at 327 MHz, to be useful for sources with diameter 
greater than about 0.5 arcs unless the source has a large flux 


The boundaries of regions A and B and the detected positions 
of the scintillating sources are shown in Fig. 1. There is a striking 
ference in the distribution of scintillating sources in the two 
regions. In the galactic anticentre direction we detected scintil- 
lating sources even at b= 0°, but in the galactic centre region 
we did not detect any scintillating source of |b| < 1.5°. We divided 
the latitude range of the regions surveyed into three equal zones, 
ch of width 3.3° (Table 1). Although the number of catalogued 
sources in the lowest latitude zone in region A was about 60% 
smaller than in the higher latitude zones because of effects of 
: confusion in the Clark and Crawford* survey, the number of 
scintillating sources in this zone is six times smaller. In contrast, 
in the anticentre direction, we detected three times more scintil- 
lating sources in the lowest latitude zone even though the survey 





able 1 Break-up of the number of sources at different galactic latitudes 





Number of compact 


sources detected Number of 
Galactic catalogued sources 
PREDS centre Anticentre studied 
-Latitude range region A region B* Region A Region B 
<]bj= 393 § i7 97 ND 
: ul 146 ND 
7 141 ND 







surveyed areas at different latitudes not equal. ND, not done. 





Fig. 1 Regions of the sky (A and B) covered by our survey and 

the scintillating sources detected (filled circles). Sources observed 

but not scintillating (open circles). The path of the Sun and variation 
in the sensitivity of the survey are also shown. 


was over a smaller area of the sky and is not complete. As the 
sensitivity of our survey does not depend on galactic latitude, 
the observed deficiency of sources at low latitudes in region A 
is a real effect which must be explained. 

We next plotted the dependence of the diameter of the scintil- 
lating component on galactic latitude for four galactic longitude 
ranges (Fig. 2). As the number of sources at low latitudes is 
small, we included four sources which were scintillating, but 
did not satisfy the criteria set for inclusion in our survey. Two 
of the sources (1740 — 261 and 1855 —016) have scintillating flux. 
marginally less than the survey limit of 0.2 Jy, whereas the other. 
two (1903+015 and 1915+062) were north of the northern 
boundary of our survey. In the longitude range 30°> 1 > —10° 
where the deficiency of scintillating sources for |b| < 3.3° is most ` 
pronounced, all six detected scintillating sources in this latitude 
range have angular diameters larger than 0.4 arcs. As the sensi- ` 
tivity of the IPS technique for sources in this diameter range is 
less than that for point sources, this argues strongly against the ` 
observed deficit of sources at |b| <3° being an artefact caused 
by the lower sensitivity of our survey in the galactic plane. The 
observed large values of the angular sizes of the scintillating 
sources at low latitudes (Fig. 2a, b) are probably the effects of 
ISS broadening in these longitude ranges, the deficiency of 
scintillating sources being a consequence of this broadening. 
The absence of scintillating sources with |b] < 1.5° requires that. 
the ISS angle at these latitudes is >1 arcs, consistent with 
previous observations®, at 408 MHz and low galactic latitudes,’ 
of enhanced scattering along lines of sight passing through the.: 
inner Galaxy. z 

In the presence of ISS broadening, the observed brightness 
distribution of a source is the convolution of the true distribution 
with the point spread function due to the ISM. From our 
observations alone, we are unable to determine the ISS angle 
for each source as we do not know the intrinsic sizes of the 
detected scintillating sources. In principle, one could determine 
the ISS angle if one had made IPS observations at two frequen- 
cies, as the scattering angle increases roughly as the square of 
the wavelength whereas.the intrinsic size of the sources changes 
more slowly, However, as the intrinsic sizes of the scintillating 
sources at 327 MHz are likely to be between 0 and 1 arcs ( Fig. 
2d), the lower envelope of the points in Fig. 2a and b is a 
statistical measure of the ISS angle in these longitude ranges. 
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Fig.2 Dependence of the diameters of the observed scintillating 
sources on galactic latitude for four longitude ranges. Diameters 
are rounded to the nearest 0.05 arc s, with an r.m.s. error of about 
0.05 arc s. Crosses, scintillating sources included even though they 
did not satisfy the selection criteria {see text). Lines marked A-D 
othe predicted scattering of the models discussed in the text. There 
: fewer points ‘ince th a-d- because most of the sky in this 


e range is outside the boundaries of the survey. 


: Where scintillating. sources. are. systematically. absent, the 
apparent angular sizes of sources are larger than | arcs. The 
lower envelope of the points in Fig. 2a and b increases as |b| 
-` decreases. The magnitude of ISS. broadening varies with both 
galactic latitude and longitude and its variation with galactic 
Jatitude is faster than (sin Jb) * (line D in Fig. 2). This rules 
out models of the ISM in which the scattering strength is 
idependent of the galactic radius and the distribution perpen- 
dicular to the galactic plane is either uniform or exponential. 


Two-component model for scattering 


rom an analysis of the 80 MHz Cambridge IPS survey supple- 
mented with observations at 151 MHz, it has been concluded 
that scattering material in the ISM has scale height perpendicular 
to the galactic plane between 400 and 700 pc (ref. 9). At80 MHz, 
for |b] > 10°, the ISS angle is given by 


scalare s) = 0.12(sin |b|)! for |b] > 10° 


- (ref. 10), after correction for IPS diameters described in ref. 11. 
As this result is valid only for high galactic latitudes, itis sensitive 
to the scattering properties of the interstellar medium within 
about 2 kpc from the Sun. The properties of the local interstellar 
medium derived from this survey are in general agreement with 

those estimated from the dispersion and scattering properties 
of nearby pulsars. The variations of the ISS angle with 
wavelength depends on the shape of the „Spectrum of the 
irregularities responsible for the scattering’. For a gaussian 
spectrum the ISS angle increases as (wavelength)? whereas for 
¿ṣa Kolmogorov spectrum it is related to (wavelength)**. The 


extrapolation of the 80 MHz result to |b] < 10° after scaling to 
327 MHz as (wavelength)? giving the largest value forthe scatte 
ing angle is shown in Fig: 2, line D. At very low galactic latit 

the ISS angle could be less than this line because of the fi 


scattering angle is less than or comparable with the resolutio: 
limit of the IPS technique at 327 MHz (0.05 arc s), and so 
survey should not see this scattering. This is consistent with ou 
observations in the galactic anticentre direction, where we se 
no deficiency of scintillation sources at low galactic latitude 
within the uncertainty of the measurements there is no obvi 
lower envelope to the observed angular diameter significa 
larger than the resolution limit of the IPS. technique. Howeve 
in the galactic centre directions at low latitudes, the observed 
scattering is much larger than predicted. The fact that effects 
ISS are seen in our survey at 327 MHz shows that. this mod 
for scattering in our Galaxy is inadequate at low latitudes. Tc 
explain our observations we need an additional component of 
the ISM whose scattering strength is both much larger and also 
confined to the inner parts of the Galaxy. 

If the distribution of the strength of scattering in our Galaxy 
were known, the expected angular broadening for any given 
line of sight could be calculated easily. However, the inverse 
problem of determining the distribution of the scattering strength. 
from the measured angular broadening in different directions 
is not easily solved, especially i in our case where the angular 
broadéning is measured only ina few directions. To understand 
the properties. of the scattering region, we have compared ou 
observations with the angular broadening predicted by some 














of such an app 

can not be sure of the uniqueness of the derived model. 

- Forour calculations we have made the following assumptions: 

o) The wave number spectrum of the plasma density fluctu- 

“ations responsible for the scattering is a power law of the form 

CX (wavenumber) |!” so that, following ref. 12, the half-power 
scattering diameter is given by 


S 0.6 
een (are s) = 1.72% 1077(A,,) 77? [Í C(s’) as 
0 










where C3, is related to the magnitude of the density fluctuations, 
“Am the wavelength of observation in metres and s’ the distance 
ong the line of sight, measured in parsecs. 

(2) We ignore any possible clumping of the scattering material 
and assume it is homogeneously distributed in the ISM. 

3) The Galaxy has cylindrical symmetry about the galactic 
centre and reflection symmetry about the galactic plane. Thus 
Ci, is only a function of r, the distance from the galactic centre, 
and |z|, the height above the galactic plane. We assume that C} 
varies exponentially with z with a scale height zę that is 
dependent of r. Thus Cx, can be expressed as 


CH(r, z) = Cr) exp (—|2|/ zo) 


For C 2(r) we have assumed three simple models (Table 2). 
) The Sun is located at z =0 and r= 10 kpc. 
} All the scintillating sources we have seen are extragalactic. 
< For each of these models, and for a range of rọ and Zo, we 
omputed the scattering angle for lines of sight in different 
lirections. We fixed Cj by requiring that all models give | arcs 
cattering at |= 2°, b = 2°, close to the observed parameters of 
~ 261, the scintillating source whose line of sight is most 
close to the galactic centre. The effect of changing the normaliz- 
on is to slide the model curves vertically in the plots. The 
dness of fit was judged by comparing the predicted scattering 
es with the lower envelope of the points in Fig. 2. Models 
th zy ~ 500 pc are unable to reproduce the observed variation 
of scattering angle with galactic latitude and longitude. ee 
plain the sharp decrease of the ISS angle from 1 arc s at |b| ~ 
8.1 arcs at |b| ~ 5° in Fig. 2a, these models require the dE 
of enhanced scattering to be confined to within 3 kpc of the 
galactic centre; thus, they cannot explain the enhanced scatter- 
ng seen at longitudes as large as 35°. To explain both these 
observations, we must decrease zy. Because of the uncertainty 
n the scattering angle for |b| < 1.5°, where no scintillating sour- 
s were seen, we could not uniquely determine z) and ro, even 
forthe simple models we have considered. However, as most 
of the acceptable models had z, of 50-100 pc, we have assumed 
Z9= 75 pe and determined rọ (Table 2). The predicted variation 
f the scattering angle with latitude is shown in Fig. 2a-c, lines 
C. (The scattering predicted by the models is outside the 
ange of Fig, 2d, hence there are no lines here.) 
The constant scattering model is unable to reproduce the 
observed decrease in the scattering angle with galactic longitude. 
From our data alone we are unable to distinguish between the 
inearly-decreasing and the exponential models. The exponential 
odel produces more scattering along the line to the galactic 
entre, but even this is less than half the observed scattering 
ingle scaled to 327 MHz (ref. 13). If, ignoring the radial decrease 
in the scattering strength, we assume that material up to two 








Table 2 Models for Ci(r). and estimated parameters for Z9=75 pe 
Functional form Càl(m ~) ro(kpe) 
CRL= Cif r< r 24 7 
=Oifr> ro 
2 (r}= C2 ry ro) 
ifr<ry 8.3 7 
=0ifr> r 
Exponential cAr) = Ch exp (-r/r) 56.7 1 








is that we scale heights in z (13. ontr pattering, 





the absence of any estimate of the scattering angle for Jb] <2 
implies that our observations are sensitive only to:material within 
4kpc of the Sun. Thus, our data shows that the strength of 
scattering must decrease with r for r> 6 kpe. Measurements of 
the scattering angle close to |b| = 0° would elucidate the scatter- 
ing strength closer to the galactic centre. 











































Discussion 


The scattering strength of the second component of the inter- 
stellar medium at low galactic latitudes is much larger than | 
previously suggested’? (C2,~ 107+ m™©*”: ref. 12). Pulse broad- 
ening and interstellar scintillation observations of pulsars whose 
distance is greater than 2 kpc show that CÌ increases with 
distance'?'*, interpreted as owing to enhanced scattering in a 
component with z)~ 100 pc'“'*. Although the earlier model’? 
predicts extremely small values for the ISS angle at cm 
wavelength, high frequency VLBI observations'®'’ have shown 
much larger scattering angles for some sources at low latitudes. 
As there are only very few such observations, however, they 
have been explained by the sources lying in directions where 
the line of sight passes through dense regions of the interstellar 
medium, such as Hil regions. VLBI observations of the galactic 
centre’? show a component whose diameter increases roughly 
as the square of the wavelength, as expected for ISS. However, 
the scattering angle is four orders of magnitude larger than 
predicted previously’, leading to the suggestion that most of 
the observed scattering takes place within a few parsecs of the 
galactic centre itself'* and not in the general interstellar medium, 
The angular sizes of hydroxyl radical maser sources is larger 
for more distant sources'’, suggesting that these sources are 
affected by general interstellar medium scattering, but that the 
magnitude of this scattering is much larger than predicted!®. 
VLBI observations at 408 MHz of a sample of 29 low-latitude 
compact sources? shows that the ISS angle for lines of sight in 
the inner Galaxy is greater than 0.3 arcs, whereas in the anti- 
centre direction it is hardly detectable. In all the above examples, 
the enhanced scattering is seen when the line of sight passes 
through the inner Galaxy close to the galactic plane, and thus 
can be explained by scattering in a component of the type 
required. Although our estimates of the scattering properties of 
this component may change with more and better observations, 
it is clear that any general model for scattering in our Galaxy 
must have at least two components. 

As the plasma density fluctuations responsible for scattering 
are probably proportional to mean density, the mean plasma 
density is considerably higher also in the region of enhanced 
scattering. Analysis of the dispersion measures of pulsars shows 
that the mean density is larger in the inner parts of our 
Galaxy”®?!. As most of the high dispersion pulsars (DM > 
200 pc cm™*) are seen through the inner Galaxy, the distance 
derived from the dispersion measures is strongly dependent on 
reliable estimates of the plasma density in this region. Pulse 
broadening caused by enhanced scattering in the inner parts of 
the Galaxy leads to an observational selection effect against 
short period pulsars which could be important in existing pulsar 
surveys and affect our understanding of the distribution of 
pulsars in our Galaxy. Searches for millisecond pulsars in the 
inner parts of our Galaxy could be limited by this pulse broaden-" 
ing even at high frequencies. 

As the presence of HI regions along t the line of sight increases - 
considerably the observed scattering”, it has been suggested 
that the enhanced scattering originates entirely from such 
regions*'*, We have assumed that the scattering material is 
uniformly spread through the interstellar medium; by estimating 
the actual scattering angle for all the detected compact sources 
and by studying the variation of ISS angle with position in the 
sky, it will be possible to test this hypothesis. The observed 
distribution of the H11 region” and radio recombination lines** 
suggest the existence of dense thermal plasma in the inner parts 
of the Galaxy with zy of 50-100 pc. It is interesting to speculate: 
whether the region of enhanced scattering is associated with” 














i lense plasma. Although in our models we have assumed 
ja scattering strength decreases monotonically with distance 
m the galactic centre, the estimated density of the thermal 
lasma shows a peak 4-6 kpc from the galactic centre. The 
redicted variation of the ISS angle with longitude for |b] < 0.5° 
afferent for these two cases, we cannot distinguish between 
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and the physical processes in the interstellar medium. 









Extension of our observations down to b= 0°, either by mak 
IPS observations at high frequencies or by other techniques, 
will improve considerably our model for Ch. This may. allow 
us to understand the relation between the density fluctuations 
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“Exposure of quiescent mouse fibroblasts to platelet-derived growth factor induces mRNA from the c-fos proto-oncogene 
within 10 min followed by synthesis of nuclear c-fos proteins. These are amongst the earliest described nuclear events that 


+ follow a mitogenic stimulus. 



















PITE an extensive knowledge of the molecular architecture 
_of the proto- oncogenes (c-onc), little is known about the func- 
“tions of their products'™*. The c-sis gene codes for a subunit of 
platelet-derived growth factor (PDGF)*° and the c-erb-B gene 
may encode the epidermal growth factor (EGF) receptor‘, sug- 
„gesting roles for these proto-oncogenes in the regulation of cell 
growth. We are studying the proto-oncogene c-fos, whose viral 
cognate, v-fos, is the transforming gene of two murine retro- 
: Viruses. that cause osteosarcomas with short latency and trans- 
form fibroblasts.in culture’"'”, The c-fos gene is conserved among 
vertebrates”? and. differentially expressed during develop- 
»ment'*, suggesting that its product is required for growth or 
differentiation of certain tissues. The c-fos-specific RNA is not 
expressed in most pre- or postnatal mouse tissues. Expression 
of a2.2-kilobase (kb) c-fos RNA has been detected, however, 
Ane. extra-embryonic tissues, adult bone marrow and 
_ monocytes*'* 
The predicted ‘product of the c fos gene differs from the v-fos 
gene. product at its carboxy terminus’. These differences do not 
“seem to be important for transformation as the c-fos gene can 
transform fibroblasts if first modified in two ways: (1) by the 
addition of a transcriptional enhancer element and (2) by the 
replacement of 3'-noncoding sequences with heterologous viral 
. sequences” . The latter modification is thought to interrupt an 
interaction between sequences in the 3’-coding and noncoding 
-sequences that may inhibit translation'*. Neither change affects 
` the coding region. Thus, rat 208F fibroblasts can be transformed 
-bya hybrid gene containing c-fos promoter and coding sequen- 
ees, linked to viral 3'-untranslated sequences containing an 
-enhancer'*. These cells (R-MMYV cells) contain a series of pro- 
teins differing in post-translational modification, that are totally 
coded by the introduced mouse c-fos sequences", Both c-fos 
v-fos proteins are nuclear’? 
-. Another proto-oncogene, c- mye (whose product is also a 
“nuclear ‘protein*®”'), is expressed transiently when fibroblast 
cultures are exposed to certain polypeptide mitogens”. We have 




















































therefore examined the expression of the resident c-fos gene in 
normal mouse fibroblasts and find that even though c-fos MRNA 
is barely detectable in quiescent, confluent cultures of NIH. 373 
or BALB/c/3T3 cells, it is rapidly induced following exposure 
to any of the mitogens PDGF, fibroblast growth factor (FGF 
or tetradecanoylphorbol-13-acetate (TPA). Expression of c-fos 
mRNA is maximal at 20 min and decreases thereafter. Synthesis 
and post-translational modification of c-fos proteins are readily 
detectable within the first.30 min of mitogen stimulation, are- 
maximal by 60 min and then decrease. The rapidity of the 
response and our detection of c-fos mRNA induction even when 

protein synthesis is inhibited, suggest that this is a primaryévent 
in the pleiotropic response to mitogens. 


Rapid induction of c-fos mRNA 


We exposed confluent cultures of NIH 3T3 cells to 0.83nM 
PDGF for 4h in the continuous presence of 35 .M_ cyclo- 
heximide, which inhibited protein synthesis by >95%. PDGF 
alone increased the content of c-fos RNA threefold, the combi- 
nation of PDGF and cycloheximide increased the c-fos RNA. 
level 10-fold and cycloheximide alone increased the level. two- 
fold. Puromycin also augmented the increase in c-fos RNA. 
This suggested that protein synthesis was unnecessary for, and” 
might even inhibit, an increase in c-fos RNA content, for” 
example, by attenuation of transcription and/or by stimulating 
c-fos RNA degradation. 

Studies on differentiation of monocytic and myelümohgeytie ; 
cells in response to TPA revealed that, in this system, c-fos gene 
transcription can be activated very rapidly”. Accordingly, we 
tested whether brief exposure of resting fibroblast cultures to. 
PDGF would induce c-fos RNA. The c-fos gene transcripts were. 
characterized by hybridization with *?P-labelled complementary 
RNA (cRNA) synthesized using SP6 phage polymerase”, fol- 
lowed by ribonuclease digestion and electrophoresis of the pro- 
tected CRNA. The cRNA probe was transcribed from a Smal 
fragment of 1,137 nucleotides encompassing the putative muring 














TATA box (W), exon (1), intron (—), SP6 phage promoter (ig) 
and vector (- - -). B, Analysis of c-fos transcripts. Total RNA from 
PDGF-treated cells was used for RNA protection experiments. 
Times of induction (min) and type of treatment are indicated. As 
a control for self-hybridization of the probe, one hybridization 
| contained 10 wg tRNA instead of cellular RNA. Fold induction is 
indicated at the bottom of the figure. a, Expected size 637 nucleo- 
tides; b, expected size 289 nucleotides. The sizes of the protected 
fragments were determined relative to denatured **P-end-labelled 
pBR322 Taq! fragments as size markers. 
Methods: 150-mm dish cultures of NIH 3T3 cells were grown in 
Dulbecco’s modified Eagle’s medium (DMEM) containing 10% 
calf serum (CS). After reaching confluence the medium was 
replaced with 20 ml of DMEM 0.5% CS for | day. Partially purified 
PDGF (0.4%, from CM-Sephadex"*; at this step of the purification, 
PDGF concentration assayed by mitogenesis equals the concentra- 
tion estimated by radioreceptor assay*°) was dissolved in 1 mM 
“acetic acid and added to a final concentration of 0.83 nM. The 
same volume of a solution of bovine serum albumin (BSA, 
1 mg ml™') dissolved in 1 mM acetic acid was added to a control 
- dish. Cycloheximide (35 uM) was added 2 min before PDGF, TPA 
(250 pg ml!) was added from a stock solution in dimethyl sul- 
phoxide (DMSO): the final DMSO concentration was 0.25%. After 
induction the cells were lysed in 4M guanidine thiocyanate and 
total RNA was isolated*®. RNA was quantitated by measuring 
A0 A 1,137-bp Smal-Smal fragment, spanning the 5’-untran- 
< «scribed region and the first exon and part of the first intron of the 
mouse c-fos gene, was cloned in the Smal site of the expression 
¿vector pRVII7Z2 (provided by Dr Angerer). To generate run-off 
transcripts, the plasmid was linearized by HindHI, which cuts just 
downstream of the inserted c-fos sequence relative to the site of 
the SP6 phage promoter in pRVIIA7Z2. cRNA run-off transcripts 
were synthesized in a reaction mixture containing 40 mM Tris-HCI 
< pH7.5, 6mM MgCl,, 10mM_ dithiothreitol (DTT), 50 U ml™! 
RNasin (Promega Biotec), 400 uM GTP, ATP and CTP, 13 uM 
a? P.UTP (650 Ci mmol™!; ICN), 1 ug linearized template and 
1,000 U mi~! SP6 phage polymerase (isolated according to Butler 
and Chamberlain*’) for 1 h at 40 °C. Total RNA (10 ug) was mixed 
with 5 ng *?P-labelled cRNA (specific activity 109 d.p.m. ug™') in 
$0 pl 0.4 M NaCl, I mM EDTA, 80% formamide, 40 mM PIPES, 
pH 6.5. The mixture was heated at 85°C for 5 min and incubated 
for 4h at 37 °C, then for 10h at 30°C. After hybridization, 300 pl 
` of RNase digestion buffer ($ mM EDTA, 300 mM NaCl, 10 mM 
‘Tris-HCI, pH 7.5) were added containing 30 ug ml~' RNase A and 
2yugml"' RNase TI and incubated for 30 min at 30°C. RNase 
digestion was stopped by adding SDS (final concentration 0.7% ) 
and proteinase K (0.15 ug ml~') and incubation was continued 
for 30min at 37°C. The samples were extracted once with 
phenol/chloroform and ethanol-precipitated with 10 pg tRNA as 
carrier and 1.0 M NH,OOCCH,, The precipitates were dissolved 
and re-precipitated with 0.5 M NH,OOCCH,. Dried pellets were 
resuspended in 5 yl formamide/dye mixture and loaded on a 5% 
sequencing gel containing 8.3M urea and 90mM Tris-borate 
= pH8.3; 2.5mM EDTA. The gel was exposed with a fluorescent 
screen for 3.5h at ~70°C. 










¢-fos gene promoter, the first exon and part of the first intron’® 
(Fig: LA). If transcription starts at the presumed 5’-cap site then 
the primary, unspliced transcripts should protect 637 nucleotides 
of the probe and the spliced mature mRNA should protect 289 
nucleotides of the cRNA from ribonuclease digestion (Fig. 1A). 
_Ribonuclease-resistant hybrids of ~289 nucleotides were formed 
ith RNA extracted from PDGF-treated NIH 373 cell cultures 
Fig. |B); this band was undetectable with RNA from untreated 
cultures. Quantification of this band indicated at least 20-fold 
induction of c-fos mRNA by 20 min exposure of cells to PDGF. 
Addition of PDGF plus cycloheximide for 60 min resulted in a 
:50-fold increase in spliced c-fos RNA relative to a ninefold 
increase with PDGF alone. By measuring the radioactivity in 
the: 289-nucleotide fragment, we estimate that after a 20-min 
xposure to PDGF, 0.0001% of NIH 3T3 cell RNA (0.005% 
RNA) is c-fos mRNA. Assuming a cellular RNA content of 
6 pg, this corresponds to about 5-10 copies of c-fos mRNA per 






















































INTRON i i 
i 


Me 

S 

a 

at 

+POGF of rx 

e OO 

< pttk 
z ws Shs ox 
io oO eto OG 
T Ro A oo 





in 


FOLD INDUCTION {B} 1: 9209 ( 7 805 


cell after 20 min of induction. Essentially identical Kinetics’ of 
induction were observed with RNA from stimulated cultures of 
BALB/c/3T3 cells. 

Protection of two other fragments was observed in the cRNA 
protection experiment (Fig. 1B). One fragment, corresponding 
in size to that expected for unspliced c-fos RNA (a), was not 
detected with RNA from either unstimulated cells or cells treated 
with PDGF for 4h. With all other samples the amounts of thé 
~637-nucleotide fragment were similar. Cycloheximide did not 
increase the amount of this fragment, suggesting that transcrip- 
tion rate was unaffected. Protection of a cRNA fragment of 
~150 nucleotides was also prominent with samples in which 
the 289-nucleotide fragment was detected (Fig. 1 B). The identity 
of the smaller fragment is unknown but it could represent 
transcription from alternate promoter sites or splicing within 
the usual first exon. Alternatively, it could be an artefact of the 
analysis, as several other bands of varying intensity were also 
observed. 


Expression of c-fos proteins 


We next looked for protein products of the c-fos gene by 
immunoprecipitation of **S-methionine-labelled cultures using 
an antiserum directed against a 26-amino acid peptide (M2 
peptide, residues 127-152 of the 380-amino acid predicted c-fos 
protein)'°?’, BALB/c/3T3 cell cultures were labelled with >°S- 
methionine for 30 min, starting at various times after addition 
of 0.67nM PDGF. Six to eight polypeptides were 
immunoprecipitable from PDGF-treated but not from control 
cultures (Fig. 2a). Some of these proteins are c-fos gene products 
and some are unrelated (Fig. 3). Exposure to PDGF for as little 
as 30 min induced labelling of these immunoprecipitated pro- 
teins with hardly any change in the overall rate of protein 
synthesis. Labelling was maximal by 60 min after addition of 
PDGF and was decreased markedly 3h after PDGF addition. 
The relative incorporation of **S-methionine into each protein 
varied with time; the apparent sizes of all the species of relative 
molecular mass (M,) between 56,000 (56K) and 72K seemed to 
increase slightly 30-60 min after PDGF addition. None of these 
proteins was immunoprecipitated using non-immune rabbit 
serum (Fig. 2a), nor if excess M2 peptide was used to block 
specific binding to M2-peptide antiserum (Fig. 4a). 

Previous analysis of R-MMV cells has shown that c-fos pro- 
teins are very heterogeneous due to post-translational modifica- 


















ig. 2. Synthesis of c-fos proteins in PDGF- 
treated 373 cells: a, Time course of c-fos protein 
synthesis; b, specificity of immunoprecipi- 
ation. o 
Methods: a, BALB/c/3T3 cell cultures were ° 
-treated with 0.67 nM pure PDGF for 0 (lanes = 
3, 4), 30 {lanes 5, 6): 90 (lanes 7,8) or 150 min 
(lanes 9, 10) before the addition of 100 pCi of 
35§-methionine. Another culture received an 
- equivalent volume of BSA in 1 mM acetic acid 
for 30 min before labelling (lanes 1,2). After a 
further 30 min of incubation, cultures. were 
washed, lysed and one-third volumes were 

nmunoprecipitated with | pg IgG equivalent 
of non-immune rabbit serum (N, lanes 1, 3, 5, 
Tand 9) or | wg affinity-purified IgG to M2 
peptide (A, lanes 2, 4, 6, 8 and 10). 
mmunoprecipitates were analysed by SDS- 
‘polyacrylamide gel electrophoresis. Proteins 
related to c-fos are marked by a closed square, 
unrelated proteins by an open circle. A band 
‘of M, 43,000, observed in all samples, is prob- 
ably actin. b, Portions of a NIH 3T3 cell lysate 
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(labelled for 30 min starting 30 min after addi- L- 
‘ton of .0.83nM pure PDGF) and a R-MMV 









“days; b, 4 days. 





tion, although there are several reasons to suspect that some of 


might be expected following PDGF treatment, whether or not 
its synthesis is induced. Second, one mRNA induced after 3-4 h 
- of exposure of BALB/c/3T3 cells to PDGF (cDNA clone pBC- 
< JB} "shares a short region of homology with c-fos”®, hence this 
_ induced. sequence has been named r-fos”*, Coincidentally, the 
_ M2 peptide encompasses the entire 12-amino acid region of 
__¢-fos/r-fos homology. Thus the antiserum to M2 peptide could 
+ potentially recognize a putative r-fos protein. (The complete 
-or-fos coding sequence has not been determined and the size of 
its protein product is unknown.) 
* To elucidate the identities of the immunoprecipitated proteins, 
n NIH 3T3 cells were labelled with *°S-methionine for 30 min, 
-starting 30 min after addition of 0.83 nM PDGF; lysates were 
_ immunoprecipitated with antiserum to M peptide (Fig. 26, lane 
_ 4) or with TBRS (Fig. 2b, lane 2). TBRS specifically precipitated 
- the 56-72K proteins recognized by M2-peptide antiserum but 
- Was less efficient at precipitating the presumed p39 proteins and 
- failed to precipitate two proteins of M, 45K and 46K (p45 and 
_ p46). These two proteins were not precipitated in appreciable 
amounts from R-MMV cells with either TBRS or M2-peptide 
-antiserum (Fig. 2b, lanes 6 and 8). Some of the proteins precipi- 
| tated with TBRS may be r-fos gene products, as in principle 
. this antiserum could recognize the region of homology between 
t-fos, c-fos and v-fos. Therefore, we tested whether excess M2 
peptide could block the precipitation by TBRS of any proteins, 





| lysate (labelled for 30 min) representing 1/20 of a 35-mm dish culture in each case, were immunoprecipitated with | ul normal rat serum 
(lanes 1,5), 1 wl TBRS (lanes 2,6), 1 p! TBRS mixed with 1 pg M2 peptide (lanes 3, 7) or 0.3 pg affinity-purified IgG to M2 peptide (lanes 
- 4,8). Proteins precipitated from PDGF-treated. NIH 3T3 cells by antiserum to M2 peptide are indicated at the right and by a closed square 
(c«fos-related proteins) or open circle (proteins not related to c-fos) adjacent to lane 4. For labelling conditions see Fig. 3 legend. Except 
where noted, confluent.35-mm dish cultures of 3T3 cells were incubated in | ml DMEM containing 1% normal methionine concentration and 
“0.5% CS for 40-48 h. Additions of PDGF (essentially homogeneous, purified through phenyl-Sepharose*’, dissolved in | mM acetic acid 
containing | mg ml”! BSA), or an equal volume of 1 mg ml~' BSA in 1 mM acetic acid, and *°S-methionine (100 Ci of ~1,000 Ci mmo!”!; 
Amersham/Searle) were made directly to the medium. Cultures were lysed after washing with cold Tris-buffered saline by adding 0.5 ml of: ` 
RIPA buffer (0.15 m NaCl, 1% Nonidet P-40, 1% sodium deoxycholate, 0.1% SDS, 2mM EDTA, 100 U mi! Trasylol, 10mM sodium 
phosphate, pH 7.0) and scraping. Lysates were clarified at 20,000g for 60 min at 4°C. IgG or antisera were added as indicated. After 1h at 
0°C, 1 mg Pansorbin (Calbiochem) was added for 1 h. Immunoprecipitates were centrifuged through a solution of 10% sucrose in RIPA, then 
washed repeatedly by centrifugation in RIPA**. Immunoprecipitations with rat antitumour serum or normal rat serum utilized goat antiserum 
 to-rat IgG added 30 min before Pansorbin. Immunoprecipitates were dissociated by incubation at 100°C for 2min in 2% SDS, 20% 
. 2-mercaptoethanol, 10% glycerol, 0.1 M Tris-HCl, pH 6.8, and one-half of each sample analysed on a SDS-polyacrylamide gel? (12.5%. 
~ acrylamide/0.10% bis-acrylamide). Gels were stained to. visualize marker 6-galactosidase, phosphorylase, BSA, ovalbumin and carbonic 
anhydrase and impregnated with diphenyloxazole (PPO)*”. Dried gels were exposed to pre-sensitized film at -70°C. Exposure times: a, 10 
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and found that it could not (Fig. 2b, lanes 3 and 7), suggesting 
that none was recognized solely through the shared peptide 
region. Furthermore, tryptic peptide analysis confirmed that all 
four immunoprecipitated proteins of M, 56-72K were 
homologous to each other and to two authentic murine c-fos- 
gene products synthesized in R-MMV cells (Fig. 3e-h). Thus 
the different sizes of the c-fos products in NIH 3T3 cells and 
R-MMYV cells presumably result from differential post-transla- 
tional modification. The M, 39K proteins precipitated from: 
PDGF-.stimulated NIH 3T3 mouse cells and from R-MMV rat: 
cells were also highly conserved (Fig. 3a, b). p45 and p46 were 
very similar and also shared some peptides with p39 (Fig. 3c; 
d); their genetic origin is unknown. 


PDGF and other mitogens 


The dependence of p56-72 “!** induction on PDGF concentra- 
tion was investigated by labelling with *°S-methionine for 
30 min, starting 30min after PDGF addition. With either 
NIH 3T3 cells (data not shown) or BALB/c/3T3 cells (Fig. 4a) 
c-fos protein synthesis was maximal at PDGF concentrations 
that saturate PDGF binding sites at 37°C (1.0nM)?"! and 
half-maximal at the concentration for half-maximal binding 
(0.3-0.5nM)**?!, These doses are greater than those required 
for stimulation of DNA synthesis (half-maximal below 0.1 nM; 
refs 32-34 and data not shown). p56-72 “°° synthesis was detect- 
able at 50% mitogenic doses of PDGF, however (Fig. 4a). The 
rate of p56-72 °% synthesis was difficult to quantify because 
of the number of species involved, but may approach 0.005% 
of total protein synthesis during the 30-min labelling period: 
Synthesis of p56-72 °°. was also stimulated by basic pituitary 
FGF (120ng m7!) or TPA (100 ug mi-'), but was increased 
only slightly by EGF (8.3 nM; Fig. 4b). Q 



































Fig.3 Tryptic peptide maps of *°S-methionine-labelled proteins immunoprecipitated from PDGF-treated cells. a, R- MMV cell p39 (1,720 c.p.m., 
4-day exposure); b, NIH 3T3 cell p39 (1,100 c.p.m., 4 days): c NIH 3T3 cell p45 (500 c.p.m., 8 days); d, NIH 3T3 cell p46 (600 c.p.m., 8 days); 
e, R-MMV cell p55% (960 c.p.m., 8 days); f, NIH 3T3 cell p60°!* (700 c.p.m., 8 days); g, NIH 3T3 cell p64°/*" (860 cp.m., 8 days); h, 
NIH 373 cell p72°* (560 c.p.m., 8 days). Peptides in common between murine p39, p45 and p46 are indicated in b, ¢ and d by closed circles 
(peptide maps of mixtures not shown). Peptides found in murine c-fos proteins are numbered 1-5 U, g, h); all of these except number. 5°". 
co-migrate with peptides found in the murine c-fos-gene product synthesized in rat R-MMV cells (e) (peptide maps of mixtures not shown). 
From the murine c-fos gene sequence’, we predict that trypsin should generate three methionine-containing peptides small enough to be 
resolved in our analysis. One is found without mutation in v-fos (residues 149-153, MAAAK), one is slightly altered (1-16, single change, S 
‘to F) and one is significantly altered in charge (residues 109-113, AGMVK to AEMVK)". Analysis of tryptic peptides from p55°"* showed 

the expected co-migrating peptide (number 1), peptides corresponding closely to peptides 3 and 4, and a new peptide more acidic than peptide 

2 (data not shown). (Compare with ref. 51; peptide maps shown in inverse orientation.) 

Methods: A confluent 35-mm dish culture of NIH 3T3 cells was incubated for 2 days in DMEM containing 1% normal methionine concentration 

and 0.5% CS, The volume was then reduced to 0.4 ml and 0.83 nM pure PDGF was added for 30 min, followed by 2 mCi *°S-methionine for 
| 30min. A 35-mm culture of R-MMV cells (clone MMV6B) was incubated for 30 h in DMEM containing 1% normal methionine concentration 
and 5% dialysed CS before the volume was reduced to 0.4 ml and | mCi **S-methionine added for 30 min. Cultures were washed, lysed and 
four-fifths of each sample immunoprecipitated with 3 wg affinity-purified IgG to M2 peptide (see Fig. 2). Analytical immunoprecipitations of 
the remainder of each lysate are shown in Fig. 2b. The polypeptides indicated (Fig. 2b) were excised from the dried gel, eluted, oxidized with - 
performic acid and digested with trypsin as described elsewhere”. Half of each digest was analysed by electrophoresis at pH 4.72 (anode at 
left, origin arrowed) and ascending TLC’. Chromatograms were dipped in molten 2-methylnapththalene containing 0.4% PPO and exposed 
to pre-sensitized film at ~70 °C. 























Fig. 4 Induction of c-fos pro- 

teins by different concentrations 

of PDGF and other mitogens. | 
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a, Dose-dependence of c-fos 
protein synthesis; b, effects of 
other mitogens on c-fos protein 
synthesis. 
Methods: a, BALB/c/3T3 cells 
were exposed to various con- 
centrations of pure PDGF, 
diluted in | mM acetic acid con- 
taining | mg mi™? BSA, for 30 
‘min before the addition of **S- 
methionine for 30 min. The final 
concentrations of PDGF were 
0. (lanes 1-3), 0.074 nM (lanes 
4-6), 0.22 nM (lanes 7-9), 0.67 
nM. (lanes 10-12) or 2.0 nM 
(lanes 13-15). Each lysate was L 
`: immunoprecipitated with non- 
-immune rabbit serum (N, lanes 1, 4, 7, 10 and 13), | pg affinity-purified IgG to M2 peptide (A, lanes 2, 5, 8, 11 and 14) or | pg IgG to M2 
peptide preincubated with 3 pg M2 peptide (B, lanes 3, 6, 9, 12 and 15). All the samples were run on the same gel and exposed for 10 days, 
“but lanes 10-12 and 13-15 have been rearranged in the figure. b, NIH 3T3 cells were exposed to BSA (lanes 1, 2), pure PDGF (2.5 nM, lanes 
3,4), TPA (0.1 mg mi~’, lanes 5, 6), EGF (8.3 nM, lanes 7, 8) or FGF* (0.12 ug mi7' lanes 9, 10) for 30 min before the addition of °°S-methionine : 
for 30min. Each sample was immunoprecipitated with non-immune rabbit serum (N, lanes 1, 3, 5, 7 and 9) or affinity-purified IgG to M2. 
peptide (A, lanes 2, 4, 6, 8 and 10). All samples were run on the same gel and exposed for 5 days. a 
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‘Fig.$ Subcellular localization of induced c-fos proteins. A 35-mm 
ish of NIH 313 cells was treated with partially purified PDGF 
(0.83nM) in 0.4m! medium for 30min before the addition of 
“300 Ci **S-methionine for 30 min. After washing with cold saline 
“the cells were scraped from the dish in 0.4ml of 1 mM DTT, 
10 U ml"! Trasylol, 10 mM HEPES, pH 7.4 and homogenized in 
a Teflon/glass homogenizer. Half of the sample was removed and 
the remainder centrifuged at 600g for 5 min at 4°C. One volume 
of twice-concentrated RIPA buffer (see below) was added to each 
fraction. Following centrifugation, small aliquots of each fraction 
were analysed by SDS-polyacrylamide gel electrophoresis. Certain 
proteins were found in the supernatant but notin the pellet fraction, 
suggesting that contamination of the latter fraction with cytoplasm 
or unbroken cells was negligible (data not shown). Half of the 
“remainder of each fraction-total homogenate (lanes 1, 2), super- 
atant (lanes 3, 4)-and pellet (lanes 5, 6) was then immunoprecipi- 

tated with either 1 wg affinity-purified IgG to M2 peptide (A, lanes 
f nd-5) or 1 ug IgG to M peptide preincubated with 3 pg M 
5p ptide (B, lanes 2, 4 and 6). The gel was exposed for 2 days. 































‘Localization of induced c-fos proteins 


Immunofluorescence and cell fractionation methods have shown 
that c-fos proteins synthesized in R-MMV cells are nuclear’’, 
Fractionation of PDGF-treated NIH 3T3 cells by homogeniz- 
ation and low-speed centrifugation followed by immuno- 
-+ yecipitation, suggests that c-fos proteins in these cells are nuclear 
~-ealso (Fig. 5). All proteins specifically immunoprecipitated with 
: antiserum to M2 peptide, including p56-72 “!, p39, p45 and 
> p46were found in the low-speed pellet fraction containing nuclei 

(Fig. 5). The induced c-fos proteins have not yet been detected 
‘by. immunofluorescence. 










Discussion 
Within 10 min of treatment with 0.83 nM PDGF, a nine-fold 
~ induction of c-fos-specific mRNA is observed in NIH 3T3 cells 
(Fig. 1) and BALB/c/3T3 cells (data not shown). Exposure of 
BALB/c/3T3 cells to PDGF also induces c-myc RNA”. In our 
». experiments, c-myc mRNA continues to accumulate for at least 
+ 4h after PDGF stimulation of NIH 3T3 cells, whereas c-fos 
RNA is expressed only transiently. In. other cell types, there is 
Very rapid induction of the growth hormone gene by steroids 
and of the prolactin gene by EGF***, but mRNA levels do not 
decrease for several hours. 
: Inthe presence of protein synthesis inhibitors, at least 50-fold 
induction of mature c-fos mRNA was detected in NIH 3T3 cells 
(Fig. t}and BALB/c/3T3 cells (data not shown). Thus, like 
myc, t-fos and several other genes activated by PDGF, the 
c-fos gene is ‘superinduced’ when protein synthesis is blocked 
¿o by cycloheximide”. Cycloheximide may either cause stabiliz- 
ation. ofc fos: mRNA or enhance its de-novo synthesis, for 
example through inhibition of the synthesis of a labile repressor. 















of c fos gene transcription. Although the later possibil 
been suggested to explain superinduction of c-myc gene”, 
experiments support the former possibility for c-fos, as the 
amount of unspliced c-fos transcript was not increased in ‘co 
ditions of superinduction. 

The synthesis of c-fos proteins is induced rapidly by PDGF. 
(Fig. 2a), thus PDGF binding, signal relay to the nucleus, 
gene transcription, mRNA processing and transport and protein 
synthesis all must occur in 30 min. Clearly, the mechanism:-of 
signal transduction is very rapid, and may well be a direct: 
response to PDGF binding. Indeed, both the concentration 
dependence and kinetics of c-fos gene activation correlate w 
with previous estimates of occupation of cell-surface PDGF 
receptors on NIH 3T3 cells at 37°C (ref. 31). The kinetics 
the decline in c-fos mRNA synthesis coincide with internaliz- 
ation and degradation of bound PDGF”, PDGF has many 
rapid effects on resting fibroblasts’, The transcription of c-fos 
must be induced by an effect of PDGF not detected with EG 
Potentially, the protein-tyrosine kinase activity of the PDGF 
receptor may have a different specificity from that of the EGF 
receptor, although the substrate proteins identified to date are 
common to both factors*!°, 

The c-fos and v-fos proteins are modified extensively: afte 
translation. In PDGF-treated NIH 3T3 or BALB/c/3T3 ‘cells 
at least four c-fos-encoded products could be detected (Figs 2, 
3). There may be further modified c-fos proteins that are too. 
heterogeneous to be detected or that may not be recognized by 
the peptide antiserum used in our studies. All four c-fos speci 
(p56-72 °!*) and the label in p39 disappeared equally rapidly 
with a half-life of ~2h (data not shown). If, as we think, p39 
is precipitated because of its association with c-fos proteins, 
then c-fos proteins are degraded rather than converted into more 
heavily modified forms. We estimate that the proteins accumu- 
late to much less than 0.0005% of cell protein (~25,00( 
molecules per cell), but if only one of the many modified for 
of p56-72 °% is active, then even smaller amounts of ac 
gene product may be present. A small number of other mRNAs 
including c-myc and r-fos, are induced by PDGF**””"* althoug 
they may not be induced as rapidly as c-fos. One protein, CPI"! 
whose gene is unknown, is synthesized very rapidly after PDGF 
addition*’, and is nuclear”, similar to products of c-fos and 
c-myc, 

What is the biological significance of rapid c-fos RNA and 
protein synthesis in response to PDGF, FGF and TPA? Studies. 
with BALB/c/3T3 cells have allowed the classification ‘of. 
mitogens as ‘competence’ or ‘progression’ factors which coop. 
erate for a full mitogenic response. The former category includes 
PDGF, FGF and TPA; the latter EGF and the insulin-like 
growth factors”’. This classification is not as clear in some othe 
cell types, however, and it is interesting that we could observ 
induction of c-fos proteins with both NIH 3T3 and BALB/c/3T3. 
cells. The products of the c-fos, c-myc and other induced genes. 
might all cooperate in some common cellular response or might, 
each mediate a different biological response. Their nuclear 
localization suggests that they may affect nuclear functions, such 
as the activation of other genes. In the case of c-myc, fibroblast 
constitutively synthesizing c-myc RNA have a decreased requires. 
ment for PDGF for growth**. Perhaps constitutive synthesis of 
c-fos RNA and proteins in R-MMV cells also contributes a 
relaxation of competence factor requirements for cell growth. 

Rapid induction of c-fos transcripts in PDGF-treated: 
BALB/c/3T3 cells has been reported recently". 
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_ Stimulation of fibroblasts with serum or purified growth factors leads to a dramatic induction of expression of both c-fos 
mRNA and protein within a few minutes, followed by activation of c-myc. This suggests that c-fos induction is a primary 
event and the earliest known effect on gene expression by growth factors. 

























RECENT evidence supports the hypothesis that cellular proto- 
oncogenes (c-onc genes) have key roles in the biochemical 
pathways controlling cell proliferation. Two distinct proto- 
oncogenes (c-sis and c-erb-B) control critical events in the 
transduction of extracellular growth signals into the cell. The 
c-sis gene probably encodes the platelet-derived growth factor 
(PDGF)'” and the c-erb-B gene product the epidermal growth 
factor (EGF) receptor’. For c-erb-B, the conversion of a cellular 
growth-factor receptor to an oncogene (v-erb-B) has been 
accomplished by loss of sequences in the regulatory ligand- 
binding domain’. This could lead to an unregulated receptor 
which is constitutively expressed in the activated state. For c- sis, 
the exact mechanism by which a normal growth factor-encoding 
gene has been converted into an oncogene remains unknown. 
Further evidence implicates the c-myc gene in the control of 
l proliferation: it is activated rapidly after stimulation of 
aematopoietic cells and fibroblasts by mitogens, PDGF* and 
egenerating liver tissue’, Moreover, enhanced expression of 
myc can eliminate partly the PDGF requirement for cell 
growth’. Nuclear proteins such as myc, which are activated by 
‘growth factor stimulation, may function as transducing signals 
to effect the cellular response to growth factors. Here we report 
that quiescent murine fibroblasts respond to stimulation with 
serum or individual growth factors by rapidly synthesizing c-fos 
mRNA and protein; this is followed by the appearance of c-myc 


mRNA and the subsequent rapid degradation of almost all c-fos 
mRNA. 


Induction of c-onc genes 


To investigate the involvement of c-one genes in the control 
of cellular proliferation, we analysed their expression following 
serum stimulation of quiescent NIH 3T3 cells (clone 7, from D. 
Lowy) stimulated after 3 days of serum deprivation with 20% 
fetal calf serum (FCS). This led to synchronous cell cycle initi- 
ation (Fig. la); the levels of c-Ha-ras mRNA (Fig. 1b) and- 
c-Ki-ras mRNA (data not shown) increased no more than 
threefold in serum-stimulated cells at any of the time points 
analysed. Expression of c-myc, however, was induced more than 
20-fold 1 h after stimulation with serum (Fig. 1b) followed by 
a slow decrease until reaching the basal level of quiescent cells 
after ~18 h (Fig. 1b). The change in c-fos expression was even 
more dramatic, increasing by approximately two orders of mag- 
nitude | h after serum stimulation and decreasing to basal levels 
lh later (Fig. 1b). Subsequent analyses showed that c-myc 
transcripts appeared at significantly elevated levels after 30 min 
of stimulation and reached a maximum after 60 min. Induction 
of c-fos clearly preceded the activation of c-myc mRNA 
expression (Fig. 1c) and was detectable as early as 5 min after 
stimulation (data not shown). It should be noted, however, that) 
the type of RNA analysis used here measures steady-state levels, 








painst time. after addition of medium supplemented with 10% 
FCS. b, Time course of c-myc , c-Ha-ras and c-fos expression 
following FCS stimulation. Sizes of mRNAs are 2.3 kilobases (kb) 
(c-myc), 1.4kb (Ha-ras) and 2.2 kb (c-fos) in this and all sub- 
sequent figures; 4 ug poly(A*) RNA were analysed per lane. c, 
‘Time course'of c-myc and c-fos expression following FCS stimula- 

n; 15 pg total RNA were applied to each lane. 
«Methods: a, NIH 3T3 cells were plated in 35-mm dishes containing 
3mlof medium supplemented with 10% FCS, When the cells were 
70%. confluent, the medium was replaced with Dulbecco’s 
‘modified Eagle’s medium (DMEM) containing 0.5% FCS. After 
2-3 days, cells were-stimulated by adding medium supplemented 
with 20% FCS. Cells were labelled at 2-h intervals for 2h with 
“TP pCitH-thymidine ml™'. About 500 nuclei were counted in dupli- 
cate in each case. b, RNA was isolated from cells grown in 600-cm? 
- dishes, selected for poly(A”) RNA, separated on formaldehyde- 
agarose at and analysed by Northern blotting as described else- 
where’. The oncogene-specific probes used were v-fos (1.1-kb 

Pstl- Bell fragment)*’, v-Ha-ras (BS9, obtained from R. Ellis)” 

: and mouse c-myc (provided by M. Cole)”. 


so we cannot distinguish ‘whether the dramatic increase in the 
level of c-fos mRNA and its rapid disappearance are the result 
“only of a modulated rate of transcription or whether it reflects 
also modulation of c-fos mRNA stability. Transcripts from four 
other proto-oncogenes tested were either not detectable (c-sis 
and c-fms) or did not show changes in the level of expression 
(c-abl and c-raf) (data not shown). 


Induction by growth factors 


erum contains many growth factors, hormones and other 
-supporting components. We therefore analysed the 
duction of c-fos and c-myc expression by the purified growth 


factors EGF, fibroblast growth factor (FGF) and PDGF, each. 


- of which can induce a new round of DNA synthesis when added 
to quiescent NIH 3T3 cells in serum-free medium. Both FGF 
and PDGF are efficient in 80-90% of the cells, whereas EGF 
stimulation leads to cell-cycle initiation in only 50% of the cells 
(Fig. 2a). 

‘The strong initial induction of c-mye expression by FCS was 
2 reproduced using either EGF, FGF or PDGF alone (Fig. 2b). 


Expression of c-myc, however, was considerably more stable in 


FGF- or FCS-treated cells than in EGF- or PDGF-stimulated 


: cells, where. the concentration of c-myc mRNA decreased to 
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relatively low levels 2 h after stimulation. The expression of c-fo. 
dramatically increased Ih after stimulation of quiesce 
NIH 3T3 cells with FGF or PDGF and was then abolishe 
rapidly (similar to FCS-stimulated cells) (Fig. 2b). In contrast 
EGF-treated cells showed a considerably lower induction: o! 
c-fos mRNA expression (Fig. 2b), possibly reflecting the weak 
mitogenic effect of EGF on NIH 3T3 cells compared with 

or PDGF (Fig. 2a). In contrast to c-myc and c-fos, no cha 

in c-Ha-ras expression were observed after stimulation 
EGF, FGF or PDGF (Fig. 2b). These results clearly show t 
the expression of c-myc and c-fos in NIH 3T3 cells is rap 
and specifically inducible by. purified growth factors. However 
a crude preparation of FGF was used in this study, and thu 
may contain impurities that could enhance its effect on. NIH 
3T3 cells. Induction of a c-fos-related gene (r-fos) by PDG! 
has been observed also (C. Stiles, personal communication). 


Superinduction by cycloheximide 


Cultivation of quiescent NIH 3T3 cells (in 0.5% FCS) for 4] 
with the protein synthesis inhibitor cycloheximide resulted in 
slightly increased expression of both c-myc and c-fos mRNA 
(Fig. 3). Moreover, stimulation of quiescent NIH 3T3 cells fo: 
4h with 20% FCS and cycloheximide led to the accumulatio: 
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myc fos H-ras 
Fig. 2 Induction of c-myc and c-fos mRNA expression by growth factors. a, Thymidine labelling index of NIH 373 cells stimulated for 24h: 
$ by growth factors. b, Northern blot analysis of c-myc, c-fos and c-Ha-ras expression in NIH 373 cells in a quiescent growth state (Q), and1 
2.and 4h after growth-factor stimulation; 15 yg total RNZ applied to each lane. ~ 
Methods: a, Quiescent cells (see Fig. | legend) were stimulated with DMEM containing the indicated doses of either EGF (@), FGF (©) or: 
- PDGF (A) and labelled for 24h with | wCimi~’ of *H-thymidine before being processed for autoradiography. b, Quiescent cells stimulated 
-with DMEM containing either EGF (10 ngm"; BRL), FGF (100 ng-ml~'; BRL) or PDGF (100 ng mi~’; BRL) (similar results were obtained 
with highly purified. PDGF), for. different periods as indicated. : 
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Fig. 3 Superinduction of c-myc and c-fos mRNA expression. 
Quiescent NIH 3T3 cells (see Fig. 1 legend) were cultured for 4h 
in either 0.5% or 20% FCS with (+Cy) or without (-Cy) cy- 
cloheximide (5 ug mi~’). F1, NIH 3T3 cells 1 h after stimulation 
with serum; 15 pg total RNA were analysed as described in Fig. 
: “1 legend. Left-hand lanes (0.5% FCS) were exposed for 15h, 
right-hand lanes (20% FCS) for 2h. 


of c-myc and c-fos RNA to concentrations several fold higher 
an the maximum observed in the absence of cycloheximide 
(Fig. 3, lane F1). Hence, c-myc and c-fos genes may be modu- 
lated (repressed) by an unstable protein or by autoregulation 
nd c-fos mRNA seems to be considerably more stable in the 
presence of cycloheximide, presumably because of the absence 
of a protein (or proteins) that would normally cause rapid 
legradation following the peak level of expression lh after 
stimulation. Superinduction of c-myc expression by cyclo- 
heximide has been observed previously in other cells* and in 
generating liver tissue’. 


Increased expression in proliferating cells 


The rapid induction of c-fos and c-myc expression after growth- 
actor stimulation suggests that these proto-oncogenes have a 
primary role in the control of cell proliferation. We therefore 
amined their expression in rapidly proliferating and quiescent 
lls. We found increased expression of both c-myc and c-fos 
“mRNA in growing relative to quiescent cells; the highest con- 
centration of expression was detected in transformed cells (Fig. 
4). Thus, there is a correlation between the expression of c-fos 
and c-myc proto-oncogenes and cellular proliferative activity. 
_ Although expression of c-myc in transformed cells approached 
that in serum-stimulated (1 h) NIH 3T3 cells, the level of c-fos 
MRNA was considerably lower in the transformed cells than in 
stimulated normal cells (data not shown). 


Synthesis of c-fos protein 

As growth-factor stimulation of NIH 3T3 cells leads to a dra- 
“matic induction of c-fos mRNA, we investigated c-fos protein 
synthesis in these conditions. Synthesis of the fos gene product 
as measured by immunoprecipitation in both normal mouse 
yroblast (NIH 373) and normal rat fibroblast (208F)* cell lines. 
Almost undetectable levels of c-fos protein occurred in serum- 
deprived cells, but 1 h after stimulation we found a dramatic 
nduction of a highly modified relative molecular mass. (M,) 
62,000 form of the c-fos protein. At 2h post-stimulation, fos 
ein synthesis was already reduced ~ fivefold, the time course 
fos protein synthesis (Fig. 5a) reflecting the previously 
_ observed pattern of mRNA induction (Fig. 1b). In addition to 
the fos protein, p39, the cellular protein complexed to fos®'°, 
_was also detected. 

In agreement with our RNA data, c-fos protein induction by 
FGF and ‘PDGF was equivalent, whereas induction by EGF 
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Fig. 4 Increased levels of c-myc and c-fos mRNA in growing 
versus quiescent cells, Quiescent NIH 3T3 cells (Q) were compared 
with normally proliferating non-synchronized NIH 3T3 cells grow- 
ing in 10% FCS (C); 1Spg total RNA were analysed in this 
experiment. Expression of c-myc and c-fos was also analysed in ~. 
quiescent NIH 3T3 cells (Q) relative to spontaneously transformed 
NIH 3T3 cells (S) or NIH 373 cells transformed by either long 
terminal repeat-activated c-raf gene (raf)’* or the McDonough 
strain of feline sarcoma virus (fms)**: 4g poly(A*) RNA were 
applied to each lane. Equal amounts of RNA were loaded as ` 
determined by ethidium bromide staining of the gel. Northern blot 
analyses were carried out as described in Fig. | legend. 


was marginal. However, 10% FCs or the combination of EGF, 
PDGF and FGF gave stronger stimulation than any of the growth - 
factors alone (Fig. 5b). Using antibodies directed against myc- 
specific synthetic peptides (from Dr Richard Chizzonite), we 
observed induction also of the c-myc protein in NIH 3T3 cells 
1h after stimulation by 10% FCS, FGF, PDGF but not by EGF 
(data not shown). However, the degree of induction and the 
amount of c-myc protein expressed at this time point was less 
than that observed with c-fos. 





Modification of c-fos protein 


In cells transformed by a c-fos-expressing plasmid, the c-fos 

product appears primarily as a M, 55,000 protein on SDS- 
polyacrylamide gels during a 20 min pulse-labelling period. This ` 
protein is converted to short-lived high M, forms of 57,000,.. 
60,000 and 62,000 over 2 h (ref. 11). In normal mouse amniotic. 
cells, which express constitutively a high level of c-fos, these - 
highly-modified forms appear to be more stable''. In serum- 

stimulated normal fibroblasts, the majority of the c-fos protein: 
was in a highly modified form even in a 20 min pulse-labelling 
period (Fig. 5a, b). Pulse-chase analyses showed that the small 
amounts of M, 55,000 and 57,000 forms detectable after a 15 min 

labelling period were converted rapidly to the larger forms in.’ 
15-30 min of subsequent chase. The profile of c-fos protein: 
expression in NIH 3T3 cells and 208F cells was identical. During 

the 2-day serum starvation period, NIH 3T3-cells become quies- 

cent whereas 208F cells still show a thymidine-labelling index... 
of 10% (data not shown). Thus, c-fos induction is not dependent. i 
on cells being in the quiescent state. Modification of the c- -fos 
protein continued during the chase periods and a stable mature > 
form of M, 62,000 was generated (p62°"”’, in marked contrast 
to the pattern of c-fos protein modification detected in trans- 
formed cells. In these cells the M, 62,000 form is detected only ; 
after 2h of chase and is very short- lived", i 


Immunofluorescence studies 


The relatively stable nature of the induced c-fos protein indicates’ 
that it should be detectable by immunofluorescence staining, 
which allows a-more accurate examination of the time course 
of appearance of c-fos protein as cells are rapidly fixed at each 
time point. One hour after serum stimulation, high concentra- 
tions of c-fos protein appeared:in the nucleus of NIH 3T3 cells: 
(Fig: 6a). A granular staining pattern occurred throughout the - 
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‘Fig. 5 Induction of c-fos protein synthesis by serum and growth factors. a, Normal 208F rat fibroblast cells and NIH 3T3 mouse fibroblast: 
< cells were stimulated for 0, 1 and 2h with 10% FCS. Cultures were labelled with “°S-methionine for 20 min at each time point. Cell extracts 
' Were prepared and immunoprecipitated with tumour-bearing rat serum (T) and with normal rat serum as control (N). Samples were analysed 
“py electrophoresis on SDS-polyacrylamide gels. The numbers on the left indicate the molecular weights of the '“C-methylated marker proteins 
(Amersham). For 208F cells each lane represents the immunoprecipitate from | x 10’ c.p.m. of trichloroacetic acid (TCA)-insoluble protein and. 
“for NIH 3T3 cells, the immunoprecipitate from 3x 10° c.p.m. of TCA-insoluble protein. b, NIH 3T3 cells stimulated for Lh with 10% FCS, 
“songml”! EGF, 50ngml"' FGF and 50ng ml”! PDGF were labelled for 15min with 388. methionine. Extracts were prepared and 
immunoprecipitated with V (v-fos protein-specific) and M (fos protein-specific) peptide antisera. Each lane represents the immunoprecipitate. 
from 10° ¢.p.m. of TCA-insoluble protein. e, Pulse-chase analysis of fas protein synthesis in NIH 313 and 208F cells. Cultures were stimulated > 
for th with 10% FCS, then labelled for 15 min with **S-methionine, Following the labelling period, medium was removed and replaced with 
‘DMEM supplemented with 10% FCS, and cultures were incubated further. NIH 3T3 cell extracts were prepared after the 15-min labelling: 
“period and at 15, 30, 60 and 120 min of chase. 208F cell extracts were prepared after the 15-min labelling period and after 30 min of chase, 
“Extracts were immunoprecipitated with affinity-purified fos-specific peptide antiserum (M), and as control an affinity-purified peptide antiserum. 
“specific for the v-fos protein which does not recognize the c-fos gene product (V). i 
Methods: Cell culture was done as described in Fig. 1 legend. For 35S. methionine incorporation, cells were preincubated in 1 ml of methionine-free 
medium for 20 min before the labelling period, For serum stimulation, this medium was supplemented with 10% dialysed calf serum (Gibco) 
for growth-factor stimulation the medium was supplemented with the appropriate amount of the relevant growth factor. 3§.methionine : 
labelling was performed by adding 250 pCi **S-methionine (~800 pCi mmol”'; Amersham), Preparation of cell extracts, immunoprecipitation | 
and polyacrylamide gel electrophoresis were as deserbed previously''. Characterization of tumour-bearing rat sera as well as the V and M fas: 
peptide antisera have been described elsewhere’? 













* 
Fig.6 Detection of fos protein 
induction by immunofluorescence 
staining. a, NIH 313 cells weren- 
stimulated for 2 h with 10% FCS (see 
Fig. | legend). Cells were prepared 
for immunofluorescence as described. 
previously’! and stained with TBRS 
followed by rhodamine-conjugated, É: 
rabbit ariti-rat IgG as the second anti- = 
body. Cells were photographed.’ 
through a x63 lens (Leitz). Left 
panel, fluorescence; right panel, 
phase-contrast. b, Time course of fos 
protein induction analysed. by 
indirect immunofluorescence. NTH 
373 cells were induced by 10% FCS 
and cultures prepared for immuno- | 
fluorescence at 0, 5, 15 and 30 mint 
and 1, 2, 4 and 20h post-stimulation, 
Tertiary MEFs were also stimulated 
with serum and prepared. for ` 
immunofluorescence at 0, 15, 30, 45; 
60 and 90 min: antisera were the 
same as in a. e NIH 373.:cells 
induced for | h with 50ngml | each 
of PDGF, FGF and EGF were 
stained for Jos expression as.” 
described for a. Cell culture was as 
described in Fig. | legend. Cells were 
fixed with 3% paraformaldehyde 
and permeabilized with 1% Triton 
X-100 as described previously i. 
TBRS and rhodamine-conjugated 
rabbit anti-rat IgG (Cappel) were 
used at 1: 100 dilutions as described 

elsewhere! t. 
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protein induction was observed with NIH 3T3 cells, 208F cells 
nd tertiary mouse embryo fibroblasts (MEFs) (Fig. 6b; data 
on 208F cells not shown). A small amount of c-fos protein was 
etected in cell nuclei in 5 min (Fig. 6b). Maximal fluorescence 
as observed at 1-2 h post-induction: it was drastically reduced 
~4h and undetectable after 20h. The demonstration that 
EF cells also activate c-fos expression following stimulation 
hows that induction is not an artefact of established cell lines. 
Immunofluorescence staining of NIH 3T3 cells following 
induction by EGF, PDGF and FGF (Fig. 6c) confirmed the 
conclusions from the RNA analyses (Fig. 26) and 
immunoprecipitation experiment (Fig, 5b) that PDGF and FGF 
were more efficient than EGF at stimulating c-fos expression 
_ (Fig. 5c). Similar observations were made when growth factor- 
“stimulated MEFs were analysed by immunofluorescence (data 
not shown). In general, stimulated cells gave the same overall 
ppearance of fairly uniform staining independent of the agent 
ed. 









‘Cell proliferation and c-onc expression 


The very rapid apperance of c-fos mRNA and protein after 
¿growth factor stimulation argues strongly that c-fos activation 
affects gene expression by primary growth factor, whereas acti- 
vation of c-myc may be a later event. The sudden disappearance 
of c-fos mRNA also contrasts strikingly with the gradual decline 
of.c-myc mRNA. The superinduction of both mRNAs by cyclo- 
heximide suggests that the levels of c-fos and c-myc mRNA are 
n part regulated by the action of a newly-synthesisized gene 
‘oduct. Previously, it has been observed that the 3’-untranslated 
egion of the c-fos gene is involved in inhibition or expression 
f the regulation of c-fos mRNA stability’?. It is possible that 
ese sequences of the c-fos gene or its mRNA are recognized 
3y- the regulatory proteins. 
erum induction of fibroblasts results in the presence of high 
els of c-fos protein for at least 2h (Fig. 6b). If such c-fos 
imulation is necessary for the normal cell cycle, a small popula- 
of cells which express a high concentration of the c-fos 
gin would be expected, but this is not the case (T.C., unpub- 
shed data). Such high expression does not seem to be a normal 
ondition of proliferating fibroblasts in cell culture, but rather 
is. a direct consequence of the growth factor-receptor intereac- 
jon. Experiments are in progress to determine whether c-fos 
Xpression is involved in the‘transition from the Gy to G, phase 
f the cell cycle rather than in the induction of DNA synthesis. 


implications for transformation 


nduction of c-fos results in high concentrations of c-fos protein 
expression equivalent to that observed in c-fos- or v-fos-trans- 
ormed cells for a period of 2-4 h, but the induced cells maintain 
normal morphological phenotype. Thus, c-fos protein must 
¢ expressed for an extended period of time or even constitu- 
vely (such as in virus-infected cells) to induce transformation. 
lternatively, as the induced fos protein is immediately exten- 
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nucleoli. A similar time course of c-fos : 





sively modified, modified c-fos prote 
inducing transformation. The deletion in 










mation. 


Role of c-fos 


Previous analyses of tissues and non-synchronized primary cell 
cultures have shown that c-fos is expressed at high concentra- 
tions specifically in cells constituting the fetal membranes and 
placenta'*, bone marrow’®, early fetal liver’ 56; 







































and differentiated 
macrophages'*'®. The observed stage-specific expression'* as 
well as studies using in vitro differentiation systems'*:'® suggest 
a correlation between c-fos expression and differentiation. The 
expression of exogenous c-fos genes can trigger the differenti- 
ation of F9 teratocarcinoma stem cells'’. Together, these findings 
suggest strongly that c-fos is involved in the induction of differ- 
entiation in particular cell types. In such cells, c-fos expression 
is indeed subject to a different mode of regulation compared 
with growth factor-stimulated fibroblasts. Thus, non-synchron- 
ized primary cultures of amniotic cells show a high concentration 
of expression in all the cells’, In addition, expression of c-fos 
in CSF-1 (colony-stimulating factor-1) stimulated macrophages 
shows a different pattern of cell cycle-related regulation and 
much less pronounced variations in the level of expression 
compared with fibroblasts (R.M. and L. Guilbert, unpublished © 
results). This suggests that c-fos-expressing cells can be divided — 
into at least two categories: (1) cells (for example, fibroblasts) 
which show a stringent control of c-fos expression and in which 
c-fos may have a key role in the control of cell proliferation 
and (2) cells (for example, amnion cells, macrophages) which 
express c-fos more or less constitutively and in which c-fos has 
a function in differentiation. The function of the c-fos gene 
product may be associated with the transduction of nuclear 
signals which, depending on the differentiated state of the cell, 
may affect regulatory pathways either involved in the control . 
of poliferation or in the induction (or progression) of differenti-. 
ation. In this context it is interesting to note that EGF has 
previously been reported to induce the expression of differenti- 
ation markers in certain cell types'*'®, These observations raise 
the intriguing question as to how the molecular mechanisms 
governing cellular proliferation and differentiation may be 
related to each other. 

After submission of this manuscript, another study” was - 
published reporting rapid induction of the c-fos gene following - 
growth-factor stimulation of BALB/c/3T3 cells. 

We thank E. F. Wagner for reading the manuscript, R. $. 
Lerman for PDGF, M. Cole and R. Ellis for mouse c-myc and 
v-Ha-ras plasmids, and B. Blanasch for help in preparation of 
the manuscript. 
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_ Achemically-synthesized gene and natural complementary DNA coding for human lymphotoxin were isolated and engineered - 
_ for expression in Escherichia coli. Purified recombinant lymphotoxin shows cytotoxic activity on murine and human tumour. 
ell lines in vitro and causes necrosis of certain murine sarcomas in vivo. 












MPHOTOXIN was first characterized as a biological factor in 
| mitogen- -stimulated dymphoeytes having anticellular activity on 
ae eoplastic cell lines'~*. It has a spectrum of associated cytotoxic 
_ activities, including cytostasis of certain tumour cell lines and 
| marked cytolysis of other transformed cells*®, On primary cell 

‘cultures and normal cell lines, lymphotoxin shows little or no 
anticellular activity. This discrimination led to in vivo studies””'' 
suggesting that lymphotoxin has a potent antitumour activity. 
© Purification and subsequent characterization of lymphotoxin 

_ has proved difficult because of the small amount of active protein 
. ‘secreted by primary lymphocyte cultures. We reported recently 
_ the isolation and characteristics of lymphotoxin produced by 
the human lymphoblastoid cell line RPMI-1788 (ref. 12). Anti- 
odies. prepared against RPMI-1788-derived lymphotoxin 
itralize all of the cytolytic activity produced by non-adherent 
lymphocytes’ , Suggesting that lymphotoxin from both sources 
is identical. Lymphotoxin is a glycoprotein with a relative 
“molecular mass (M,) 60,000-70,000 measured by molecular 

sieve chromatography'”'?, whereas monomeric lymphotoxin has 
a M, of 25,000 (ref. 14); previous values of 20,000 (ref. 12) 
_ probably represent a degradation product. We report here the 

_ ‘construction and expression in Escherichia coli of a DNA encod- 
“ing human lymphotoxin and some of the in vitro and in vivo 

biological activities of this anticellular lymphokine. 








_ Lymphotoxin gene design 


Cultures of RPMI-1788 cells were induced with the tumour- 
promoting agent 48-phorbol-128-myristate 13a-acetate (PMA) 
‘and produced 500-1,000 lymphotoxin units per ml, as deter- 
mined in the murine fibroblast L-929 assay’ 16 Lymphotoxin 
was purified as described previously’? and migrated on SDS- 
- polyacrylamide gels as two bands of M, 25,000 (95% of material) 
~ and 20,000(5% of material). Microsequencing’” '8 by the Edman 
~ degradation technique yielded sequence information on the 
intact molecule and on fragments produced by various enzy- 
‘matic and chemical cleavages. A contiguous sequence of 155 
residues was determined, but the carboxy-terminal region was 
© difficult to determine because of the limited availability of 
~ material and hydrophobic nature of this region'*. Three carboxy- 
-terminal residues were determined by carboxypeptidase diges- 
Te tion. (-Phe-Ala-Leu- COOH), but several residues in this region 
remained unknown'* 
We constructed a synthetic gene containing an ATG transla- 
_ tional initiation codon followed by codons for the 155 residues 
_ determined by microsequencing. This design assumed that the 
inknown carboxy-terminal residues would not be necessary for 
ymphotoxin activity. The gene design incorporated E coli 
codon bias'””° and substituted preferred human codons?’ where 
¿no E. coli bias was apparent. The entire gene was assembled in 
three segments. from 58 individual oligodeoxynucleotides 














synthesized by the solid phase phosphite method”””’ _ Extracts 

prepared from Æ. coli cultures containing the resulting - 
expression plasmid pLTXBtrp! were not active in the L-929_ 
assay, suggesting that the. carboxy-terminal residues not iden: | 
tified by protein sequencing are necessary for lymphotoxin 

activity. 


Lymphotoxin cDNA isolation 


The synthetic lymphotoxin gene was used as a probe to isolate 
the natural lymphotoxin complementary DNA sequence, RNA. 
was isolated from a culture of non-adherent human periphera 
blood lymphocytes stimulated with PMA, staphylococca 
enterotoxin B and thymosin œ, (refs 13,24). This RNA: wa: 
used to prepare a cDNA library in vector Agtl0 (ref. 25), whic 
was screened”® in conditions of low stringency” ? with a prob 
prepared from the N-terminal coding region (116 base pairs 
bp, in length) of the synthetic lymphotoxin gene. ; 
The DNA sequence of the hybridizing phage containing "th 
longest CDNA insert (ALTI1) was determined by the dideoxy: 
chain termination method (ref. 28; Fig. 1). There is an open 
reading frame of exact amino acid homology with the deter- 
mined lymphotoxin protein sequence’*. The lymphotoxin cDNA 
structure is similar to that of other cDNAs which have. been 
characterized, containing 79 bp of 5’ untranslated and: 626 bp 
of 3’ untranslated sequence and the consensus polyadenylation — 
addition sequence AATAAA” just upstream of the poly(A) tai 
ALTI1 cDNA encodes 34 residues before the sequenced amino 
terminus which have the characteristics of a signal sequence? 


anata anaa: 





Table 1 Antigenic similarity of natural and recombinant lymphotoxin 
as assessed by neutralization of cytolytic activity 
% Cytolysis 
Lymphotoxin Natural Recombinant 
pretreatment lymphotoxin lymphotoxin: |: 
Preimmune serum 100 100 
Rabbit anti-lymphotoxin 0 0 
Lymphotoxin monoclonal 
antibody lymphotoxin-B 0 0 
55°C, ih 100 100 
80°C, lh 0 0- 


p NOAOA AN NEEN aana aa 


Ten units of lymphotoxin were preincubated with 5 pl (5 pg) poly-. 
clonal or monoclonal antibody in a total volume of 0.1 mi for th at 
37°C before assay on murine L-929 cells as described previously’. 
The assay is sensitive to 0.4 U in 0.1 ml. Preimmune and hyperimmune. 
rabbit antisera were obtained from a rabbit immunized with. purified 
natural lymphotoxin derived from RPMI-1788 cells. Neutralizing mono- 
clonal antibody was derived from a mouse immunized with natural 
lymphotoxin; | mg of lymphotoxin-B neutralizes ~4,000 U of natural 
or recombinant lymphotoxin. 








i ce oe ae ee the pro prog) 
SASGTTTATTORECCTCAGTECTOLT CTOcTaccTabaTcCcemccTEct fesatcyeaaccresrretceer ATG ACA CCA. CCT a 






y 20 ~i0 
arg Jed phe leu pro arg val cys gly thr thr Jeu his leu leu leu leu gly leu Tey ley val leu Jeu pro 
Gr yg te CTC CCA-AGG.GTG TGT GEC ACC ACC CTA CAC CTC CIC CTT CTG GGG ae ETG CTG ATT ETG CTG CCT 
i 150 


1 19 20 
gin gly Leu Pro Gly Val Gly Leu Thr Pro Ser Ala Ala Gin Thr Ala Arg Gin His Pro Lys Met His 
CAG GGG CTC CCT GGT GTI GGC CTC an ECT TCA GET GCL CAG ACT GCC CGT CAG CAC CEC AAG ATG CAT 

2 





y 40 
Leu Aja His Ser Thr Ley Lys Pro Ala Ala His Leu fle Gly Asp Pro Ser Lys Gin Asn Ser Leu Leo Trp Arg 
ert Bg ac AGC ACC CTC AAA CCT GCY GET CAC CTC ATT GGA GAC CCC AGC AAG as AAC TCA CTG CTC TGG AGA 
z 3 





sy 50 & 70 
| Ala Asn Thr Asp Arg Ala Phe Leu Gln Asp Gly Phe Ser Leu Ser Asn Asn Ser Leu Leu Val Pro Thr Ser ely 
ce BCA AAC ACG GAC CGT GCC TTC CTE CAG GAT GGT TTC TCC TTG AGC AAC AAT TCT CTC CTG GTC CRC ACC ABT GGC 
A 350 








80 90 
Ue Tyr Phe Val Tyr Ser Gin Val Val Phe Ser Gly Lys Ala Tyr Ser Pro Lys Ala Thr Ser Ser Pro Leu Tyr 
SATE TETTE GTC TAC TEC CAG GTG GTC TTC TEY GGG AAA GCC TAC TCT CCC AAG GCC ACC TCC TEC CCA CTC TAC 
hoy a 


: 100 110 120 

teu Ala Wis Glu Val Gln Leu Phe Ser Ser Gin Tyr Pro Phe His Yal Pro Leu Leu Ser Ser Gin Lys Met Val 

OTS GCC CAT GAG GTC CAG CTC TTC tee TCC fae TAC CCC TYC CAT GTG CCT CTC CTC AGC TCC CAG AAG ATG GYG 
a 


1% 149 
Tyr Pro: Giy Leu Gin Glu Pro Trp Lew His Ser Met Tyr His Gly Ala Ala Phe Gin Leu Thr Gin Gly Asp Gin 
TAT. E GGG CTG CAG GAA COC TGG CTG CAC TCG ATG TAC CAC GGG GCT GCG TIC cae CTC ACC CAG GGA GAC CAG 
i] PstI 


; i 170 
Leu Ser Thr His Thr Asp Gly [le Pro His Leu Val Leu Ser Pro Ser Thr Val Phe Phe Gly Ala Phe Aja Leu 

ATA TCC ACC CAC ACA GAT GGC ATC CCC CAC gra BTC CTC AGC CCT AGT ACT GIC TIC TIT GBA GCC TTC GCT CTG 
4; 650 


stop 
TAG ARGTTGAARAATCEAGAAAGAAAAAATAATTOATTTCAAGACCTICTCCOCATICTGCCYCCATICTGACCATTTCABSEGTCGTCACCACCTC 
fi FRO 
TRETTTGGCCATTCCAACAGCTCAAGTCTTCCCTGATCAAGTCACEGGAGE TTTCARAGAAGGAATTCTAGGCATCCCAGGGGACCCACACTCCCTGAAC 
800 GBO EcoRI 
; CATECCTGATETCTGTCTGOCTEASGATTTORAGCE TOCCTAGGAATTCCCAGCCCARAGCTGTTGGTETTGTCCACCAGCTAGGTGGGGCETAGATCCA 
i 90 


CACACAGAGGAAGAGCAGGCACATGGAGGAGCTTGGGGGATGAC TASRGOCABSSAGESEACTAY TTATGAAGGCAAAAAAATTAAATTATTIATTTATG 
; SA AGAGRSAATANTAGMGAAATCEARGCHCAMCAGRACEE COARBAGATGAAGABTGAGABGECATECGCACANGEC TGACCAAGA 
GAGAAAGRAGTAGGCATGABOGATCACAGGECCCCAGAAGGCAGGGAAAGGE TC TAMAS EAR TECCGACCAGAGCECCACACGGAGGCATC TGCACL 
i CIEGATGANGCCCAATAHACCYCTTTTCTETGAAAAAAAAMARAA at 


‘Fig. 1 Sequence of the lymphotoxin cDNA. Numbers above each 
i line refer to amino acid position and numbers below each line to 
nucleotide position. The residue labelled | represents the first 
residue of lymphotoxin sequenced and is presumably the first 
amino-terminal residue of mature lymphotoxin. The first 34 
residues (lower case lettering) represent a signal sequence. 
‘Residues 156-171 were not determined initially by protein sequenc- 
ng: RNA was isolated*® from the non-adherent® cell fraction of 
uman peripheral blood lymphocytes 48h after induction with 
phorbol myristate acetate (10 ng ml~'), staphylococcal enterotoxin 
GB (ug mi"'), and thymosin-a, (1 pg mi!) 4, The RNA was 
‘passed over oligo(dT) and then used to prepare cDNA‘! which 
-was cloned into A gt10 (ref. 25). Approximately 10,000 recombinant 
“phage were plated on a 15-cm plate and screened by a low. 
stringency plaque hybridization method”®?’. A **P-labelled probe 
was prepared from the N-terminal coding segment (116 bp) by 
methods described previously”, using calf thymus DNA primers 
| {PL Biochemicals). Duplicate nitrocellulose filters were hybridized 
as described elsewhere“? with 5 x 10’ c.p.m. of the probe in 20% 
formamide. The filters were washed twice in 0.3 M NaCl, 0.03 M 
«sodium citrate, and 0.1% SDS at 37°C. Two phage hybridized 
with the probe and were plaque purified”. The purified phage 
“hybridized with probes prepared from the three individual seg- 
ments of the synthetic gene. The cDNA inserts of the two hybridiz- 
“ing. phage, ALTI and ALT2, were subcloned into Mi3mp8 and 
sequenced by the dideoxy-chain termination method”. A YP- 
labelled probe was prepared from the insert of ALTI and used to 
screen 25,000 recombinant phage at high stringency™®. Twelve 
additional hybridizing phage were identified and the sequence of 
«the longest insert, from ALTI1, is presented in the figure. The 
longest open reading frame is translated starting at the first 
observed ATG. 
_ Methods: A hybrid synthetic gene/natural cDNA expression plas- 
mid was constructed as follows. A 685-bp fragment containing a 
trp. promoter and DNA coding for 125 residues of the synthetic 
gene were isolated by digesting plasmid pLTXBtrp| with EcoRI 
and Pstl. A 301-bp fragment containing DNA coding for the 
_ Csterminal 51 amino acids of lymphotoxin was isolated by digesting 
_ the subcloned.cDNA of ALTI with EcoRI and PstI (these sites 
are shown above at nucleotide positions 554 and 855). These 
© fragments were isolated by electrophoresis on 5% polyacrylamide 
els and electroelution. The fragments were ligated into EcoRI- 
cleaved pBR322 treated with bacterial alkaline phosphatase” to 
reduce background transformants. The resulting expression plas- 
‘mid, pLTtrp1, was characterized by restriction endonuclease diges- 
i tion and DNA sequencing. 
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Fig. 2 Characterization of the gene and RNA coding for human 
lymphotoxin. Lanes 1-4, Southern hybridization of human 
genomic DNA digested with restriction endonucleases. Human 
lymphocyte DNA (5g) prepared by the method of Blin and 
Stafford™ was digested to completion with EcoRI (lane 1), Puull 
(lane 2), HindIII (lane 3) or Pstl (lane 4). The digested DNAs 
were electrophoresed on a | % agarose gel and blotted to a nitrocel- 
lulose membrane’'. A probe prepared” from the coding region of 
the lymphotoxin cDNA was hybridized (10° c.p.m.) with the filter 
for 16h and then washed as described elsewhere***°, Lanes 5-7, 
the ethidium bromide staining pattern of RNAs electrophoresed 
through a denaturing agarose gel. The 10-ug RNA samples. were 
electrophoresed through the gel (1.75% agarose, 0.025 M sodium 
citrate (pH 3.8), 6 M urea) for 7 h at 25 mA and 4°C*"°, The gel 
was stained in 5 pg ml”! ethidium bromide and photographed with 
an ultraviolet light source, then washed in 10 mM sodium phos- 
phate (pH 7.0) to remove urea. RNA was transferred to nitrocel- 
lulose*’ and then hybridized and washed as above for the Southern 
blot (lanes 8-10). The samples are mRNA from RPMI-1788 cells 
(lanes 5, 8), induced. adherent leukocyte (macrophage) cell RNA 
(lanes 6, 9) and induced non-adherent (lymphocyte) mRNA (lanes 
7,10). The mobility of the band observed in lanes 8 and 10 corre- 
sponds to an RNA 14S in size. 28S and 18$ refer to ribosomal 
RNA size markers; numbers on the left indicate mobilities of 
HindIII à DNA fragments in kb. 


We found 16 residues at the carboxy terminus encoded by 
the cDNA which had not been identified by protein sequencing. 
The three residues determined by carboxypeptidase digestion 
(Phe-Ala-Leu; ref. 14) are encoded by the cDNA immediately 
preceding the termination codon (Fig. 1). Because the 16 C- 
terminal codons were not present in the inactive synthetic lym- 
photoxin gene, a hybrid expression plasmid was prepared by 
splicing carboxy-terminal coding sequences from the cDNA into 
the synthetic gene (see Fig. | legend). Cultures containing the 
resulting expression plasmid, pLTtrp!, were found to contain 
cytolytic activity (510° units ml~' when grown to 1.0 Asso) 
when measured by the murine L-929 assay, confirming the cDNA 
sequence (Fig. 1) as that of human lymphotoxin. 

We used *’P-labelled lymphotoxin cDNA to analyse the struc- 
ture of the lymphotoxin gene and RNA. Southern blots”! hybrid- 
ized with the lymphotoxin cDNA probe suggest that human ` 
lymphotoxin is encoded by a single gene (Fig. 2). Northern: 
hybridizations of RNAs from induced lymphocytes or RPMI- 
1788 cells demonstrate that a transcript of ~14S is produced 
from the lymphotoxin gene (Fig. 2) which agrees well with the 
length of the cDNA (1,329 bp). : 


Purification and characterization 


Polyclonal antibodies prepared in rabbits against natural lym- 
photoxin’? neutralized all of the cytolytic activity contained in 
the recombinant cultures (Table 1). A murine monoclonal anti- 
body (LT-B) derived to natural lymphotoxin (C.V.B. and T.S.B., 
unpublished results) is also capable of neutralizing completely 
the L-929 cytolytic ‘activity ‘of lymphotoxin from natural and 
recombinant sources (Table 1). The recombinant lymphotoxin 

















Fig. 3. Reducing (2-mercaptoethanol) 15% SDS-polyacrylamide 
Lof proteins | stained with Coomassie blue. Lane |, size markers 
zés (M, x 10°) indicated to the left); lane 2, natural lymphotoxin 
"purified as previously described’; lane 3, proteins from extracts 
of pLTtrpl-containing E. coli selectively precipitated with 40% 
saturated ammonium sulphate; lane 4, eluate from a 
Sepharose/monoclonal antibody lymphotoxin-B column. Condi- 
tions of immunoaffinity. purification are briefly as follows: The 
“monoclonal antibody purified from ascites fluid by ion exchange 
-ochromatography was coupled te cyanogen bromide-activated 
Sepharose at a concentration of 2 mg ml” ‘resin, A 20-ml column 
was €quilibrated consecutively. with TBS (0.05 M Tris-HCI, pH 7.0, 
15 M sodium chloride, 2mM EDTA); 0.1 M acetic acid, pH 4.5, 
mM NaCl (elution buffer), then TBS. A 40% saturated 
ammonium sulphate. precipitate of E. coli pLTtrpl lysate was 
- dissolved in 0.1 M Tris-HCl, pH 7.4 and 5 mM EDTA and loaded 
‘onto the column at a rate of one column volume per h. Following 
éxtensive washing with TBS containing 0.05% Tween-20, specifi- 
cally-bound material was eluted and immediately adjusted to 
pH 7.8 with 0.1 volume | M Tris-HCI, pH 8.5 and stored at 4°C. 
The specific bioactivity of this purified lymphotoxin was 2.5 x 
10’ U mg™', where | U of lymphotoxin is defined as the amount 
required to achieve 50% lysis of 12,000 murine L-929 cells in a 
standard microtitre well. 














‘activity also exhibited thermolability similar to natural lym- 
¿į photoxin (ref. 16 and Table 1). 
“The recombinant lymphotoxin was purified on a monoclonal 
antibody (LT-B) column (Fig. 3). The mobility of the eluted 
lymphotoxin corresponds to M, 18,000, consistent with the 
predicted value of 18,600 based on the deduced amino acid 
sequence. Recombinant lymphotoxin produced in E. coli clearly 
“causes cytolysis of murine L-929 cells, similar to lymphotoxin 
derived from RPMI-1788 cells. Anticellular activity was 
; measured in vitro by plating tumour cells at a low density and 
then: monitoring their growth in the presence of lymphotoxin. 
“We found that the recombinant and natural lymphotoxin had 





“Table? Necrosis of MethA sarcoma in-vivo by recombinant and natural 
lymphotoxin 





Sarcoma necrosis score 
ttt +t + - 


Treatment No. of mice 


“Natural lymphotoxin, 25,000 U 
= Natural lymphotoxin, 10,000 U 
Buffer | control 
Recombinant lymphotoxin 200,000 U 14 
Recombinant lymphotoxin, 25,000 U 
Recombinant lymphotoxin, 10,000 U 
Buffer 2 control 





4 = z = 
4 ~ ee 
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= Tumour necrosis activity was assayed after intratumoral injection of 
“lymphotoxin (or buffer control) into 7-10 day MethA transplants in 
= CB6F1 mice. At 24h after the injection, mice were killed and tumours 
: “scored. histologically for haemorraghic necrosis. Natural lymphotoxin 
‘z Was purified as previously described’? and recombinant lymphotoxin 
/ was immunoaffinity purified (Fig. 3), Natural lymphotoxin was in buffer 
“(0.01 M Tris-HCI, 0.05 M (NH,); HCO;, pH 8.0) and recombinant 
photoxin was in buffer 2 (0.15 M NaCl, 0.1 M sodium acetate, 0.1 M 
s-HCI; pH 7.8). +++, Maximum response, 50-75% of the tumour 
mass markedly necrotic after 24h; ++, moderate response, 25-50% 
haemorrhagic necrosis; +, minimal response of <25% haemorrhagic 
necrosis: —, no. visible necrosis. 















Fig.4 Cytotoxic activity of recombinant and natural lymphotoxin’ 
on ME180 cells. Natural lymphotoxin (second row, nLT) and. 
recombinant lymphotoxin (fourth row, rLT) were added to 96-well 
flat-bottom microtitre plates at 1x10*U per well and serially : 
diluted twofold, across the plate from left to right. The fina 
concentration in the far right well is 78 U. Buffer | and buffer 2- 
controls (as in Table 2) were added to the third and fifth rows, 
respectively. ME180 cells were subsequently added at a concentra- 
tion of 5x10* per well and the plates incubated at 37°C. After: 
72h the supernatants were removed and the cells stained with: 
crystal violet. Results show significant cytotoxic activity of lym-. 
photoxin on ME180 cells (second and fourth rows) when compared 
with buffer controls (third and fifth rows) and ME180 cells alone: 

(top row). 

































































a significant antiproliferative effect on the human tumour. cell 
line ME-180, a human cervical carcinoma (Fig. 4). A normal 
lung fibroblast line, WI-38, was not sensitive to lymphotoxi 
(ref, 16). 

Recombinant and natural lymphotoxin were tested in an-in. 
vive tumour necrosis assay? which involves growing methyl-. 
cholanthrene-induced (MethA) sarcomas in susceptible. mice: 
and then injecting the tumours directly with lymphotoxin 0 
control samples. After 20-24h, the mice are killed and the. 
tumours removed and histologically scored for the extento! 
necrosis”. Both recombinant and natural lymphotoxin caused. 
significant necrosis of MethA sarcomas in vivo (Table 2). : 


Discussion 
We report here the cloning and expression of DNA sequences 
encoding human lymphotoxin. The various M,s of lymphotoxin 
described previously”*** probably do not represent a family 
of closely-related proteins, because hybridization studies suggest 
that human lymphotoxin is encoded by a single gene (Fig. 2) 
and polyclonal or monoclonal antibodies neutralize all of the 
L-929 anticellular activity produced from RPMI- 1788 cells and 
induced non-adherent lymphocyte cultures'*. These various size 
species could result from differential processing of the lym- 
photoxin mRNA or protein, but a more probable explanation 
is that this heterogeneity results from aggregation and/or degra- 
dation phenomena. As determined by protein sequencing and. 
cDNA cloning, mature lymphotoxin is 171 residues in length 
(M, 18,660); N-linked glycosylation’? at the observed poten- 
tial Asn-X-Ser site (residues 62-64 of Fig. 2a) probably accounts: ` 
for the increased size (M, 25,000) observed for natural. lym- 
photoxin. The absence of carbohydrate on recombinant lym- 
photoxin does not seem to affect its cytotoxic activity, as the: 
specific activity on L-929 cells of lymphotoxin produced by. 
recombinant means (2.5-13 x 10’ U mg™') is approximately that 
reported for natural lymphotoxin (4 x10’ U mg`')'*. The 25,000- 
M, form of lymphotoxin contains 23 extra N- terminal residues 
when compared with the 20,000 M, lymphotoxin'*. Production 
of lymphotoxin by recombinant methods should eliminate the 
heterogeneous nature of the lymphotoxin amino terminus and: 
allow the isolation of lymphotoxin with a distinct amino terminal; 
end. : 

The amino acid sequence of lymphotoxin was compared with 
the sequences of the lymphokines y-interferon”™, interleukin-2 
(ref. 36), and interleukin-3 (ref. 37). No significant homologies. 
were observed even though all these lymphokines are secreted 
from induced lymphocytes and have similar sizes to: lym- 
photoxin. There is at least one cytolytic factor of haematopoietic 
origin distinct from lymphotoxin, the cytokine tumour. necrosis 





factor (TNF 
arcoma in-vivo 








































pecific for lymphotoxin'*, however, 
id appears to have distinct biochemical properties*?. Fur- 
thermore, the lymphotoxin cDNA probe failed to hybridize on 
Northern blots to mRNA from induced macrophages producing 
cytolytic activity (Fig. 2). The isolation of a TNF cDNA clone 
further demonstrates that lymphotoxin and TNF are distinct 
molecules (see accompanying article*’), 
A cytolytic factor derived from B-cell lines which displays in 
“vitro and in vivo anticellular activity has been described” ; this 
has been designated ‘tumour necrosis factor’ based on its activity 
in the MethA sarcoma assay. This activity probably results from 
lymphotoxin, however, because it has similar biological 
activities, biochemical properties and is made by the cell line 
(RPMI-1788) used in this study for the purification of lym- 
photoxin. Natural killer cells also can be induced to secrete an 
anticellular factor“*“*. The lymphotoxin gene probe and lym- 
photoxin-specific antibodies will be useful in determining the 
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Lymphotoxin has been reported to act: synergistically wit 
a-interferon” and y-interferon'?'©” in vitro and in vivo. Thi 
potent antitumour activity of y-interferon or lymphotoxin ir 
natural preparations may be a result of the synergistic activity 
when both lymphokines are present’. The ready availability ol 
lymphotoxin produced via recombinant methods will aid thé 
biological characterization of this anticellular lymphokine. H 
will also help to define the antitumour mechanism of lym- 
photoxin, as well as its role in vivo in the regulation of the 
immune system and its interaction with other lymphokines. 
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in syngeneic mice. 


Human tumour necrosis factor has about 30% homology in its amino acid sequence with lymphotoxin, a lymphokine that 
has similar biological properties. Recombinant tumour necrosis factor can be obtained by expression of its complementary 
DNA in Escherichia coli and induces the haemorrhagic necrosis of transplanted methylcholanthrene-induced sarcomas 













UMOUR. necrosis. factor (TNF) has been associated with in 
vitro and in vivo killing of tumour cells. This activity was 
iscovered originally in the sera of mice and rabbits injected 
st with Mycobacterium bovis strain bacillus Calmette-Guérin 
(BCG) or other immunostimulatory agents, and subsequently 


with endotoxin'’. Serum from such animals causes haemor- 
rhagic necrosis and in some cases complete regression of certain 
transplanted tumours in mice'*, TNF-like activity has also been 
detected in the media of BCG/endotoxin-induced monocyte 
cultures (reviewed in ref. 2) and mitogen-stimulated peripheral 




















ss IGA SACCEC TARGAREBABRGAARCANE TACAGAC COCE CETEAARACAACTI FCABACOCENCATCCCETOAC ANEC TRCCROOERNGTTCTCE ACC TCYCACATACTGACECAC 









-76 ~60 
us wet ser the giu ser met ile arg asp val glu tev ale giv glu ala lev pro tys } 
“"BBCTCEABCETCTCTCCCETESAAAGGACACE ATG AGC ACT BAA AGL ATG ATC CGG GAC STG GAG CTS GCC GAG GAG aa OFC COE AAG ARS ACA 
: gies 150 





-55 a 
Di ogiyigiy- pro gin gly sèr arg arg cys leu phe leu ser Jeu phe a phe leu ite val ata gly ala thr thr Pe phe cys lew Jeu 
© GBG GGG CCC CAS: GGL TCE .AGG DGG TGC TTG TTC x AGE CTC TTC TCC TYC CTG ATC GTG GCA GEC GCC ACC ACG CYC TTC TEC Py C16 


NOA -g0 7 1 
i Me phe a yal tte gly pro gin arg glu glu phe pro arg asp leu ser Teu tle ser pro leu ala gin ata Vat Arg Ser Ses 
4 TTT: BTG ATE GSE eee CAG AGH GAA GAG TTE CEC AGS a ETC TCT CTA ATC AGC ter w GCE CAG GCA GTC AGA TEA FET et 


fe 


20 
Lys: Pro Val Ala His val Val Ala Asn Pro Gln Ala mo Sly Gla teu Gin Trp Leu Asn Arg Ary ATs Asn Ala 
AAG CCT GTA GCC CAT GTT GTA GCA AAC COT CAA GCT pag gae EGE CAG C TE cng T TTG RAC DOE COG GOC AAT GCC 


60 
if Gly Yal Glu Ley Arg Asp Asn Stn beu Val Val Pro Ser Blu Gly Leu Tyr Lev Tle Tyr Ser Gln Val teu Phe Lys 
GTG- GAG CTG AGA GAT AAC CAG CTG GTG GTG CCA TCA GAG G6C CFG TAC CJE ATE TAC TOE CAG GTE CTE TIC AAG 
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80 
Ser Thr His Val Leu Lau Thr His Thr Ile Ser Arg 1e Ala Yat Ser Tyr Sin Thr Lys Val Ash Lew Leu Sey 
eee TEC ACC cat gre ETC CIC ACE CAC ACC ATC AGC CGC ATC GCE GTC TEC TAC CAG ACC me | GYE AAC CTC CIC Ta 


Arg Glu Thr Pro Glu Gly Ala nu Ala Lys Pro Trp Tyr Glu Pro le Tyr Leu Gly Gly Val Phe Gtn 
AGG GAG ACC CCA SAG 686 et GAG GCC AAG COC -TGG TAT GAG COC ATC TAT CTO- OR: Si SC ETE CAS 


lag 450 
Sp Arg Leu Ser Ala Glu Ite Asn Arg Pro Asp Tyr Leu Asp Phe Ata Glu Ser Sty Gin Val Tyr Phe Gly Ne Ne 
EGA DTC AGC GCT GAG ATC ARE Cy COC PA TAT: CHE DAC TET GOE MAESTE, REN TAG: TC TAC TTT GGG ATC ATY 


1a Ley OP 
a TGA  execencencereecnncerecorercgeracccer IGACALCETCARCETCTTCTAGCTCRAAAABAGAATTGOOGO 






y CÜTAGGOTEOANACECAAGET TASAA TTTANGCAACAÄGATDACCACT COMAN TČGGATTCASGANTÍSTETGSČC TOCACASTGAATTOCTEGCAACCAC TAAGAATTCAMAC TEG 
š : 


ie ECETCCAGAAC TEAC GRAGCCTACAGCTTTGATCCCTGACATCTGENATCTWOAGACCASGGAG(CTTTSGTTCTGCCABAATECTGCAGGACTTENSAAGACC TCACCTAGAARTT 
ue $ i 






X ARAGACARGTOGNCE TTAGBCCTTOCTECTECABATRTTYCCAGACT ECT TOAGACATEGNGCCEARECETECECATEONGCC ARE TECCTCTATLTATOTTTECALTTSTSATTATTT 
1250 1 





ASUATFTATTTATTATTTATETATTIAGAGATGAATSFATTTATTTOGBABACCERESTATC TESIGEACOCAATEEN FABGAGCTSCLT TEAC TCAGACATOTTTTCCGTGARAACGBAG 

; is 1 

A CTUMMEIATAGEETETTCCCATGTAGEERCCTBUCG TC TBTHCCTTETYTTOATTATETTTTTTAMMATATTTATCTITTANGTIGEETAAMCAATOCTORT TIESTRACCAETETEA 
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A GCA TOC TONECCTETGETCCCCAGSOGAGTTETETI 'TGTAATCGCOCTACTATTCAGTGGCGAGAAATAAAGTTTGCYT 


Fig-1 TNF cDNA sequences and predicted amino acid sequence. 
‘idy Schematic representation of human TNF cDNA clones. Overlap- 
ing clones .A42-4 and A16-4 used in séquence determination and 
a schematic diagram of the complete cDNA structure are shown. 
Li e, untranslated sequences; boxes, coding sequences; white por- 
tion, sequences encoding the signal peptide; shaded regions code 

for mature TNF. The black box on the 3’ end of clone A16-4 
‘indicates that this clone was obtained by specific priming. b, 
Nucleotide sequence and deduced amino acid sequence of human 
TNF cDNA. Numbers above each line refer to amino acid positions 

and numbers below each line refer to nucleotide positions. The 
amino acid labelled i represents the first amino acid of mature 

TNF", The 76 amino acids preceding this position are indicated 
“by: lower case lettering. Sequence underlined indicates the poly- 

“-adenylation recognition site” 

Methods: a,.Total RNA was extracted” from HL-60 cultures 4h 
after PMA induction and poly(A)-containing RNA was purified 
on oligo(dT)-cellulose** . Double-stranded CDNA was prepared by 
oligo(dT) priming’? using 7.5 pg mRNA and fractionated on a 6% 
‘polyacrylamide gel. 700 ng cDNA >600 bp was recovered by elec- 
troelution. Synthetic EcoRI adaptors were ligated to 20 ng cDNA 

“before ligating into Agt10 (ref. 26). 200,000 cDNA clones were 
“obtained. The same conditions were used to prepare a specifically- 
‘primed cDNA library of. 200,000 clones using as primer the 
-- héxađecanucleotide dTGGATGTTCGTCCTCC (complementary 

to nucleotides 855- 870). Plaque screening“, `7P-radiolabelling of 

synthetic 42-mer probe” and hybridizations” were performed. b, 

DNA sequencing was performed by the dideoxynucleotide chain 

termination procedure*®-*. The cDNA insert of A42-4 consists of 

nucleotides 337-1643 and the cDNA insert of A16-4 consists of 
nucleotides 1-870. 












“blood leukocytes (PBLs)*. 
-. “TNF activity is cytolytic or cytostatic against many transfor- 
< med cell lines in vitro without obvious species specificity, yet 
has no known effect on normal mouse embryo fibroblasts or 
“‘non-transformed cell lines’**. Activated macrophages may 
“constitute the major cellular origin of TNF'**"°, providing an 
-important criterion for distinguishing this factor from the lym- 
-~ phoid cell- derived cytotoxin, lymphotoxin". The primary struc- 
‘ture of lymphotoxin was determined recently by protein 
sequencing’ ? and complementary DNA cloning (see. accom- 
. panying article’). 














Table 1 Human TNF production by various cell populakant | an 
lines 




































































Cytotoxic “alas 
(U mi?) 





Inducing 





Cell source agent(s) TNF Lymphotoxin 
Unfractionated None <8 <8: 
PBLs LPS 20 <8 
BCG 82 <8. 
BCG/LPS 86 <8 
BCG/LPS/PMA 140 <8 
PMA 280 <8 
SEB/Ta, 100 10 
SEB/Ta,/PMA 1,600 200. 
PBLs (adherent cells) None <8 <8 
BCG/LPS 350 <8 
SEB/Ta,/PMA 590 <8. 
PBLs (non-adherent None <8 <8 
cells BCG/LPS <8 <8 
SEB/Ta,/PMA <8 350 
HL-60 None <8 <8: ` 
PMA 380 L8 E 
U-937 None <8 <8 
PMA 32 <8 


PBLs were obtained from plateletpheresis residues (Boston Red. 
Cross) by Ficoll-Hypaque centrifugation*. Separation of PBLs into. 
adherent and non-adherent populations was performed as described | 
previously*!. HL-60 (CCL 240) and U-937 cell lines (CRE 1593) were 
obtained from the American Type Culture Collection. Cells were suspen- 
ded- at 5x10° cells mi7' in RPMI 1640 media containing 10% fetal 
bovine serum. Cultures were induced with one or more of the following 
agents: 2x10° organisms per ml of BCG (Calbiochem-Behring). 
20 pg ml”! Salmonella typhimurium lipopolysaccharide (LPS, Si 
1 ug ml”? staphylococcal enterotoxin B (SEB, Sigma), 1 pg ml: 
mosin a, (Ta,)* and 10ngml~' PMA (P-L Biochemicals). Cell- 
supernatants were collected 24h after induction except for .the 
BCG/LPS and BCG/LPS/PMA treatments; for these two inductio 
24-h BCG stimulation was followed by an additional 24-h tre 
with LPS. and LPS/PMA, respectively. Samples were assayed for 
cytolytic activity on mouse L-929 fibroblasts as described previousl: 
The activities shown represent TNF-specific or lymphotoxin-specific 
units as determined after antibody neutralization at 4°C for 4h before. 
assay. The units indicated were obtained from one representative donor 
in the case of the PBLs and from a single experiment when cell lines: 
were used. Rabbit anti-human TNF antiserum was prepared against 
partially purified TNF from PBLs (L. Svedersky and T. Bringman,: 
unpublished results). Rabbit anti-human lymphotoxin antiserum was 
prepared against pees human lymphotoxin from RPMI 1788 ym 
phoblastoid cells’! 


Here we identify a cell line with monocyte-like characteristics 
providing a source for human TNF and its messenger RNA 
cDNA clones were isolated that encode a polypeptide relat 
structurally to lymphotoxin. This cDNA was engineered to direct 
the synthesis of a relative molecular mass (M,) 17,000 protein 
in E. coli with the immunological characteristics as well as in. 
vitro and in vivo biological properties of natural human TNF. 


A human TNF-producing cell line 


We isolated PBLs by Ficoll-Hypaque density centrifugation and 
fractionated them into adherent monocytic and non-adherent 
lymphocytic fractions. After. stimulation with BCG an 
endotoxin (lipopolysaccharide, LPS), we detected an activit, 
cytotoxic to murine L-929 cells in the culture media of unfrac- 
tionated mononuclear cells and monocytes (Table 1). No. 
cytotoxic activity was produced by the non-adherent cells fol- 
lowing the same BCG/LPS induction procedure. The failure of | 
rabbit anti-human lymphotoxin antibodies to neutralize the 
cytotoxic activity demonstrates its difference from lymphotoxin. 
Moreover, the results of previous in vivo studies using BCG/LPS. 
induction procedures" 2? demonstrate that the activity can prob-. 
ably be attributed to TNF. Antiserum raised against partially 
purified PBL-produced TNF completely neutralized this activity 
(Table 1). 
















































was digested with EcoRI and the 800-bp frag- 
ent containing the entire TNF coding region 
yas isolated. TNF digestion with Aval and 
Hindi gave a 578-bp fragment coding for 
amino acids 8-157. Two synthetic complemen- te 
tary deoxyoligonucleotides'’, 5’-dCTAGAAT- 
` TATGGTACGTTCTICTICTCGTACT and 
< §-dTCGGAGTACGAGAAGAAGAACGTA- 
CCATAAT, were designed to code for amino 
acids 1-7 of TNF, preceded by an ATG transla- 
` stional initiation codon, and to contain an Xbal 
cohesive terminus, The choice of codons for the 
first six amino acids of TNF was based on E. 
“coli codon usage preferences*?. An AATT 
“Sequence was incorporated upstream of the 
ATG to maximize expression by giving optimal 
` Spacing: between the initiation codon and the 
trp leader Shine-Dalgarno sequence”, The 
PBR322-derived plasmid ptrpETA®' was 
“cleaved with HindHI and Xbal and the large 


Indole acrylic acid was added to a concentration 


Yields of adherent cells from peripheral blood were low and 
he levels of TNF produced were variable and donor-dependent; 
> therefore tested alternative induction schemes for the produc- 
on-of TNF from total PBLs (Table 1). An increase in cytotoxic 
ctivity was observed when the PBLs were co-stimulated with 
taphylococcus enterotoxin B, desacetyl-thymosin-a, and the 
mour-promoting agent 48-phorbol 128-myristate 13a-acetate 
MA). However, antibody neutralization experiments demon- 
rated that a significant portion of measured activity was lym- 
toxin. Therefore, we screened a number of transformed cell 
nes of haematopoietic origin for their ability to synthesize 
F. Activity which could be neutralized by anti-TNF anti- 
serum was detected following PMA treatment in two monocyte- 
ke cell lines, HL-60, derived from a promyelocytic leukaemia’, 
and. U-937, derived from a histiocytic lymphoma’? (Table 1). 
The HL-60 cell line consistently produced higher TNF titres 
00-400 U mi~! 24h after induction) than the U-937 cell line 
(<100 U ml”'). A time course of TNF synthesis by HL-60 cul- 
tures indicated that measurable activity was detected 2 h after 
PMA treatment (data not shown). Therefore the HL-60 cell line 
was selected for future experiments: supernatants were collected 
~24h after induction for protein purification and 4-h induc- 
tions were used when cells were collected for RNA isolation. 


NF cDNA clone identification 


Human TNF was purified to homogeneity from filtrates of 
PMA-stimulated HL-60 cell cultures (see ref. 16), A single 
component of M, 17,000 was observed when the purified TNF 
Was analysed by SDS-gel electrophoresis in reducing conditions. 
0 obtain amino acid sequence information, tryptic peptides of 
TNF were prepared and separated by reverse-phase HPLC. 
The. preliminary sequence Glu-Thr-Pro-Glu-Gly-Ala-Glu- 
‘Lys-Pro-Trp-Tyt-Glu-Lys was determined for the first tryp- 
fragment (TD-6) analysed. A single synthetic 42-base long 
cyoligonucleotide (42-mer) which could code for this amino 
id sequence was chemically synthesized for use as a hybridiz- 
tion probe. The design of the probe sequence (dGAAACCCCT- 
GGGGCTGAAGCCAAGC CCTGGTATGAAAAG) was 
ased on published human codon usage frequencies’? and the 
don bias of human y-interferon’®, tissue-type plasminogen 
ivator” and lymphotoxin’, The general usefulness of this 
long probe’ approach has been demonstrated recently by the 
dentification of several cloned genomic DNA sequences?” 
and cDNAs”, 


Synthetic DNA 


3 


met val arg se ser ser org thr 


5, CTAGAATT ATG GTA CGT TCT TCT TCT CGT ACT 
y TTAA TAC CAT GCA AGA AGA AGA GCA TGA GGCT 








trpETA 
EcoRI i bak Hinam 
isolate BOObp fragment Isolate ‘vector 
Ava}, Hind ii EcoRI 
Isolate 578bp fragment nt = Xba). 
4 $s 6 7 a 9 1? 
pio ser fe stop Hindi 
CCG AG Terence CTG TGA—— A 
Caa GAS ACT =m TTCGA 


| 
\ 


`N Pi “Hindi 


Tef 


| T4 DNA ligase 


«fragment recovered by electroelution. The Aval-Hindlll fragment and the two synthetic deoxyoligonucleotides were inserted into the plasmid 
.. PTNFtrp expression vector to give the plasmid pTNFtrp. The methods used to assemble the fr 
~ have been described previously'®”°. E. coli W3110/ pTNFirp was grown in M9 medium co 
of 20 pg ml~'. The cells were collected at Asso 

cell pellet was resuspended in 1 ml PBS, sonicated on ice for 30s and the resulting extract diluted in PBS for assay on L-929 cells!!. 





An oligo(dT)-primed HL-60 cDNA library of ~200,000 clones 
prepared in Agti0 (ref. 26) was screened with the *“P-labelled 
42-mer. The nine distinct phage which gave positive signals with 
this probe were hybridized with ‘induced’ and ‘non-induced’ 
“P-labelled cDNA probes!’ prepared using poly(A) mRNA 
obtained from 4-h PMA-treated and untreated HL-60 cultures, 
respectively. Seven of these recombinant phage DNAs hybrid- 
ized weakly to the induced probe but did not hybridize to the 
uninduced probe, as expected for authentic TNF cDNAs. 
Restriction endonuclease mapping indicated that these seven 
cDNA clones were related to each other and that the phage 
A42-4 contained the longest cDNA insert. 


TNF cDNA sequence 


We determined the sequence of the 1,300 base pair (bp) cDNA 
insert of phage A 42-4 (nucleotides 337- 1,643; Fig. 1). Alignment 
of the cDNA sequence with the 42-mer probe sequence gave 
the proper reading frame of the cDNA and demonstrated that 
it did indeed encode TNF. Of the 14 amino acids (residues . 
104-117, Fig. 1) assigned to tryptic peptide TD-6 on the basis 
of preliminary protein sequence, 13 were correct; the only dis- 
crepancy was in the last amino acid (position 117) where the 
cDNA sequence encodes a proline residue rather than the pre- 
dicted lysine. Despite this difference, the hybridization of the 
synthetic probe to the TNF cDNA clone was successful, as the 
42-mer matched the cDNA sequence in 34 of the first 38 posi- 
tions, including a stretch of 17 consecutive homologous nucleo- 
tides (nucleotides 711-727; Fig. 1). 

The assignment of valine (residue 1, Fig. 1) as the first residue 
of mature TNF was based on NH,-terminal protein sequence | 
analysis of the intact molecule ( Val-Arg-Ser-Ser-Ser- - -)'®, There : 
are 156 amino acids ehcoded after this valine before an in-phase 
termination codon occurs. The coding region of TNF is followed 
by 792 nucleotides of 3’ untranslated sequence containing the’ 
hexanucleotide AATAAA (position 1,630-1,635) which pre- 
cedes the site of polyadenylation in most eukaryotic mRNAs”, 

Additional confirmation that this sequence codes for TNF 
was obtained by determining the amino acid sequence of nine: 
tryptic peptides of natural HL-60 TNF and several peptides 
generated by digestion with S. aureus V8 protease and chy- 
motrypsin'®. The M, of 17,356 calculated for the mature TNF 
monomer from the cDNA sequence agrees closely with the value 
obtained for natural TNF by SDS-polyacrylamide gel elec. 
trophoresis and amino acid composition’. These results and _ 










































: Table 2 Necrosis of MethA sarcoma. in vivo by TNF 





Necrotic response 
+++ ++ + 
No. of mice 


i 





Treatment 


PBS, it. 0 I I 9 
PBS, i.p. 0 0 1 4 
PBS, i.m. 0 0 l 4 
E. coli LPS, i.l. 0 0 l 9 
HL-60 TNF, il. 5 l 1 0 
rTNF, il. 7 5 0 0 
rTNF, i.p. 2 l 2 0 
rTNF, im. 2 2 I 0 


‘(BALB/cxC57BL/6)F, female mice were injected intradermally with 
205X10 BALB/c MethA sarcoma cells. Ten days later, the tumours 
_ (0.75 cm average diameter) were injected intralesionally (il, 1x10° U), 

 intraperitoneally (i.p., 5x10° U) or intramuscularly (i.m., 5x 10° U) with 
TNF in a total volume of 0.1 ml PBS. At 24h after TNF treatment the 
“tumours were excised, sectioned and scored for haemorrhagic necrosis 
by visual and histological examination as described previously’. In the 
‘maximum response (+++) 50-75% of the tumour mass is markedly 
‘necrotic after 24h; ++ denotes a moderate response, that is 25-50% 
: haemorrhagic necrosis; +, a minimal response of <25% haemorrhagic 
“necrosis; =, tumours showed no visible necrosis. Natural TNF was 
> purified feorh HE-60 cultures as described elsewhere'®. Recombinant 
i TNE (tTNF) was purified from E. coli W31 10/pTNFtrp to a purity of 
95% and a specific activity of ~10° units mg”! (T. Bringman, unpub- 
“dished results). 


















the absence of any potential N-glycosylation sites in the deduced 
amino acid sequence suggest that TNF is not a glycoprotein. 
These data suggest also that TNF may occur naturally in multi- 
meric form, as the M, estimated previously for human TNF 
ranged from 34,000~ 140,000 (refs 6, 28). There are two cysteine 
< residues (positions 69 and 101) in TNF which are probably 
_. involved in a single intramolecular disulphide bond’®. 
<- The cDNA clone 442-4 contains the entire coding region of 
mature TNF but lacks a complete signal peptide coding sequence 
< and initiation codon. To obtain the missing sequence informa- 
tion, a specifically-primed cDNA library was prepared (see Fig. 
1 legend) and screened with the >2p.Jabelled 442-4 cDNA insert. 
A cDNA clone (A16-4) was identified which contained an insert 
extending 337 bp further 5’ than the 442-4 insert (Fig. 1). 
¿o sFrom an analysis of the TNF cDNA sequence, it seems that 
TNF is synthesized initially as part of a larger precursor (pre- 
STNE): Starting at the 5’ end of the cDNA, 125 nucleotides of 
non-translated sequence are followed by a methionine codon 
and an open reading frame of 233 amino acids. This AUG is 
preceded by termination codons in all three frames, suggesting 
i that it is the initiation codon. Furthermore, the sequence context 
of this AUG conforms closely to the CC&6CCAUGG proposed” 
-asa Consensus sequence for eukaryotic initiator sites. 
The presequence of 76 residues is most probably involved in 
othe secretion of TNF as it is not observed on the mature TNF 
i polypeptide and contains an unusually long hydrophobic region 
“of 26.amino acids (residues —46 to ~21). Typically, signal 
peptides involved in protein secretion are only 20-30 amino 
acids long” 31 However, a niga sequence for the Rous sarcoma 
virus envelope glycoprotein“* is atypically long (63 residues) 
and contains also many charged amino acids at its amino ter- 
i Minus, such as pre-TNF. It is interesting to note the presence 
_ of Arg-Arg and Lys-Lys dipeptides in the first 30 amino acids 
of the TNF pre-sequence, as pairs of basic amino acids often 
serve as cleavage sites for the release of physiologically-impor- 
tant peptides from precursor molecules*?~**. 
_ We used the *?P-labelled A42-4 cDNA insert to examine TNF 
gene structure and mRNA size. Results from Southern” 
hybridizations indicate that only a single gene for TNF is present 
in the human genome. Northern hybridization analysis shows 
at a single mRNA species ~18S in size is synthesized in 
PMA-induced HL-60 cultures and BCG/LPS-treated 
macrophages isolated from human PBLs. This provides addi- 
tional evidence that the same cytotoxin is produced from both 
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Fig. 3 SDS-polyacrylamide gel electrophoresis of human TNF 

synthesized in E. coli. E, coli K-12 strain W3110, transformed with 
pTNFtrp or pBR322, was grown in M9 medium containing 
S pg ml”! tetracycline. Cells were collected, lysed in 2% SDS, 1% 
8-mercaptoethanol and precipitated with 10 volumes of cold: 
acetone. Samples were electrophoresed on a 12.5% SDS-polyacryl 
amide slab gel using the buffer system of Maizels*’ and the gel. 
stained with Coomassie brilliant blue. The left lane contains protein 
M, standards (x107*): phosphorylase b (92,500), bovine serum 
albumin (66,200), ovalbumin (45,000), carbonic anhydras 
(31,000), soybean trypsin inhibitor (21,500) and lysozyme (14,500) 
Lanes a, f, cell lysates of E. coli W3110/pBR322; lanes. b, é, cel 
lysates of E. coli W3110/pTNFtrp; lane c, partially purified hum: 
TNF isolated from the HL60 cell line'®; lane d, mixture of thg 
coli W3110/pTNFtrp cell lysate and the HL60-derived, purified 

TNF. 


cell sources and suggests that the TNF cDNA sequence shown 
in Fig. | represents a nearly full-length copy of TNF mRNA: 
No hybridization was detected to mRNA isolated from unin 
duced cultures (data not shown). 


TNF synthesis in E. coli 


Proof that the cDNA described here encodes TNF requires th 
demonstration that it can direct the synthesis of a gene product 
with the properties of authentic human TNF. To allow charac 
terization of the protein encoded by the cloned cDNA, we 
engineered the TNF cDNA sequence for direct expression i 
E. coli (Fig. 2). In the resulting expression plasmid, pTNFtt 
the TNF DNA sequence is under the transcriptional control of: 
a 300-bp DNA fragment of the E. coli trp operon containin 
the trp promoter, operator and Shine-Dalgarno sequence of 
trp leader peptide. 

Total extracts of E. coli K-12 strain W3110 transformed with 
pTNFtrp contained a prominent polypeptide with an apparen 
M., 17,000 (Fig. 3, lanes b, e). This protein is not visible in cells 
transformed with pBR322 (lanes a, f), strong evidence thatit 
represents the translational product of the TNF cDNA sequene 
Furthermore, this protein co-migrates with authentic TNF (lane 
c) isolated from the HL-60 cell line (lane d), suggesting that 
no significant post-translational processing of TNF occurs in. 
the HL-60 cell line. This is unlike lymphotoxin and y-interferon,. 
both of which occur naturally as heterogeneous glycoproteins: 
as a consequence of N-terminal’? and C-terminal” proteolysis, 
respectively. a 
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Fig. 4 Comparison of the amino acid sequence of human TNF 
with human lymphotoxin'?'*. The sequences have been aligned 
to give maximal homology by introducing two gaps (indicated by 
dashed lines) into the lymphotoxin sequence. Identical amino acids 

te boxed, The numbers above each row (1-157) and below each 
‘tow (1-171) indicate the amino acids of mature TNF and lym- 
; photoxin (LT), respectively. : 








‘Verification of the bacterial production of biologically-active 
F- was obtained by assaying extracts of E coli 
110/pTNFtrp for cytolytic activity in the murine L-929 
fibroblast assay'’. Approximately 300,000 units of activity were 
ected per ml of culture at Asso = 1, whereas no activity was 
observed in E. coli W3110/pBR322 controls. This corresponds 
to ~3mg of active TNF per 1 (Asso=1) or about 300,000 
molecules of active TNF per cell if a specific activity of 10° 
units mg”! (ref. 16) is assumed. The activity was neutralized by 
ntiserum prepared against partially purified PBL-derived TNF, 
ut was not neutralized by preimmune serum or rabbit anti- 
human lymphotoxin antibodies (data not shown). 


In vivo necrosis activity 


NF is generally defined as a cytotoxin released by BCG/LPS- 
eated macrophages which induces the haemorrhagic necrosis 
f methylcholanthrene-induced (MethA) sarcomas in BALB/c 
mice, Therefore, we examined recombinant human TNF 
irified from E. coli and natural human TNF from PMA- 
nduced. HL-60 cultures for in vivo tumour necrosis activity in 
MethA assay’. Both recombinant and natural TNF samples 
licited significant necrotic responses, regardless of whether the 
F was. injected intralesionally or systemically (Table 2). 
Minimal or no necrosis of the MethA sarcoma tumours was 
bserved in mice injected with either phosphate-buffered saline 
PBS).or 100g E. coli LPS, These results, taken with the 
body neutralization and Northern hybridization data, pro- 
de further evidence that the cytotoxin described here is human 


fomology to lymphotoxin 


e known. in vivo and in vitro biological activities of TNF and 
lymphotoxin are very similar?”"3. TNF and lymphotoxin are 
now known to be antigenically distinct molecules’. it has thus 
become common to distinguish these two lymphokines on the 
basis of the-cell populations responsible for their synthesis. We 
have compared the amino acid sequences of human TNF and 





Lymphotoxin has 18 more NH;-terminal amino acids than 
TNF (Fig. 4), suggesting that this region is not required for 
cytotoxic activity. In fact, a 148 residue lymphotoxin, consisting 
of amino acids 24-171 of mature lymphotoxin, and having 
similar cytotoxic effects on L-929 cells, has been isolated from 
the RPMI-1788 cell line''-’*. It is also interesting that amino 
acids 67-109 of TNF are unrelated to the corresponding region 
of lymphotoxin; only two of 43 residues are identical. This 
region includes all of the amino acids spanned by the Cys 69--Cys .. 
101 disulphide bridge of TNF. One possible role for this non- 
conserved region could be to position correctly the two sur- 
rounding homologous regions in a conformation essential for 
cytotoxic activity. Such positioning, which could be achieved 
by a TNF disulphide bond, may require a very different sequence 
of amino acids in lymphotoxin, where no disulphide bond exists. 
These apparently unrelated regions of TNF and lymphotoxin 
might specify also as yet undiscovered differences in biological 
activities and/or target sites between the two molecules. The 
availability of efficient expression systems for TNF and lym- 
photoxin'’, in combination with the techniques of site-directed. 
mutagenesis”’, will make it possible to address questions of this 
type directly. 
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and Dr Richard Harkins for helpful suggestions. G.E.N. dedi- 
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mRNAs from one gene pos alternative RNA splicing 


Hiroyuki Nawa, Hirokazu Kotani & Shigetada Nakanishi 
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A novel mammalian neuropeptide, the tachykinin substance K, is specified by a discrete genomic segment. Alternative 
RNA splicing generates two distinct mRNAs encoding the neuropeptide substance P alone or with substance K from a 
_single preprotachykinin gene. Relative amounts of the mRNAs vary in different tissues, suggesting that the substan ce 
K-encoding sequence is regulated in a tissue-specific manner. 































SUBSTANCE P is one of the best characterized neuropeptides 
< insmammalian tissues; several lines of evidence suggest that it 
 acts.as a neurotransmitter or neuromodulator in primary sensory 
i urones'. ‘Substance P belongs to a family of related peptides, 
he ti chykinins, and is thought to be the only member of this 
amily present in mammalian tissues’. Recently, we elucidated 
the entire primary structures of two types of bovine brain subst- 
ance P precursors (a- and B- preprotachykinins) by determining 
their cloned cDNA sequences’. 8-Preprotachykinin (8-PPT) 
contains not only the substance P sequence but also a novel 
tachykinin sequence designated substance K, whereas a-prepro- 
«tachykinin (@-PPT) lacks the latter sequence, containing only 
substance P. The decapeptide substance K has been found 
independently as neurokinin a, a gut-contracting peptide in 
porcine spinal cord*. The chemically synthesized substance K 
peptide “possesses biological activities characteristic of the 
tachykinin. family, but is considerably more potent than sub- 
¿Stance P in some pharmacological tests**. Substance K thus 
represents a second type of mammalian tachykinin which may 
-have a physiological role different from that of substance P in 
mammalian organisms. 
‘The two PPT mRNAs exhibit an interesting structural relation- 
“ship. They have complete identity in their 5’ and 3’ sequences 
-and differ only in the insertion/ deletion of the sequence coding 
‘for the. substance K region’, This characteristic structural 
relationship poses intriguing questions. about the gene organiz- 
ation for these two mRNAs and the regulation for the generation 
of the two biologically different mammalian tachykinins. Our 
present investigations thus concern the structural organization 
of the PPT gene and the distribution and regulation of the two 
PPT mRNAs in the nervous system and peripheral tissues. We 
report here that the sequence specifying the substance K region 
-is‘encoded by a discrete genomic segment, and that both a- and 
_B-PPT mRNAs arise from a single gene by alternative RNA 
£ splicing events. We also present evidence indicating the tissue- 
or. specife regulation of the PPT gene for the differential generation 
“of the two PPT mRNAs. 


PPT gene organization 
Genomic clones containing the bovine preprotachykinin gene 
were isolated from a bovine genomic library by hybridization 




































genomic DNA fragments were arranged into an approximat 
36 kilobase-pair (kbp) length of a continuous genomic: DN. 
(Fig. la, see Fig. | legend for experimental details of cloning 
Nucleotide sequence analysis was performed on DNA fragmen! 
containing exons and their surrounding regions (Fig. 1 b 
Comparison of the genomic DNA sequence with the cDN 
sequence enabled us to construct a structural organization of 
the bovine PPT gene (Fig. Ig). Intron A (403 base pairs, Sp) is 
inserted within the segment encoding the 5’-untranslated region 
of the mRNA, 9-10-bp upstream from the translational initiation 
site. Introns B (~1.0 kbp), C (~450bp), D (~460bp), E 
{~1.4 kbp) and F (~3.6 kbp) all interrupt the protein-encoding 
region of the gene. The sequences at the exon-intron boundaries 
are consistent with the splice junction sequences observed for 
other genes’. Exons 2-7 consist of 132, 97, 45, 24, 54 and 596 P, 
each encoding the protein sequence corresponding to the signal 
peptide, substance P, two spacer sequences, substance K, an 
the C-terminal sequence, respectively. It is remarkable that exo: 
6 precisely specifies the substance K region missing in .a-PPT, 
Because blot-hybridization analysis of total cellular DNAs (data 
not shown) as well as the genomic cloning described above 
showed that no more than one PPT gene is present in the bovine 
genome, we conclude that both a- and B-PPT mRNAs: 
produced from a single gene as a consequence of alternative 
RNA splicing events: 
The 5’ termini of the PPT mRNAs were identified by: S; 
nuclease mapping and primer extension analyses (Fig. 2). Both 
analyses revealed a length heterogeneity at the 5’ end of 
the PPT transcripts. The major 5’ termini of the PPT mRNAs 
mapped at 106-108, 110 and 111 bp upstream from the 3’.end 
of exon | (Fig. 1g). Several minor mRNA species starting further 
upstream were also observed and these 5S’ termini mapped 
roughly 132, 133, 137 and 146 bp upstream from the 3’ end of 
exon |. In support of these assignments, we found that three of 
the four cDNA clones isolated previously’ (clones p$P301;30 
and 306) contained the extreme 5’ sequences corresponding 
the major 5' ends, while the remaining one (clone pSP307 
extended its 5’-terminus up to one of the minor 5’ ends. Based 
on the assignments of the 5’ termini of the PPT mRNAs; we 
conclude that the bovine PPT gene is ~8.4 kbp long... 
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Fig.l a, Restriction mapping of cloned bovine genomic DNAs containing the PPT gene: b-f, strategy of determining the genomic sequence; 
g, nucleotide sequence of exons and their surrounding regions of the bovine PPT gene. a, All EcoRI (E), Hindili (H), BamHI (B) and. Bell 
-(G/sites present between the 5’-terminal Bglll and 3'-terminal HindI1I sites indicated are displayed in the map. For reference, the locations 
of tbe exons (1-7) are indicated by closed boxes. In b-f, only relevant restriction sites are indicated: strategy for sequence determinations 
_Shown by. horizontal arrows under the restriction maps. g, The nucleotide sequence of the message strand, together with the deduced amino 
acid sequence of 8-PPT, are indicated; exons are boxed. Triangles above the sequence indicate the 5’ ends of the major mRNAs. An A+ T-rich 
egion in the S’-flanking sequence is underlined. 

. Methods:.A bovine genomic library was constructed according to the procedures described previously”! 
and purified by CsCl density gradients. DNA partially digested with EcoRI was fractionated on 10- 

of 13-20 kbp were collected. 2.5 ug of the bovine DNA was ligated with 5.0 pe of the A Charon 4A 
vitro into viable phage”? which were screened by hybridization”? 
used was the 918-bp Hpall-Rsal fragment derived from clone p 
~6 X107 plaques, and overlapping clones were aligned by restricti 


. DNA was extracted from calf thymus 
% sucrose gradients, and DNA fragments 
arms”’. The ligated DNA was packed in 
with a cDNA probe labelled by nick-translation®®. The hybridization probe 
$P307 (ref. 3). Eight hybridization-positive phage clones were isolated from 


on endonuclease mapping and blot-hybridization analysis with cDNA probes. 
ppropriate restriction fragments that covered all the regions of the PPT gene were isolated from clones AbSPI1 and AbSP20 and subcloned 


into plasmic pBR322 for further restriction mapping and nucleotide sequence analysis**. For blot-hybridization analysis of both bovine calf 
hymus and striatal cellular DNAs, the 1,066-bp Rsal fragment derived from pSP307 (ref. 3) was used as a probe. Hybridization-positive 

fragments exhibited by both of the cellular DNAs agreed with those anticipated from the restriction map, and no other hybridization bands 
S were detected. 





In the 5’-flanking region of the PPT gene, the sequence 5'- 
TAAATA-3' was found at about 25 nucleotides upstream from 
he major 5’ ends of the PPT mRNAs. Although this: sequence 


major transcription initiation sites. An A residue is generally 
preferred as a capping site for transcription initiation’. There- 
fore, a microheterogeneity of the major 5‘ ends of the PPT 
A+ T-rich, it differs from the canonical ‘TATA’ box which is mRNAs may reflect an imprecision in the polymerase nucleotide 
believed to be involved in specific transcription initiation’. selection mechanism and the ‘possible use of the multiple cap- 
Furthermore, a stretch of A residues was observed around the ping sites. 






































Relative levels of PPT mRNAs and relative amounts of œ- 
i B-PPT mRNAs in bovine nervous system and peripheral tissues 












ee B-PPT mRNA/ 
Region or tissue assayed PPT mRNAs a-PPT mRNA 
Trigeminal ganglion 100 0.65 (0.49) 
Caudate nucleus 70 0.29 (0.31) 
Putamen 42 0.29 (0.33) 
Olfactory bulb 32 0.83 (0.48) 
-Midbrain 20 0.28 (0.28) 
9 0.31 (0.33) 
6 0.38 (0.30) 
5 0.26 (0.24) 
2 ND (0.30) 
<i ND (0.28) 
2 >30 (> 30) 
2 9 (5) 
i 7 (4) 


e relative levels of PPT mRNAs in the brain region and peripheral 
tissues (left-hand column) are expressed as per cent of that in the 
trigeminal ganglion. Besides the above tissues, a little of the PPT mRNAs 

as identified in the adrenal medulla and none of the PPT mRNAs 
were detected in the bovine kidney, liver, urinary bladder or submaxil- 
land: The ratios of 8-PPT mRNA to a-PPT mRNA measured 
h 3’-end-labelled cDNA probe are presented in the right-hand 
mn; values in parentheses indicate results obtained with 5’-end- 
labelled cDNA probe. ND, not determined because of faint bands. The 
relative levels of PPT mRNAs and the relative amounts of a- and 8-PPT 
“mRNAs were quantitated by densitometric scan analysis of autoradio- 
graphs of RNA blot-hybridization and S, nuclease protection analyses 
respectively. The RNA blot-hybridization analysis was performed as 
described previously? using total RNA (40 wg) extracted”? from various 
bovine brain regions and peripheral tissues; the hybridization probe 
“used (~1.0X 10% ¢.p.m. pg™’, 10 ng mI~') was the 1,066-bp Rsal frag- 
"ment derived from pSP307 (ref. 3) and labelled by nick-translation”®. 
«The 'S, nuclease protection assays were carried out as described for 
Fig. 4. In both RNA blot-hybridization and $, nuclease protection 
ses, the densitometric scan analysis was adjusted for the time of 
ure such that each band analysed was within the linear portion 
the exposure. The values given are based on multiple independent 
“experiments. 


Distribution of PPT mRNAs 


To investigate the tissue. distribution of bovine PPT mRNAs 
_and their regional distribution in the brain, RNAs isolated from 
o various tissues and brain regions were analysed by blot-hybridiz- 
ation techniques. Because a- and B-PPT mRNAs did not separ- 
ate on agarose gel electrophoresis (data not shown), the sum of 
the PPT mRNA levels were quantified by scanning densitometry 
_ of autoradiographic exposures of the blot-hybridization analysis 
> (Table 1, left column). 
~ Previous studies combining surgical manipulations with 
<. immunohistochemistry identified various substance P-projecting 
neuronal pathways in the central and peripheral nervous sys- 
-- tem*. Figure 3 illustrates schematically the relationship between 
the major substance P-projecting pathways in the brain and the 
regional distribution of the PPT mRNAs determined in the 
present study. We find good correlation between the regions or 
nuclei that exhibit high levels of PPT mRNAs and those project- 
‘ing the substance P-containing fibres. Because these regions 
express a-PPT mRNA over B-PPT mRNA, the substance P 
immunoreactivity identified in these regions may reflect mainly 
the peptide derived from a-PPT. It is thus possible that some 
~ of the substance K peptide derived from 8-PPT may be transpor- 
“ted to different nerve terminals as a neurotransmitter or 
“neuromodulator for a different neuronal. communication. 

















































<> Expression of the PPT gene 

‘To examine possible differences in the expression of the two 

_ mRNAs in the central nervous system (CNS) and in peripheral 

sues, we next investigated the relative amounts of bovine a- 

nd B-PPT mRNAs in various tissues and in various brain 

-regions by Sy nuclease protection analysis. Two cDNA probes 
were used for this analysis (Fig. 4c, d), and the results obtained 























Fig. 2 Identification of the 5‘ termini of bovine PPT mRNAs by 
S, mapping and primer extension analyses. An autoradiograph | 
shows the chemically degraded products used as a chain length 
marker (five left lanes), the S, digestion products using yeast tRNA. 
(lane 1) and striatal poly(A) RNA (lane 2) and the primer-extended 
cDNAs using striatal poly(A) RNA (lane 3). ` 
Methods: Poly(A) RNA was isolated from bovine striata’. The 
Neil fragment containing most of the exon | sequence and its. 
5'-flanking sequence (Fig. 1b) was isolated from the 2.6-kbp. 
BamHI fragment containing exons | and 2, labelled with 2p at 
the 5’ ends and cleaved by Haelll or Fnu4HI. The 332-bp Neil- 
Haelll fragment (15 fmol, 1.0 10° c.p.m.) and the 38-bp Neil- 
Fnu4HI fragment (15 fmol, 1.0 x 10$ c.p.m.) were used for 8, map: 
ping’ and primer extension analyses”, respectively; both: DNA 
were labelled at the same Neil site present 17 nucleotides upstream 
from the 3' end of exon | (Fig. 1g). The S, digestion products and 
the primer-extended cDNAs were electrophoresed paralle i 
chemically degraded products of the 332-bp Ncil- Haelll fragme 
on 8.3 M urea/8% polyacrylamide gel. ee 














Fig.3 The relationship between the regional distribution of PPE- 
mRNAs and the major substance P-projecting pathways. Accord- 
ing to the relative levels of PPT mRNAs in various brain regions... 
presented in Table 1 (left column), the regions which exhibit high 
levels of PPT mRNAs are classified into three groups: black area, 
100 (the trigeminal ganglion); shaded area, 20-70; dotted area, ` 
5-9, The major substance P-projecting pathways are based on data 
reviewed in ref. 8: TG, trigeminal ganglion; OB, olfactory. bulb; 
MFC, medial frontal cortex; CN, caudate nucleus; Pu, putamen; 
T, thalamus; A, amygdala; HT, hypothalamus; MB, midbrain; P, < 
pons; MO, medula oblongata; stb, bed nucleus of stria terminalis; 
S, lateral septal area; sn, substantia nigra; tld, nucleus latero- 
dorsalis tegmenti; tn, spinal nucleus of trigeminal nerve; r, raphe 

nuclei; LSC, lumbar spinal cord. 








nuclease protection analysis of PPT 

As. a; b; Autoradiographs of c d, c, d, 
diagrams of the S, nuclease-resistant DNA 
fragments (thick lines) in the protection assays 
using 3’- and 5’-end-labelled cDNA probes. a, 
RNAs analysed as follows: lane 1, caudate 
:nucleus; lane 2, putamen; lane 3, 
hypothalamus; lane 4, amygdala; lane 5, mid- 
brain; lane 6, medulla oblongata; lane 7, olfac- 
tory bulb; lane 8, trigeminal ganglion: lane 9, 
thyroid; lane 10, duodenum; lane 11, small 
intestine; lane 12, liver (control). M, YP- 
labelled markers of Hinfl-digested pBR322 
DNA. b, The following RNAs were used: lane 
> 1, hypothalamus; lane 2, trigeminal ganglion; 
“Jane 3, thyroid; lane 4, small intestine; lane 5, 
liver (control). M, markers. c, d, Open boxes 
and double lines at the top indicate the cDNA 
_-Sequences and their flanking vector sequences, 
respectively; the numbered boxes indicate the 
corresponding exon sequences, and the dotted 
boxes encode the substance P (SP) substance 
K (SK) sequence. The asterisks denote the 77P- 
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labelled sites. nt, Nucleotides. ASN # 
Methods: a, The ~750-bp HindIII-Dral frag- eae + 
ment containing a portion of the B-PPT cDNA ul : : 


sequence and its flanking vector sequence was 


ith use of the 3’- and 5’-end-labelled cDNA probes are presen- 
sd in Fig. 4a and b, respectively. The analysis with the former 
DNA probe gave rise to three RNA-protected bands with 
imated sizes of 360, 314 and 245 nucleotides. The former two 
izes corresponded to those representing the cDNA fragments 
rotected by B- and a-PPT mRNAs, respectively. The appear- 
ce of the 245-nucleotide fragment on this $, nuclease analysis, 
however, was unexpected. The size of this fragment correspon- 
led. to the distance between the 3’-end-labelled Hpall site and 
he 3’ end of exon 3. This coincidence suggests that splicing at 
he 3’ end of exon 3 may occur in the expression of the PPT 
ene, and that this different mode of RNA splicing may generate 
third PPT mRNA. The analysis using the 5’-end-labelled cDNA 
probe, however, revealed two and not three RNA-protected 
bands, and the sizes of these two bands (504 and 314 nucleotides) 
orresponded to those representing the cDNA fragments protec- 
ted by B- and aw-PPT mRNAs, respectively. If the third PPT 
MRNA indeed exists in various tissues, the absence of the 
‘corresponding protection band on the second S, nuclease analy- 
sis may imply that there is an unidentified acceptor splice site 
for the formation of the third PPT mRNA. Another possible 
explanation is that the S, nuclease-resistant fragment protected 
by the third PPT mRNA by chance overlaps with the ~380 
ucleotide band observed in the control lane. If so, the size of 
is fragment suggests that the acceptor splice site for the forma- 
on of the third PPT mRNA is located at the 5’ end of exon 5. 
owever, further characterization of the possible third PPT 
RNA remains to be determined. 
Densitometric scannings of the autoradiographs of the S, 
uclease protection analyses enabled us to quantitate the relative 
mounts of a- and B-PPT mRNAs in the bovine nervous system 
and peripheral tissues irrespectively of the third PPT mRNA 
Table 1, right column). There is a good agreement between the 
alues obtained with the two different probes. Table 1 shows 
clearly that there are marked variations in the relative amounts 
of a- and B-PPT mRNAs among the various tissues tested. The 
level of a-PPT mRNA is two to three times higher than that of 
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isolated from clone pSP302 (ref. 3) and subcloned into pBR322 at the HindIH and Puull sites (clone pPPT,>). pPPT,, DNA was digested 
with Hpall and was **P-labelled at the 3’ ends with [a-**P] dCTP. The 415-bp Hpall fragment was isolated and used as a probe. This probe 

contained the nucleotide sequence complementary to 360 nucleotides of 8-PPT mRNA and 55 nucleotides of the vector sequence. The probe 
(6.3 fmol, 4.0 x 10* c.p.m.) was denatured, hybridized to total RNA (40 yg, lanes 1-8, 12) or poly(A) RNA (40 wg, lanes 9-11) and digested 
with S, nuclease (10 U per yg RNA). b, The 661-bp PstI fragment containing a portion of the 8-PPT cDNA sequence was isolated from clone ` 
pSP307 (ref. 3) and subcloned into pBR322 (clone pPPT,,). pPPTg, DNA was digested with Taql, *?P-labelled at the 5’ ends and cleaved 
by Rsal. The 738-bp Taql-Rsal fragment used as a probe contained the nucleotide sequence complementary to 504 nucleotides of B-PPT . 
mRNA and 234 nucleotides of the vector sequence, The probe (17 fmol, 1105 c.p.m.) was denatured, hybridized to poly(A} RNA (10 pg) 
and digested with S, nuclease (10 U per pg RNA). The S, digestion products were electrophoresed parallel to the markers on 8.3 M urea/8% 
‘polyacrylamide gel. Exposure time for lanes 3-5 is three times longer than that for lanes 1-2 in b. 


B-PPT mRNA in the nervous system. In peripheral tissues, this 
relation of the two mRNAs is completely reversed and the level 
of B-PPT mRNA is considerably higher than that of a-PPT 
mRNA. This is particularly remarkable in the thyroid gland 
where virtually no a-PPT mRNA was detected (Fig. 4a, lane 
9; b, lane 3). The observed tissue-specific variations in thé’. 
relative amounts of the two mRNAs are independent of the’ 
levels of the PPT mRNAs (Table 1). The CNS exhibits an almost 
constant ratio of the two mRNAs in spite of the marked differen- 
ces in the levels of the PPT mRNAs, with the exception of the 
olfactory bulb. We therefore conclude that the expression of 
the two PPT mRNAs is regulated in a tissue-specific manner: ` 
via the specific inclusion or exclusion of a peptide-coding 
sequence by means of different RNA splicing events. 

Figure 5 schematically illustrates the expression of the two 
PPT mRNAs. a-PPTmRNA is mainly synthesized in the 
nervous system and codes for the substance P-containing precur- 
sor, whereas B-PPT mRNA is produced in both the nervous 
system and some peripheral tissues and codes for the substance 
P--and substance K-containing precursor. The two mammalian 
tachykinins substance P and substance K exhibit markedly 
different biological activities on a wide range of mammalian’ 
tissues™*; such differences can be ascribed to the existence of 
at least two types of the tachykinin receptors, termed SP-P and 
SP-E receptors™”. The two receptors are supposed to have differ- 
ent affinities for substance P and substance K and to bedis- 
tributed differently in various mammalian tissues. Thus, through. | 
the selectivity of the two tachykinin receptors, the differential 
expression of the two mRNAs from the single PPT gene would 
ultimately produce different physiological responses in the CNS 
as well as in peripheral tissues. 


Conclusions 


Examples of alternative RNA splicing for the generation of 
several mRNAs from a single gene have been reported for some 
viral systems'*''' and cellular genes'?~?'. Apart from viral genes, | 
examples of sequence differences between mRNAs from a single. 
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are shown in parentheses. 









“gene predominantly concern differences in the 5’ and 3’ ends of 
the mRNAs'2"'’. In these cases, the generation of different 
RNAs could result from the use of alternative promoters or 
olyadenylation sites. In contrast, the PPT gene represents a 
novel example in which differential splicing events seem to be 
independent of alternative promoters or polyadenylations. The 
Jusion-or exclusion of a separated exon sequence by alterna- 
tive splicing, as described here, has been reported for the 
Drosophila myosin gene” and the murine a A-crystallin gene’!. 
In the previously reported cases, however, it has not been clear 
whether alternative splicing events serve any functions. The PPT 
gene thus provides an intriguing system in which the inclusion 
= ior exclusion of a whole exon sequence by alternative RNA 
splicing events leads to the production of functionally different 
polypeptides. 
~The structure of the PPT gene and its RNA products strongly 
“suggest that the true regulation of splicing choice takes. place 
“inthe PPT primary transcript and that this molecular mechanism | 
-zis responsible for the observed tissue-specific alteration in the 
“expression of the two PPT mRNAs. Such splicing regulation 
wuld arise from changes in enzyme specificity, small nuclear 
RNAs and other factors affecting the splicing process. The 
“change of the chromatin structure or the modification of the 
_gene’structure may also affect the accessibility of the splicing 
machinery to a splice site. Another mechanism could involve 
the transcription initiation at different sites affecting a splice 
site of the PPT primary transcripts. This possibility seems 
unlikely because we identified the same multiple transcription 
initiation sites for both a- and B-PPT mRNAs on S, nuclease 
"mapping analysis (data pot shown). A further possibility is that 
although all the nucleotide sequences of the exon-intron junc- 
tions of the PPT gene agree with the consensus sequence found 
at the exon-intron boundaries of other genes’ (Fig. 1g), a small 
“rearrangement of the gene structure or nucleotide changes in 
the gene may occur and change a splice site of the primary 
script. 
é observed tissue-specific variations in the relative amounts 
f the two PPT mRNAs raise interesting questions about what 
types of cells express PPT mRNAs as well as whether there is 
cell-type-specific regulation of their expression. It was shown 
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Fig. 5. Schematic:representation of alternative RNA splicing pathways in the expression of the PPT gene. In the structure of the PPT gene, 
““Humbered boxes and those indicated as SP and SK stand for the corresponding exons and the exons encoding substance P (exon, 3) and 
substance K. (exon 6), respectively. Tissues in which 8-PPT mRNA is predominantly expressed or both a- and B-PPT mRNAs are expressed, 
Amino acids under the protein structures indicate those involved in the proteolytic processing and the C-terminal 
amidation for the formation of substance P and substance K. i 
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previously that enterochromaffin cells are the main substan 
P-immunoreactive cells in the intestines”. Furthermore, 
medullary carcinoma of the thyroid was found to conta 
amounts of ‘substance P”, Thus, enterochromaffin ce. 
thyroid C cells may involve the predominant, expression 
B-PPT mRNA in the intestines and thyroid. Similarly, a pa 
ticular neurone may express either. æ- or B-PPT ¿mR 
throughout its lifetime, implying the presence of separate gr 
of neurones containing substance P alone or both substance P 
and substance K. Alternatively, a given neurone may be able to 
switch its pattern of PPT mRNA production during developmen 
or in response to external stimuli. These questions are importan 
for further understanding of the physiological role of the ma 
malian tachykinins. $ 
Specific neurones or sets of neurones may use a variety. 
peptides to communicate with one another and to express” 
invariant programme during development. Such informationa 
ability may have been expanded during evolution by the increas 
of the diversity of neuropeptides in several ways. These inclu 
gene duplication’, repetition of multiple neuropepti 
within a single precursor”? and alternative RNA processin 
in. combination with different polyadenylations and RN: 
splicing'®. We have presented here another novel example i 
which the diversity of neuropeptides can be increased by the. 
specific inclusion and exclusion of the internally separated ex 
sequence encoding the neuropeptide. The characteristic featur 
of this system is that the regulation of the inclusion/exclusion: 
of the peptide-coding sequence would ultimately change. the 
ratio of the combination of the biologically different peptide 
In addition, this system can simultaneously provide a mean 
for the coordinate synthesis of the different peptides under the 
control of a single promoter, once the peptides are encoded in 
a single transcription unit. The PPT gene thus represents an 
interesting model system not only for exploring mechanisms 
responsible for the tissue-specific regulation in the expression 
of the eukaryotic gene but also for understanding the molecular 
basis for the generation of the diversity of neuropeptides in. th 
neuroendocrine system. aes 
This investigation was supported in part by research. grants 
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(uclearites—a novel form 
f cosmic radiation 
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Witten (personal communication) has raised the intriguing 
ibility that nuclear matter consisting of aggregates of up, 
own and strange quarks in roughly equal proportions may be less 
massive than ordinary nuclear matter of the same quark number 
ing of protons and neutrons (triplets of non-strange quarks). 
These nuggets of strange quark matter may be stable for almost 
aryon number (A), including values intermediate between 
of ordinary nuclei (A £263) and neutron stars (A ~ 10°”). 
‘use the term ‘nuclearite’ to describe such strange quark nuggets 

pllision with Earth and suggest experiments to detect these 


Ordinary nuclear matter has an energy density of ~938 MeV 
er nucleon. Ordinary quark matter—a purely hypothetical form 


uons are not confined within individual nucleons—evidently 
las a higher energy density, for otherwise nuclei would decay 
fo. quark matter. Strange quark matter (consisting of equal 
imbers of up, down and strange quarks) differs energetically 
m ordinary quark matter in two ways: strange quarks are 
nsiderably heavier than ordinary quarks, which is why strange 
baryons are some 200 MeV heavier than nucleons. On the other 
hand, the Pauli exclusion principle acts so as to make strange 
ark matter more stable than ordinary quark matter. In a 
degenerate gas of massless quarks at zero temperature, the 
nergy per quark depends on the number of quark species, and 
n a three-flavour system (strange quark matter) it is estimated 
yy Witten to be ~90% of what it is in a two-flavour system. 
This additional (negative) symmetry energy may more than 
compensate the positive energy penalty associated with the 
strange quark mass. 

‘Farhi and Jaffe! have performed semiquantitative calculations 
yn the basis of the Massachusetts Institute of Technology bag 
odel. They find that single nuggets of strange quark matter 
e stable for a range of strange quark masses and strong 
ntum chromodynamic (QCD) coupling constants in accord- 
nce with phenomenological. estimates of these parameters 
‘xtracted from. hadron spectroscopy. In short, they are unable 
o decide definitely whether strange quark matter is stable or 
t. We may not conclude from the stability of nuclei that a 
bler form of nuclear matter does not exist. The transition of, 
*Fe into strange quark matter containing 168 up, down 
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f matter in which the constituent up and down quarks and_ 
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Fig. 1 The maximum possible cosmic flux of nuclearites F 

(km? yr™'{(27 sr)~') as a function of mass. Also shown are regions 

that would be excluded by the several experiments discussed in 

the text. (Of these, only the ‘mica’ limit corresponds to an experi- 
ment actually performed.) 


and strange quarks, in equal proportions, is a 56th-order weak 
interaction. Even if strange quark matter were stable, the lifetime 
of ordinary matter would be essentially infinite on cosmological 
time scales. 

Witten offers a tentative view of the early Universe in which 
a large fraction of the mass and baryon number of the Universe 
has survived in the form of nuggets of strange quark: matter 
(nuclearites) with radii R, between 0.1 and 10cm, appearing 
shortly after the Big Bang in the QCD transition from a quasi-free 
quark plasma to a cooler state where quarks are confined. 
Strange quark matter is nonluminous (not the stuff of ordinary 
stars) and did not participate in primordial nucleosynthesis. 
Primordial nuclearites may constitute the dark missing mass of 
the Universe and of the Milky Way. 

There may be more recent sources. What we regard as neutron 
stars may in fact consist. of strange quark ‘matter’. Collisions... 
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Fig. 2 The range of nuclearites as a function of their mass, as 
predicted by equation (5). 






olving these stars, or supernovae themselves, may liberate 
ieces of strange quark matter with a spectrum of sizes that is 
cult to guess. Nuclearites, or other unsuspected states of 
uclear matter, may exist in the Galaxy as remnants of the Big 
Bang or as debris of astrophysical catastrophes. 
Galaxies, our own included, contain significant non-luminous 
> mass’, possibly i in the form of nuclearites. The local density of 
c dark: matter is estimated to be ~10” gem. With chaotic 
elocities ~250 kms”! characteristic of the Sun’s galactic rota- 
, the local flux of: dark matter (an upper bound to the 
nuclearite mass flux) is ~2.5 x107" gem? 57! and the annual 
Earth infall is ~10° g. We assume that the entire flux consists 
only of nuclearites so as to'set minimum useful sensitivities on 
` experiments designed to discover cosmic nuclearites. If the mean 
mass of a cosmic nuclearite is M, the maximal cosmic flux is 
“piven by 
F=7.8(1g/M) nuclearites km? yr™'(27 sr) (1) 


_ Equation (1) is plotted in Fig. | along with regions excludable 
experiments we shall consider. 
The density of strange quark matter is estimated’ to be py = 
~ 3.6 10'* g cm™?, somewhat larger than that of atomic nuclei or 
neutron stars. Because strange quarks are heavier than the others 
and so disfavoured, the net-quark charge is positive and is 
compensated by electrons (negative charge). Nuclearites, small 
compared with the Bohr radius, resemble superheavy nuclear 
atoms with A<10'° and Z well beyond any published in a 
_ periodic table. The electron distribution of larger nuclearites 
extends beyond the nuclear boundary by at least an electron- 
- Compton wavelength. Nuclearites with galactic velocities are 
_ protected by their electron ‘atmosphere’ and coulomb repulsion 
from direct nuclear interactions with the atoms they may hit: 
_the-same is-true of nuclearites that have come to rest in matter. 
1¢ principal energy-loss mechanism for a nuclearite passing 
ugh matter is that of atomic collisions. As it traverses the 
medium, it displaces all the matter in its path by elastic or 
quasi-elastic eollisions with the ambient atoms. For a massive 







































nuclearite, as for meteorites’, the rate of energy loss i 
gy loss i 


dE ee 

see AA 

dx á 
where A is the effective cross-sectional area of the nuclearite, 
is its velocity, and p is the density of the medium. Thus, 
decreases exponentially with distance L according to 


A L 
v(L) = v(0) exp { -Af p ax} 


where M is the mass of the nuclearite. In the case of a nucle rit 
larger than an atom (Ro > | A), its cross-sectional area is simpl 
aRo. On the other hand, the effective area of a smaller nucle: 
is controlled by its electronic atmosphere which is never smalle 


































than ~1 A. Thus, we take 
P ee M=>1.5 ng, 
a X 107! cm? M <1.5 ng. 





Equation (2) breaks down at low velocity when the retardin 
force does not vanish but becomes equal (in a solid) to the fo 
by which the confining material resists interpenetration. 
integrity of rock persists up to pressures of 1,000 atm, corre 
sponding to a structural energy density e= 10° ergem™>, o 
=().1 eV per molecular bond. For subsonic velocities, v(L) < 
ve/p, the right hand side of equation (2) must be replaced 
the constant force ~eA, and from this point the nüclearite 
rather quickly brought to rest. 

From equation (2), and the subsequent discussion; we com 
pute the range of a nuclearite as a function of its mass 

































| “pdx =(M/A) In (v(0)/v,) 
£$] o 


o i x10'[M/1 ng] gem? M>1.5ng 
2.3 x10[M/lng]gcem? M <1.5ng 


From Fig. 2, we see that nuclearites heavier than 4x107'4 
penetrate the atmosphere while maintaining cosmic. velo: 
and those heavier than 0.1 g pass freely through an Eart 
diameter whose column density (see, for example, ref. 5) i 
1.1 x10 g em”. 

Cosmic nuclearites of low-enough mass will come to rest 
the Earth’s crust and accumulate therein. The effect of gravity 
cannot be neglected: if the Earth’s pull, Mg, exceeds the 
maximum static retarding force, £A, a nuclearite cannot com 
to rest, but will fall through the Earth. Nuclearites lighter hai 
0.3 ng will stop in the crust and can have developed an ob 
able concentration. The maximal cosmic: nuclearite flux 
by equation (1), over the course of the Earth’s 4.6- Gyr hi 
will have produced a crustal concentration of 107’ ‘by. 1 
Searches for these ambient nuclearites require judicious choi 
of materials (deep sea sediments, excreta, ...), methods of con 
centration (distillation, centrifugation) and detection technique 
(proton X-ray activation, mass spectroscopy, ...). The masse: 
of accumulated nuclearites can range from those of atomic nuc 
to the upper limit of 0.3 ng or A~2x10"*. A complete search 
probably requires the use of a variety of experimental 
approaches. Figure 1 shows the excluded region that wo 
resuit from a negative search for crustal nuclearites to 4 con 
centration of 107°, a feasible experiment not yet performed 

Cosmic nuclearites, in traversing a transparent medium | 
water or air will deposit some of their energy in the form’ o 
visible light. The fraction of dissipated energy appearing as ligh 
is called the luminous efficiency n. A lower bound on 7 can be 
deduced from simple thermodynamical arguments in which ligh 
is emitted as black-body radiation from an expanding cylindri 
thermal shock wave. The effective temperature of the shock 
depends on its radius, R, according to 


































































TO= (Ral ROO)? 


where m is molecular mass of the medium and n is the effectiv 












The rate of 





TSP 
iti n, we “use natural units where kerek 1, 
expansion of the shock is given by 


Rit) =f o) 
m 


characteristic of molecular velocities. From equations (6) and 
J}, we deduce 






R?(t) = (8)'7 ot Ry 
T(t) = (8)°'/? mvRo/ nt 


for the time evolution of the radius and the temperature of the 
shock, respectively. The integration constant is chosen in such 
fashion that the passage of the nuclearite takes place at the 
time to = Ro/ vv8. The thermodynamic description of the event 
s valid when R exceeds the mean free path l in the medium, 
corresponding to the time t, = (1/ Ro} to- 

The expanding hot cylinder emits black-body radiation with 
pectrum 


(8) 


dp w” l 
dw da (2m)? e*T ~] 
power (p) radiated per unit frequency (w) and per unit area 


(a): The total luminous energy radiated by the nuclearite per 
nit length of its trajectory is 


dE, (em i dp 
meet d dt 2rR(1 0 
dx Í gi | 4 ( ) To da a ) 


he limits on frequency correspond to the window of trans- 
cy of the medium, and fmin is the greater of ty and t,. For 
de transparency window and under circumstances such that 


TI) > Wmax (11) 


condition that is satisfied for the cases we consider— 
ation i ey be approximated by 





(9) 





W min min 


<= (6n°V2 2) 0/2 (m/n) arRo? (12) 


he luminous ies is obtained by comparing equations (2) 
nd (12), 


m= (6m N2 ollm nyp 
=2 X10 (homa (7 eV) (MW/18)?(3/n)”?lpw/p) 
(13) 


ere 7 eV is a typical visible photon energy, MW is the mean 
Olecular weight of the medium, n =3 is an estimate of the 
evant number of excited subnuclear degrees of freedom and 
w is the density of water. In highly purified water (homas = 
75V (see, for example, ref. 6 and refs therein)) we obtain 
310°, whereas in air, at atmospheric pressure, yn 4%. 
Note that équation (13) depends neither on the size Ry of the 
earite nor on its velocity provided that equation (11) which 
ay be written 
$ 2 
M > (If Ro} Omax (14) 


valid.: Recalling. that the effective radius of a nuclearite is 
ever less than 1 A, we find that equation (14) is satisfied in 
for añy nuclearite whose velocity has not been severely 
graded. In air at sea level, equation (14) is satisfied by cosmic 
learites. exceeding a radius of 2x 10°’ em corresponding to 
inimum mass of 10~ g. Incidentally, equation (13) does not 
tyto ordinary meteors that ablate and are consumed before 
ion (12) is satisfied. 

jome recent searches for proton decay can as well be adapted 
searching for cosmic nuclearites. For example, the Irvine- 
ichigan= Brookhaven (IMB) proton decay: detector’, consist- 
ing of 80 kt of purified water surrounded by phototubes ata 
lep of 1,7 x 10° gem", detects the Cerenkov light produced 


‘or this calcu- 






of 2. 25- 3.75 eV, and the device can detect events involving the 
production of at least 3 x 10* photons; From Fig. 2, it follows 
that only nuclearites heavier than 107'' g reach the IMB detector. 
However, the nuclearite must not only reach the detector, but 
do so with a velocity greater than 30 kms! corresponding toa: 
temperature of several thousand K, which means they must be 
heavier than ~2x107'' g for detection at IMB. On the other 
hand, to produce an event rate of >] yr~' within the detector, 
the nuclearite flux must satisfy F = 3 x 1075, with units (hereafter 
suppressed) km~? yr”! (Zv sr)”'. If the IMB detector were pro- 
grammed to detect slower moving nuclearites (30-300 kms” '), 
the region displayed in Fig. | could be explored and perhaps 
excluded within one year’s operation. 

Some experiments designed to search for cosmic magnetic 
monopoles consist of large surfaces of scintillator placed near 
the Earth’s surface. Scintillating material is even more sensitive 
than water to the passage of nuclearites and can detect 
nuclearites with masses as small as 107'> g, in the case of an 
unshielded detector at sea level. The region explorable with a 
planned detector’® of area 1,500 m° is shown in Fig. 1. 

Nuclearites, like meteors, produce visible light as they traverse 
the atmosphere. Their rate of power dissipation, from equation 
(2), is Ape*. Using the luminous efficiency given by equation 
(13), we can deduce an altitude-independent expression for their 
luminosity as a function of their mass 


L=1.5x1077(M/1 pg) watt (15) 


which is valid provided that equation (13) is satisfied. Because. 
of the latter constraint, our analysis does not apply to nuclearites: 
lighter than 107° g. The visual magnitude of an atmospheric ` 
nuclearite at a distance h from an observer is computed from 
equation (15) to be 


M = 10.8 ~ 1.67 logio (M/1 wg) +5 logy) (h/10km). (16) 


For example, the apparent magnitude of a 20-g nuclearite at.a | 
distance of 10 km is “M = ~1.4, equal to that of the brightest star, 
Sirius. 

Atmospheric nuclearites may easily be distinguished from: 
ordinary meteors. Travelling at galactic velocities (v=. 
250 kms~'), they are much faster than meteors, which, being °° 
bound to the Solar System, move no faster than 72 km s~ "relative 
to the Earth. Moreover, meteors generally emit light only in the 
upper atmosphere (=100km) where they ablate and disin- 
tegrate. We show below that the production of light by. 
nuclearites is essentially a low-altitude phenomenon. Thus, the 
apparent angular velocity of a nuclearite is usually two orders 
of magnitude greater than that of a meteor. 

The constraint imposed by equation (14) can be expressed as 
an upper limit to the altitude at which nuclearites effectively 
generate light. Using the fact that the scale height of the atmos- 
phere is ~8 km, we obtain 


hmas = 2.7 km In (M/1.2 x 107° g). (17) 













































Thus, nuclearites with a mass of 107* g produce their light at 
altitudes of less than 6 km whereas those with a mass of 10° g 
shine below 60km. Evidently, the meteoric behaviour of 
nuclearites is essentially a phenomenon of the lower atmos- 
phere. ; 
From a point on the Earth, the flux corresponding to one 
annual atmospheric event is given by F =2/7h?,,, at zenith 
angle smaller than 7/4. (The factor of 2 reflects the difficulty 
in making daytime observations.) For a large domain of 
nuclearite masses, this expression which defines the excludable 
region shown in Fig. | is less than the maximum cosmic flux of 
nuclearites of equation (1). To what extent searches already 
performed have actually eliminated the excludable region is 
obscure to us. The largest nuclearite; compatible with the cosmic 
limit that is likely to be detected from one location during a 
year of observation, has a mass of 4x 10° g. The apparent magni- >; 
tudes of hypothetical cosmic nuctearites range from 402 +6 for: 




















 nuclearites near 107° g to M =-—3 for those with masses near 
the) upper-mass cutoff. 
Price et al? recently reported negative results of a search for 
agnetic monopoles having examined ancient mica for etchable 
‘trails of lattice defects produced by cosmic monopoles. Their 
_ data provide our only example of an established limit on the 
z> cosmic nuclearite flux, arguing that an energy loss, dE/pdx = 
- 2:5 GeV cm’ g”', in the form of nuclear recoil suffices to produce 
-= an etchable track. In the case of nuclearites, virtually all of the 
“energy loss is of this kind. With their assumed mean mica burial 
-< depth.of 5 km, we calculate from equation (9) that an etchable 
os track:is produced by any cosmic nuclearite with mass greater 
han 2.4 107'° g. The mica sample has an area of 13.5 cm? and 
an estimated age of 0.5 Gyr. Thus, the minimal measurable 
_ nuclearite. flux to which this experiment is sensitive is F = 1.5 
: and its-excluded region is shown in Fig. 1. 
_ Etchable tracks in mica are but one example of fossil traces 
ao that may be produced by nuclearites in rock. Any nuclearite 
more massive than 2.4107" g can leave an observable track 
at great depth—-an otherwise inexplicble linear astroblem. 
Neither meteorites, micrometeorites, natural radioactivity nor 
conventional cosmic radiation can produce such an effect. The 
tracks produced by nuclearites lighter than ~1 g are microscopic 
and require for their detection sophisticated searches on well- 
chosen. materials in the spirit of the Price et al.'s mica experi- 
“ment”. Larger nuclearites can produce visible. astroblems. The 
energy dissipated by a cosmic nuclearite, given by equation (2), 
is sufficient to melt a cylinder of rock with a radius Ry = vB ~, 
where B ~ 800 J g™' is the energy required to heat and fuse | g 
of rock. Thus, Ry, ~ 400 R. A l-g nuclearite produces a fossil 
track with a diameter of ~ 107? cm. The incidence of such fossils 
in 10°-yr-old rock is ~1 cm™’, if the upper limit on the cosmic 
‘nuclearite flux of equation (1) is attained. Still larger nuclearites 
«may be associated with fossils consisting of crushed rock. From 
othe fact that a 1-kt (TNT equivalent) nuclear test in granite 
produces a spherical crush zone of radius 30m (ref. 10), we 
‘deduce that the radius of the crush zone associated with the 
passage of a large nuclearite is ~2,000 R. Thus, a 1-kt nuclearite 
“produces a linear astroblem of diameter 4m. „The maximum 
possible frequency of such events is 107° km™? per 10° years. 
We show in Fig. | the result of a hypothetical negative hunt for 
nuclearite fossils, terminating at nuclearite mass of 1.5 10'* g 
“or radius 10 cm beyond which the maximum cosmic flux corre- 
“sponds to less than one collision: with the Earth in its lifetime. 
The last effect of nuclearite passage that we shall consider is 
the possibility of nuclearite-induced epilinear earthquakes. Note 
that the diametric Earth passage of a l-t nuclearite releases a 
total energy. equivalent to a 50-kt (TNT equivalent) nuclear 
¿= weapon. (At 30° zenith angle, this is reduced by a factor of 2; 
at 60° by a factor of 5.) Such nuclearites may collide with the 
<= Earth at a rate of no more than | yr™'. At teleseismic distances, 
-ethe seismic signal produced by a point source (weapons test or 
earthquake) is comparable in magnitude to that produced by a 
-line source of the same total energy release. Indeed, the 
-~ nuclearite may produce a larger signal, as its seismic efficiency 
when passing through the dense mantle may be larger than the 
~107* efficiency of a well-tamped nuclear shot in granite’!. 
Nuclearite seismic signals are readily distinguishable from other 
sources: their arrival times, characteristic of a linear sonic 
antenna, are vastly different from those of a point source. 
(Remember.that the nuclearite traverses the Earth in <1 min.) 
Surface waves should be absent, as most of the energy loss takes 
2 place in the mantle. Similarly, the production of shear waves is 
suppressed by a power of c/v, where c is the local sound velocity. 
=e Large epilinear earthquakes (body magnitude, m, > 5) can per- 
“haps be ‘discovered’ in existing seismological data. Thus, the 
excluded domain shown in Fig. | is bounded by F = 107? corre- 
sponding to one event in the Earth per decade. The limit on 
signal size corrésponds to an energy deposition equivalent to 
Tkg TNT km™', or a nuclearite mass of 1 kg. 
-i> The experiments discussed here, as well as others (such as 
acoustic detection at sea and the effect of small nuclearites on 











































airglow) can severely constrain the hypothesis. of a 
nuclearite flux. In particular, the explanation of the galacti 
missing-mass problem in terms of nuclearites smaller in si 
than several centimetres is a hypothesis that is subject to feasib ( 
(though highly interdisciplinary) experimental testing.: : 
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The y-ray burst history of GBS0526 — 66 is unique among obse: 
burst sources" being that of the brightest burst on record (5 M 
1979) and one of only two from which recurrent bursts (at | 
15 of similar temporal and spectral pattern) have been observ 
(though much less intense” than the first), and the only one wh 
source direction coincides with that of a previously known obje 
its 0.1 arc min? error box lies within the supernova remnant Na! 
in the Large Magellanic Cloud’, We have found evidence for a 
pattern in the recurrence times of these bursts, showing an apparent : 
period of 164 day, which we suggest reflects periodic accretion to’ 
a neutron star from an eccentric (e~ 0.9) binary companion. We 
propose that this system drives two types of bursts: (1) the relativel 
frequent but weak recurrent bursts produced by either magneto 
pheric gating, or thermonuclear runaway, of periodically accret 
matter around the neutron star, and (2) the much rarer: intense 
bursts, like that of 5 March 1979, produced by tidally-trigge 
star quakes. ; 
Continued monitoring by the Konus instruments aboar 
Venera 11 and 12 (from about 14 September 1978 to 27 January 
1980) and Venera 13 and 14 (from about 16 November 1981 
5 April 1983) has revealed? 15 weaker y-ray bursts, following. 
that of 5 March 1979, with the same celestial position, very. 
similar spectra, and durations ranging from 0.1 to a few seconds. 
The fluences, S, of these weaker bursts, which varied from 
~1.5x107? to 6.5x10°° erg cm™*, were roughly proportiona 
to their duration, and were orders of magnitude less than th 
1.3107? erg cm? observed from the 5 March 1979 burst: 
The most striking feature of these recurrent bursts, however, 
is that their recurrence times, A—the time elapsed since: the 
previous burst—-show a very high degree of ordering. This i 
clearly seen in both Table | and Fig. 1 (bottom) for the observa 
tions of bursts by Venera 13/14 which were of higher sensitivit 
than those of Venera 11/12, and provided a much more complet 
sample. Starting from the first burst on 1 December 1981; the 
recurrence times increased steadily over the next three bursts. ; 
Then, on 23 April 1982, the recurrence time abruptly shortened 
to 0.5 day, and then once again increased over the next six. 
successive bursts. The random probability of nine successive 
values occurring in one or two sets of any combination of lengths, 

















ber of combinations, a or 0,0028. We must multiply this 
robability by three, as there are three sets of nine contiguous 
ues in the complete group of 11 values. Thus, we suggest that 
ance of this ordering being non-random is 99.2%, or 
nificant at the 2.6 o level. 

‘Moreover, we see from Fig. 1 (bottom) that the values of the 
ecurrence times for the six bursts, beginning with the second 
burst on 23 April 1982, are roughly proportional to the time of 
occurrence measured from 23 April 1982. The three previous 
recurrence times also show an almost linear increase with time. 
We propose that this ordered pattern of recurrence times may 
repeat with a regular period. If so, then the observations before 
3 April 1982 would suggest that the period is =140 day, and 
e later observations would suggest that it is <350 day. As the 
O half-day recurrences on 5-6 March 1979 and 23 April 1982 
should occur at about the same phase, the period should also 
roughly an integral divisor of the 1,145-day interval between 
em. These constraints limit the possible periods to 143, 164, 
1, 229, and 268 day. Folding the data on these periods, we 
nd that the best qualitative fit for all the data is obtained with 
the period of 164+ 0.75 day; the best linear relationship between 
urrence time and phase is shown with the folded data in Figs 
1 and 2 (bottom). 

‘This simple linear relationship agrees qualitatively with all 
the event of 31 December 1982, which has a recurrence time 
Out twice that expected. This descrepancy, however, may be 
ing to a missing burst in October or November 1982, resulting 
the fluence being below the detector threshold, or the 
etector system being temporarily inoperative. The latter possi- 
ty would seem likely, if the operating schedule of Venera 
4 was similar to that of Venera 11/12 on which the operating 
of the Konus experiment dropped from almost 90% of the 
during the first half of the mission, to roughly 50%, during 
nal few months*. As the Venera 13/14 threshold appears 
at least.a factor of three lower? than that of Venera 11/12, 
“smaller number of recurrent bursts detected in 1978-80 
ared with 1981-83—-that is, three as opposed to twelve— 
ésult simply from detector threshold differences. For bursts 
ater than the Venera 11/12 threshold (>5 x107 erg cm™*), 
ere is no evidence for a change in the rate of recurrence, as 
1e same number, were observed during both missions. Thus, 
oth sets-of Konus observations could be consistent with regular 




















































nission comes at intervals of roughly 164 day or a multiple 
eof. The highest fluxes are strongly peaked Close to ae 


ae. inet 


Moreover, this latter phase interval contains 96% of the time- 
tegrated flux, or fluence, from all bursts observed following 
at of 5 March 1979. 

Assigning a numerical probability to the existence of a 164-day 
periodicity. is very. difficult for the following reasons. First, a 
simple power-spectral analysis of occurrence times would not 
expected to yield significant results, because the 16 events 
ere spread over an interval of 1,500 day that included:a 1,000- 
y gap-and, thus, orily.a limited number of long periods could 
ampled. If we use-the technique of Ferraz~Mello®, however, 
ch is designed to accommodate such data gaps, a simple 
al 164-day period is only significant at the 15% level, 
the distribution. of occurrence times is far from 
18 dal, requiring many higher harmonics, which the limited 
1 cannot resolve. A power-spectral analysis of the equivalent 
ux'will also be insensitive to any specific period, as.the 
almost “*delta-function’ emission of 0.5-day duration dominates 
the power spectrum and causes almost equal power to appear 
it all fi equencies. 

Our analyses, however, clearly suggest that the highly ordered 
rn of recurrence times is non-random at the 2.6 o level and 
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Fig. 1 The distribution of the burst recurrence times, or time ` 
between bursts, A, shown at the occurrence time of each burst 
(bottom), and the equivalent mean flux, or the burst fluence divided 
by the recurrence time, S/A, shown for the interval preceding 
each burst (top). Also shown are diamonds marking 164-day peri- 
ods and a least-squares linear fit to the recurrence times within 
that period. All burst fluences gteater than the Venera 11/12 
threshold of ~5 x 1077 erg cm~? are designated by large dots, and 
those fluences below are shown as small dots. 
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Fig.2 The phase dependence of the burst recurrence time (bot- 

tom), and the equivalent mean flux (top), for a 164-day period. 

The solid line-in the bottom panel represents the best linear fit to 
the recurrence-time distribution. 





-Table 1 Bursts from GBS0526- 66 observed by Konus” 

















Burst date Julian day A 
(year: month, day) (—2443900) (day) (107% ergem™?) Phase 
~ 7903 05 38.16 — 1300 0.02 
79 03.06 38.76 0.60 6.5 0.02 
79 04 04 67.53 28.77 0.7 0.20 
79 04 24 88.27 20.74 0.6 0.33 
81.1201 1039.89 >16 6.6 0.13 
82 01 02 1072.22 32.33 3.6 0.33 
8202 15 1115.94 43.72 0.15 0.59 
o 820423 1182.66 66.72 0.2 0.00 
2820423 1183.19 0.53 0.3 0.00 
82 05 10 1200.06, 16.87 0.15 Ot 
82 05 30 1220.03 19,97 0.15 0.23 
; 82 07 08 1258.93 38,90 0.15 0.46 
8209 21 1334.28 75.35 0.15 0.92 
821231 1434.68 100.40 0.3 0.54 
83 03 21 1515.44 80.76 0.2 0.03 
1529.83 14.39 1.6 0.12 


83 04.05 





‘Phase based on 164-day period and phase-zero at first burst on 
82.04 23. k 








that this pattern exhibits a 164-day periodicity: burst occurrences 
- are highly asymmetrical—half of them within a very small por- 
“tion (~0.13) of the cycle; =96% of the recurrent burst energy 
is emitted within a third of the cycle, and the time between 
bursts increases almost linearly with phase. 
We now consider the possible causes of this pattern of recur- 
rent bursts. GBS0526 — 66 is generally thought to be a magnetic 
neutron star. Consistent with this, the cause of the intense 
“burst of 5 March 1979 has been variously attributed to a neutron 
star quake’, thermonuclear runaway of accreted matter on the 
neutron-star surface'°, or cometary: impact''. The three much 
weaker bursts observed within two months of the 5 March 1979 
_ burst were thought to have been aftershocks or other events 
resulting from it. 
We suggest, however, that the recurrent bursts are separate, 
although not entirely unrelated, continuing phenomena, occurr- 
.. ing both before and after the 5 March 1979 burst. In particular, 
.. we propose that this periodic, but asymmetric, pattern of recur- 
rent bursts may result from either thermonuclear runaway or 
magnetospheric gating of matter periodically accreting around 
the magnetic neutron star from a binary companion with a 
164-day period and a highly eccentric (e ~ 0.9) orbit. Both the 
asymmetric rate of burst occurrence and the increasing recur- 
rence time as'a function of phase can be understood if the mass 
transfer from the companion is essentially limited within a time 
of the order of a day around periastron. Then the rate of gas 
“.-aceretion to the magnetosphere of the neutron star would be 
greatest at the time of periastron passage and decrease with time 
as gas with greater initial angular momentum eventually falls 
in. With such a decreasing rate of accretion, the individual bursts 
‘themselves could result from the filling of some reservoir to a 
critical mass, which then becomes unstable, producing a burst. 
‘The recurrence times between successive bursts will then 
increase until a new accretion episode is initiated at the next 
periastron passage 164 day later. The reservoir could be either 
the accumulation of matter on the surface of the neutron star 
until it undergoes thermonuclear runaway to produce the y-ray 
> burst'®, or the accumulation of matter in an accretion disk above 
ae the magnetopause, where it remains until an instability develops, 
= dumping it on the surface of the star to produce the burst’? 
The eccentricity of the binary orbit can be estimated from the 
‘ratio of the time, p, required for passage through a radian at 
cperiastron and the 164-day orbital period, P, by e~ 
= (Anp/ PY”. If the periastron passage is about 0.5 day—the 
mum: observed burst separation—then the eccentricity, e ~ 
and the size of the Roche lobe would vary by a factor of 
20 over the orbital period. Optical searches (F. Cordova, per- 
sonal communication) show that the GBS0526 — 66 error box is 

































































empty down to the background brightness.of the nebula, 
a limiting apparent magnitude for a companion 
~18 m(visual). At the distance (55 kpc) of the coincident sup 
nova remnant in the Large Magellanic Cloud, this limits th 
mass of a main-sequence companion, for instance, to <5 Mo 
We suggest that it is during this brief, but close, approach tha 
the bulk of the matter, accreted over an entire orbital period 
flows into the potential well of the neutron star. 

We might also expect that if a burst happened to occur 0 
the neutron star close to periastron. passage, then the. flas 
heating of the atmosphere of the companion might greatly boos 
the amount of matter transferred at that time. The efficiency o 
this process will depend strongly on the orbital phase, as th 
heating would be proportional to the solid angle subtended | 
the companion and would vary by roughly three orders o 
magnitude over the orbital period. The occurrence. of bursts 
close together as 0.5 day and the tendency for brighter bur 
to occur early in the phase may in fact require just such 
flash-boosted accretion to provide the very brief but enormou: 
accretion rates needed on those occasions. 

The soft X-ray observations place only weak constraints:0 
the accretion rates. Einstein observations of the GBS0526 6 
region, both before and after the 5 March 1979 burst, set a 
upper limit of ~2 «107 erg cm ~2 s7! on the excess. flux of sol 
(0.5-4.5 keV) X rays observed on 12 April 1979 between the 
recurrent bursts of 4 and 24 April 1979". This can be compare 
with the steady flux expected from the accreting matter: in 
magnetospheric gating and thermonuclear runaway models. Fo 
a magnetospheric gating process, the expected average radiation 
flux from matter accreting around the magnetopause at the time 
of the Einstein observation should be about three ‘orders:.o 
magnitude below the soft X-ray limit. But in the thermonuclea 
model a simple estimate of the bolometric flux at that tim 
suggests that it should be at least ~1 x 107"! erg em”? 
is several times higher than the 3o upper limit in the 0.5-4. 5 k 
band. With more detailed calculations, however,'the. thermo 
clear model may still be consistent with the observations. 

Finally, we suggest that the accretion of matter from the bina 
companion may build up stresses within the neutron start 
could eventually be released in very powerful quakes, provi 
energy for much larger but rarer bursts, such as that of § March 
1979. We may also expect that these bursts would occur preferen- 
tially near periastron passage where they could be triggered by 
the much larger tidal. stresses at that time. 

In conclusion, we suggest that the pattern of recurrent bursts 
from GBS0526~- 66 displays a 164-day periodicity and, if coj 
firmed, this represents the first periodicity seen iñ y-ray: burs’ 
and the first evidence for a binary companion around. a bt 
source. Further monitoring of this source and study of existing 
observations are needed to confirm the existence of this periodi 
ity. The strongly asymmetric distribution of burst rates would. 
suggest that there are preferrred times for the occurrence of a 
burst. 

We thank Geoff Hueter for helpful discussions: This woiks 
was supported by NASA contract NAS 8-27974 and NASH 
grant NSG 7541. 
Note added in proof: Since submitting this paper, we have been 
informed (H. Pedersen and K. Hurley, personal communicatio 
that an optical flash occurring at phase 0.001 by our ephemeris 
(Table 1) had been detected at the European Southern Observ: 
tory-La Silla by their 50-cm telescope (now published'*), seem- 
ingly confirming the 164-day period. We predict that periastroñ 
passage will occur on 1 January 1985 ( + ~3 day). 
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The broadband very low frequency (VLF, 0.3~30 kHz) radiation 
-from lightning propagates in the Earth-ionosphere cavity as impul- 
_ sive signals (spherics) and in the dispersive plasma regions of the 
ionosphere and magnetosphere it propagates as tones of descending 
r rising frequency (whistlers)'. VLF radio waves propagating in 
the magnetospheric plasma scatter energetic electrons by whistler- 
mode wave-particle interactions (cyclotron resonance) into the 
atmosphere’, These electrons, through collisions with the at- 
mospheric constituents, cause localized ionization, conductivity 
hancement, visual and ultraviolet light emissions, and brems- 
trahlung X rays. We have reported previously on the precipitation 
f energetic electrons from the radiation belts by the controlled 
ijection from the ground of VLF radio waves’*. Here we report 
he first satellite measurements of electron precipitation by light- 
ing. The measured energy deposition of these conspicuous light- 
ing-induced electron precipitation (LEP) bursts (~ 107° erg cm~*) 
5 sufficient to deplete the Earth’s radiation belts and to alter 
subiónospheric radiowave propagation (<1 MHz). A one-to-one 
correlation is found between ground-based measurements of VLF 
spherics and whistlers at Palmer, Antarctica, and low-altitude 
- Satellite (S81-1) measurements of precipitating energetic electrons. 
Detailed measurements of the pulse shape, spectrum, and 
itch angle distribution of LEP events have not previously been 
_obtained nor have direct satellite or ground-based measurements 
F LEP events been obtained within the plasmasphere where 
most VLF whistler activity occurs’. The plasmasphere (average 
: magnetic invariant latitude <60°) is characterized by cold 
‘plasma densities of 10°-10* electrons cm™ and is the region of 
the magnetosphere which contains the bulk of the radiation 
elts. The only in situ measurement of lightning-induced elec- 
tron precipitation that we are aware of was reported by Rycroft’? 
using rocket data. He observed a single electron burst event 
ving the proper time relationship to an associated whistler 
and explained the observation as a gyro resonant interaction 
(between ~ 100 keV electrons and a 4-hop whistler taking place 
inthe magnetospheric equatorial plane. Our in situ satellite 
observations confirm this initial rocket measurement by estab- 
lishing a one-to-one correlation with a series of strong electron 
urst-events and clarify the details of the precipitating electron 
poral behaviour. Electron precipitation due to whistler-trig- 
ed emissions outside of the plasmasphere has been observed 
ith balloon-borne X-ray detectors® and ground-based photo- 
ters’ ™!7, Indirect evidence of LEP events within the plasmas- 
phere has been derived from amplitude and phase perturbations 
din -VLF signals propagating in the Earth-ionosphere 
waveguide’? !* 
< High ‘sensitivity measurements and fine-resolution energy 
ectra (2 <E <1,000 keV) of the prominent LEP bursts were 
obtained with a cooled solid-state spectrometer array’ included 
§ part of the stimulated emissions of energetic particles (SEEP) 





; experiment on 1 the three-axis stabilized, low- 


$81-1 satellite. The trapped energetic (TE) electron apectoneter : 
(+ 20° field of view) was aligned perpendicularly to the orbit 
plane and during these observations was at an angle.of 89° to” 
the local magnetic field line. The TE detector had a geometrical. 
factor of 0.17 cm? sr and was cooled (—120°C) to achieve a 
system noise resolution of 1.2 keV FWHM. An identical detector: 
was positioned to observe electrons with central pitch angles: 
(a) of 52°. The medium energy (ME), precipitating electron” 
spectrometer (+30° field of view) was aligned to the zenith’ 
direction and during these observations was at an angle of 25° 
to the local magnetic field line. The ME geometrical factor was 
2.47 cm” sr. 

Seven LEP events recorded on 9 September 1982 with the 
SEEP experiment TE particle spectrometer are shown in Fig. 1 
(A-G) with the simultaneous VLF spectra received at Palmer, 
Antarctica ( L ~ 2.3). These LEP event signatures are interpreted 
as follows. The whistler wave in passing through the magnetos- 
phere from north to south alters the pitch angles of energetic 
trapped electrons which are moving northward and can, there- 
fore, resonate with the VLF wave. This interaction reduces the 
pitch angles of some of the electrons, lowers their mirror points 
below the satellite altitude, and produces the first electron pulse 
of the event. Some of these electrons are then magnetically 
reflected and some are scattered by the atmosphere, resulting 
in an electron bunch moving to the Southern Hemisphere where 
the lower mirroring altitude (due to the South Atlantic anomaly) 
causes the electrons to encounter the atmosphere. Some elec- 
trons are backscattered by the atmosphere and return. to. the’ 
Northern Hemisphere where they are observed as the second. 
pulse in the event. Subsequent reflections and backscattering in 
the Northern and Southern Hemispheres produce the train of 
pulses of diminishing intensity which makes up the individual 
events shown in Figs 1 and 2. These measurements were made 
3 days after the strong magnetic storm (D,, = ~297) of 6 Septem- 
ber 1982. Magnetic storms of this intensity are known to inject 
electrons which diffuse into the slot region (2< L<3) of the: 
radiation belt several days after the storm onset’®!” 

In the strong LEP events A, D, and E, electron fluxes are 
observed to increase rapidly in strength, about 100 times back- 
ground, in <200 ms. The envelopes of the individual pulses then ` 
decay relatively slowly to background levels over several 
seconds. Event G is a factor of 10 above background and event 
F about three times background. Events B and C are relatively 
weak on the integral energy display of Fig. 1 but are more 
prominent in the differential energy spectrum (120< E< 
140 keV). The reason why the multiflash LEP event E does not 
show echo pulses may be due to the superposition of four closely 
spaced LEP bursts. The flux measured with the ME detector 
(a = 25°) is a factor of ~10 less than the flux measured with 
the TE detector (a ~ 89°) indicating an anisotropic pitch angle 
distribution peaked near 90° at the satellite altitude. VLF spectra 
of lightning generated spherics and whistlers were detected in 
the conjugate hemisphere at Palmer Station, Antarctica, (65° S, 
64° W) and are shown in Fig. 1a. The uniform transition in VLF 
wave intensity at ~1.9kHz indicates a well defined Earth- 
ionosphere waveguide cutoff frequency. The scaled spherics and 
whistlers are shown beneath the VLF spectrogram. The dashed 
portion of a scaled whistler curve is extrapolated based on the 
observed solid portion and the known properties of more com- 
pletely defined events such as F. The conjugate of the SEEP 
satellite (60° S, 98° W) is 34° to the west of Palmer and thus the 
VLF spectrogram intensity at Palmer is not simply related to 
the magnetospheric whistler intensity nor to the flux of precipi- 
tating electrons. 

Whistler-dispersion techniques’ are used to identify the 
spherics that precede the delayed whistler signal on the VLF 
spectrogram. Event E has four similar whistler traces within a 
l-s period and is consistent with multiflash lightning. Event C 
also has two lightning flashes associated with it. An important 
observation is that the spherics precede the peak of each LEP 
event by the expected time interval (~ 0.48) for all seven cases. 
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Fig. 1 Energetic electron measurements obtained with the $81-1 satellite are correlated one-to-one with concurrent ground-based VLF whistlers _ 
at Palmer Station, Antarctica (65° S, 64° W, L~2.3). Panels a and b show the VLF spectrograms and the scaled whistlers and spherics. The ; 
uppermost insets show the Palmer VLF data with an expanded time scale for the seven LEP events. The strong energetic electron bursts 
labelled A, D and E have peak fluxes that are 100 times background levels. The sampling interval for the energetic particle measurements is 
64 ms. The solid lines and arrows represent spherics that were directly identified on these (and other) records, while the dashed lines represent 

time estimates based on evidence of essentially identical dispersion properties in all events. 







Further evidence for the triggering of precipitation by light- 
ing is given by the LEP pulse shapes and spectra. In the pulse 
ve shapes of LEP events A, D, F and G, repetitive pulses of constant 
“period and decaying amplitude that follow the LEP peak are 
conspicuous. Figure 2 shows LEP events F and G on an expan- 
ded scale with the associated whistler signals and the subiono- 
spherically propagating signals from the transmitter NAA as 
-received at Palmer. The detailed characteristics of the LEP events 
shown in Fig. 2 include: (1) the rapid rise of electron flux; (2) 
the subsequent and relatively slow decay of the flux; (3) the 
in-phase and. repetitive pulses on the TE and ME detector 
(labelled 1-3 for event F and 1-5 for event G); (4) the greater 
“intensity of the near 90° pitch angle flux (TE) compared with 
` the near 0° pitch angle flux (ME); and (5) the weak or completely 
—?cabsent first pulse on the ME spectrometer (indicating a high 
.gatio’ of drift-loss-cone to direct bounce-loss-cone flux) com- 
“pared with the subsequent pulses (labelled 2-5 for event G). 
< Apulse period of 0.32s is associated with pulses 1-7 of event 
“AS This period agrees with the bounce time of relativistic elec- 
trons (~ 150 keV) echoing between conjugate hemispheres at 
z L=2.1. For 175-keV electrons, the relativistic velocity is 0.67¢ 
and for 125 keV electrons. 0.60 c, where c is the velocity of light. 
As the velocity approaches ¢ the bounce period becomes less 
sensitive to electron energy variations. For the above energy 
« difference, about five bounce periods (pulses) can occur before 
“the 175-keV electrons are 180° out of phase with the 125-keV 
electrons. The pulse period of LEP event G at L= 2.3 is 0.38 s. 
- -This longer period relative to LEP event A agrees with the longer 
— - path length of relativistic electrons echoing between conjugate 
hemispheres at L = 2.3 instead of L=2.1. 
“Examination of the electron energy spectra of LEP events 
_ © A-G indicates a prominent but broad peak in electron energy 
between 80 and 200 keV that decreases in energy with increasing 
| L) From comparison of the travel time characteristics of the 9 
< September 1982, whistlers with similar but more. completely 
‘defined events recorded on another day at Palmer when whistler- 
associated precipitation was observed'*, the equatorial electron 






































density at L = 2.1 is estimated to have been 3,200 electro 

Assuming ducted propagation the VLF wave frequen 
be ~4 kHz based on an equatorial gyroresonant interac 
150 keV electrons. This frequency is in the upper region of 
more broadly defined whistlers, such as event F. 

Figure 2a shows a small perturbation i in the signal received 
at Palmer from NAA (propagating in the Earth-ionospher 
waveguide) which is. coincident with the strong whistler and 
weak LEP burst F. The raw data show the 17.8-kHz signa 
intensity using a 300-Hz bandwidth filter. Also shown. are the 
smoothed curves of the raw data (dashed lines) outside of the 
rapid transition interval (+0.5s) that were obtained: us 
2.45 averaging filter. The amplitude of the NAA transmit 
signal received at Palmer exhibits a fast decrease (< 1.55). 
lowed by a slow recovery (~10 s). Such a signal perturbatio 
or ‘Trimpi’ event is associated with lightning-induced electron 
precipitation which modifies the ionosphere at the ~80km 
reflection altitude’*:'*. Considered in isolation, this event is weak 
because of atmospheric noise at the NAA frequency. However, 
it is similar in form to a series of stronger events that occurred 
within several minutes preceding and following the period of 
satellite data. The strong whistler event F and associated Trim 
event recorded at Palmer are consistent with a relatively stron 
LEP burst occurring near Palmer. For the. other six relative 
weak whistler signals no Trimpi events were detected althoug 
strong electron precipitation is evident in the SEEP. detectors 
for events A, D, E and G. The simultaneous electron precipita- 
tion at the SEEP satellite and near Palmer (Trimpi) which are 
separated in longitude:by 2,000 km, for event F, suggest that.a 
single lightning flash can precipitate electrons at two wide 
separated locations. 

The electron precipitation energy fluxes are. estimated to be 
about 10°-10° times the wave energy flux at the equatorial plane, 
indicating that only a little VLF signal energy is required to 
perturb the relativistic electrons near the edge of the loss cone 
enough to cause precipitation’. The energy fluxes reported here 
are consistent with suggestions that whistlers may cause- 
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‘ig. 2 Expanded view of lightning-induced electron precipitation 
(LEP). events F and G. The repetitive pulses of constant period 
dabelled | to 5 are consistent with the echo period for electrons 
mirroring between conjugate hemispheres. The vertical dashed line 
indicates the calculated time of the lightning flash. Panels a and 
wb- show the simultaneous whistler spectrogram and the amplitude 
of signals received at Palmer from NAA. 


significant loss of radiation belt electrons**'??°??, Assuming 


jat the slot regions of the radiation belts are initially filled after 
a magnetic storm with an omnidirectional flux of 10° electrons 
em” s~} for E> 100 keV at L=2.3, a single LEP burst (such 
as the D) can empty ~0.001% of the belt in the region covered 
by the burst magnetic field lines. 

The observations of LEP events provide direct evidence of 
an important coupling mechanism between terrestrial lightning 
and ‘relativistic. radiation belt electron precipitation. Further 
study should clarify details of the wave-particle interaction since 
wide ranges of VLF signal strength and frequencies are present. 
The global. mapping of LEP events can also provide an insight 
into the penetration of wave energy through the ionosphere and 
its propagation in the magnetosphere. The role of LEP events 
the overall loss rates of trapped electrons is uncertain, because 
the frequency of occurrence of these events and their relative 
portance: in comparison, for example, with plasmaspheric 
hiss” is not well known. However, a substantial amount of 
electrons-can be removed in a single event, and additional 
electron losses can be expected to result from an enhancement 
f the effective pitch angle diffusion coefficient by whistler waves. 
-The Lockheed Palo Alto Research Laboratory portion of the 
EP experiment was sponsored by the Office of Naval Research 
(contrast N0Q0014-79-C-0824). Launch and orbital support were 
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in processing the data. The Stanford University effort in SEEP 
was supported by ONR grant N00014-82-K-0489 and by the: 
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Spectroscopy in the far-infrared and millimetre-microwave regions, 
has always been hampered by the lack of intense broad-band _ 
sources. After several predictions’ suggesting the possibility of 
obtaining improved infrared fluxes from an electron source, the < 
Daresbury (SERC) synchrotron storage ring (SRS) has now been 
shown to produce an intense and very bright source of infrared. 
photons. The infrared port (IR-13(1)) at Daresbury will provide 
scientists interested in the microscopic structure and dynamics of 
materials with a radiation source having several unique properties. 
As well as these properties, we describe here the work that has . 
been done, since January 1984, in characterizing the infrared beam 
and suggest some wide-ranging potential experimental applica- : 
tions. : 
Because the photon beam is composed of electromagnetic ; 
radiation emitted by a highly relativistic electron beam’, the 
radiation is highly collimated in the forward direction and is > 
strongly linearly-polarized in the orbit plane. Furthermore, it. 
provides a well-defined train of pulses of radiation® of ~200-ps 
in width with a period of either 320 ns (for a single. electron 
bunch) or 2 ns (for 160 electron bunches). The pulse width and 
shape are entirely independent of frequency, and.the inherent 
photon noise level is expected to be very low compared with 
that of black-body sources. The beam lifetime is 8-10.h at2 GeV 
electron energy. Although the SRS is more intense (in terms of 
photons emitted per second) than a black-body emitter only in 
the far-infrared region (below ~50 cm™'), its other advantages— 
especially its brightness (watts per unit area-solid angle) and its. 
precise time structure-——are manifest throughout the infrared: 
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1. Equivalent black-body temperatures (E! and E+) 
easured for the SRS source (a) (left-hand side, scaled to a 350-mA 

fent) and the mercury lamp (b) (right-hand side) in the region 

-120 cm`!. The effective aperture for both sources was 9 mm. 
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Fig. 2 Comparison of SRS and black-body output powers and 
power ratios: a, black-body curve at 1,500 K with a 3-mm stop 
(AQ. = 0.045 cm? sr) (A); b, measured SRS power output at 350-mA 
trent and +20 mrad vertical collection (C); c power ratio 
Measured at Daresbury in May 1984 (©); d, theoretical power 
„fatio? for a total vertical-angle collection and 350 mA(+). 


Use of a Martin-Puplett interferometer’ operating in the 
z -140-cm™! (30-4,200 GHz) region in the radiometric mode? 
has enabled us to measure directly the power- and brightness 

tios relative to those of a conventional far-infrared source (in 
is case, a high-pressure mercury arc lamp). Figure 1 shows 
the brightness measurements (B(?) =2ki*cT,, watts per area- 
solid angle per bandwidth) made with a source aperture of 
~9 mm—ensuring that the same étendue (AQ, area-solid angle 
product) is used in both cases. (The B(») data have been scaled 

“to the 350-mA current for which our original computed SRS 
emission®” was calculated; such currents are easily achieved, 

although at rather lower electron energies than the standard 1.8 
“or 2.0 GeV.) The brightness advantage is more than 20:1 at 

Ocm™' for a 9-mm aperture. Figure 2 compares the powers 
(P(®) = B(¥)AQA*) and power ratios with those predicted by 
Duncan and Williams’. For these measurements a mercury lamp 
aperture of 3 mm was used and (AQ) sas % (AQ) ys. The power 
ratios are within a factor of five of the theoretical values’. The 

Source e provides at least an order.of magnitude more power at 
_10:cm™ than a conventional mercury arc lamp, further i increas- 
ng below 10cm™', probably because of coherence effects’? 

ind when the photon wavelength and the electron bunch 

‘length become. comparable. Far-infrared lasers'' do, of course, 

`. provide output powers in excess of these. The great advantage 














Fig. 3 The integrated polarization ratio E!/ E+ measured for ihe 
SRS source in the 8-120-om~' region (both normalized to a 350-mA : 
current). 
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Fig.4 Comparison of signal-to-noise ratios for a 100-4 sample : 
of liquid water (298 K) in the 4-35-cm™' region, using the SRS). 
source (a), current ~120 mA, and a mercury lamp (b). 


of the SRS source is its tunability, in principle from 500 
upwards'*; in practice, we have detected radiation 


frequencies down to 30 GHz (1 cm™') with our prese 
ferometer. No other source provides such continuous r 
throughout the infrared and microwave regions. Also 

source has a much smaller pulse width than thatof submi 

lasers, which should give access to faster time-dependent p 

ses*®, and it is ~86% polarized i in the parallel (orbit plane 


direction i in the 10~100-cm™' region. (Fig. 3). i 

The SRS should provide an ideal infrared source. for the 
following types of experiment: 

(1) Experiments requiring enhanced signal-to-noise ratio in 
the far-infrared/microwave region. For example, we haye use 
the combination of extra photon flux and superior noise chara 
teristics to measure the power absorption coefficient of liqui 
water (through a pathlength of 100 um) in the range 4-55.¢ 
with signal-to-noise ratio enhancement of ~3 (Fig. 4). Such: 
measurements are urgently needed for accurate characterization 
of water’?:? in this important communications region. 

(2) Experiments attempting | to study the wide range of 
phenomena occurring in the important spectral gap between the 
infrared and microwave regions, including the. modelling of | 
molecular orientational relaxation processes in polar liquids 
the study of plasma frequencies in | conducting polymers'*, and 
the study of coherent phenomena’*’ and microwave radiation - 
damage’® in biological systems. 

(3) Experiments requiring sub-nanosecond time resolution 
in the middle and far-infrared regions include those for.many 
important electronic’*”°, chemical?! and biochemical®® proces. 
ses to which the SRS could be applied. One application already 
proposed by M. Chamberlain (personal communication) ‘is to. 
look directly at the electron kinetics of photothermal ionization 
in II-V semiconductors using submillimetre (45 em”) radi 
ation. 

(4) Experiments requiring a photon beam with low €tendue 
(AQ), either where the sample is small (for example, a single 
crystal or the small aperture in a high-pressure diamond anvil 
cell”) or because the beam must be coupled to a surface whose 
étendue is also small (as in reflection-absorption infrared spec- 








troscopy 
for the SRS” at S0cm ` and this matches the typical surface 
experiment” quite well. This characteristic of the SRS source 
_ should be important, for example, in studies of molecules adsor- 
bed on catalytic (metal) surfaces or in studies of lubricating 
fluids at high pressures” 
(3) Experiments making use of the beam polarization, which 
is important, for example, in the study of molecules on sur- 
23-25" in the elucidation of optical properties of single 
and in the measurement of birefringence in liquid 
crystalline materials?” 
-5 Besides the intrinsic interest in the study of photon emission 
“from stored electron ‘bunches’, we anticipate that such novel 
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the Daguerre photographic process'~*, a polished silver-coated 
plate is exposed to iodine vapour, thereby forming a very thin film 
fF silver iodide, usually about 30-nm thick*. After exposure, the 
mage: is developed by mercury vapour, which condenses preferen- 
tially where light has fallen, amalgamating with silver liberated 
ym the silver iodide (and possibly with the substrate). The remain- 
ing: silver iodide is dissolved with an aqueous photographic fixing 
solution (sodium thiosulphate), When viewed at most angles, a 
positive image of the scene is seen as areas of amalagam (diffusely 
reflecting), which appear white, on areas of polished silver 
pecularly reflecting), which appear black. The sharpness with 
which edges were reproduced in several old daguerreotypes led us 
to suspect that electrostatic processes might be involved, and we 
‘pow report two experiments which confirm that. 

< To- demonstrate that mercury vapour in air contains electri- 
cally charged droplets, we oxidized a single crystal silicon wafer, 
0Q.cm-in diameter, to form a surface film of silicon dioxide 
bout l-um thick. A patterned stainless-steel mask (Buckbee- 
Mears Co., St. Paul, Mirinesota) was placed on the oxidized 
urface, and the open spaces were charged with air ions from 
„point corona discharge (using a ‘Zerostat’® antistatic pistol). 
uch charge patterns can be rendered visible by immersion in 
iquid toners, as used in office copying and electrographic print- 
ng machines, which consist of electrically charged particles of 
colloidal carbon of 100-nm diameter suspended i in an insulating 
liquid’. Here, the wafer bearing the charge image was placed 
era beaker of mercury heated to about 70°C. When the image 
was negatively. charged, it gradually became visible as droplets 
of mercury condensed on it (Fig. 1). This experiment clearly 
monstrates that positively charged droplets must form in the 
space- between the mercury surface and the wafer, and that they 


are attracted to negatively charged areas of the electrostatic” 
image. The fact that some fraction of all finely divided particles 
and droplets is usually electrically charged is, of course, well- 
known (for example, see Ref. 7). 

To demonstrate that those areas of a daguerreotype plate 
exposed to light do indeed become negatively charged, we 
prepared some daguerreotype surfaces by sputtering silver on 
glass plates and exposing them to iodine vapour at room tem- 
perature (about 25 °C) for periods of up to an hour in darkness 
or in red light. The stainless-steel mask now clamped to the. 
surface of the plate was then exposed to direct sunlight for. 
about a second. The exposed plate, after removing the mask; 
was immersed in liquid toner containing positively charged 
particles, whereupon black toner particles were immediately 
deposited uniformly on the exposed parts of the surface. After 
rinsing in clear carrier fluid and drying, a clear image of black: 
on silver was obtained (Fig. 2). We also prepared scanning: 
electron micrographs to confirm that toner particles were indeed 
clustered on the exposed areas (Fig. 3). Such liquid-toned images: 
on daguerreotype surfaces could at first be smeared. of träns- 
ferred to adhesive tape. Fixing was accomplished by heating; 
as the toner also contains a wax for this purpose. The. silver 
amalgam image prepared by the original Daguerre process can 
also be smeared and transferred easily, and it remains so even 
after ‘fixing’ by heating to about 60°C. These observations.” 
suggest that a photographic transfer process could possibly be- 
based on easily prepared Daguerre surfaces. ; 

An alternative explanation is that the surface becomes posi 
tively charged during exposure to iodine vapour and that the 
charge is dissipated in those areas exposed to light This 
hypothesis was shown to be invalid, because we found that 
exposed plates produced no visible image at all when using 
negatively-charged toners. Furthermore, the deposition of posi- 
tively-charged toner in the light exposed areas is very uniform. « 
If the area were uncharged, development would occur only 
around the edges of the uncharged areas’. This effect also 
explains why negatively-charged toner does not give a visible. 
image. ; 

Xerographic layers can typically withstand electric fields due 
to surface charge of 10-30 V am” (ref. 7); thus we expect the 
surface potential of a 30-nm thick silver iodide layer to be in 
the range 300-900 mV. However, we were unable, using ae 
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Fig. 1 Image—negatively charged by air ions from a point corona discharge—formed on a surface of oxidized silicon suspended in condensing 
Hg vapour 





Fig. 2 


Image of black toner particles on a surface of iodized 
silver. The Agi-coated plate, after exposure to direct sunlight, is 
immersed in liquid toner containing charged particles (Savin Cor- 
poration, Stamford, Connecticut). 


Monroe electrostatic voltmeter (J. Monroe Electronics Inc., 
Lyndonville, New York) to detect any effects, due to charge, 
on the exposed silver iodide films. This was probably because 
the probe could not be brought any closer than about 100 um 
from the surface, and the instrument is not sensitive enough at 
this distance to detect such low voltages. 

It is interesting to speculate about the physical mechanism 
of the observed optical charging. As is well known, in the normal 
photographic process with silver halides, exposure to light 
causes a latent image of metallic silver atoms to be formed and 
the release of bromine atoms. The bromine atoms are highly 
unstable, and recombination to silver bromide (fading of the 


Fig. 3 Scanning electron micrograph of carbon toner on silver 
iodide. 


latent image) occurs rapidly in the absence of a gelatin matrix’. 
In the case of daguerreotype plates, it is possible that the high 
electron affinity of iodine atoms may be satisfied by diffusion 
of electrons from the nearby substrate of metallic silver, thus 
contributing to the negative charge image. Alternatively, photo- 
electrons ejected from the silver interface may become trapped 
in the overlying silver iodide layer. Either process may explain 
the increased sensitivity obtained by adding to the iodine the 
halogens of greater electron affinity. 

Further research may be able to discriminate between these 
and other possible mechanisms for the photocharging behaviour 
observed with daguerreotype plates. The use of liquid toners 












with positively harged colloidal particles of white coloration 
(such as titanium dioxide) will produce daguerreotypes without 
: resorting to the toxic mercury vapour process. 
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‘Mechanical stress induced in a condensed material relaxes by way 
of viscous flow, that is by slippage of neighbouring molecules past 
each other and by the frictional dissipation into heat of the 
‘potential energy between them. We show here that this is not 
ecessarily the only way by which energy of deformation can be 
dissipated. The breaking of chemical bonds within mechanically 
‘stressed molecules participating in a chemical reaction provides 
an alternative and parallel pathway for relaxation and is thus a 
factor in rheological description which has not been adequately 
‘ecognized. A chemical change not only alters the composition of 
the system, and thus the response of its material, but also directly 
modifies the time scale of the relaxation modes of the molecules 
participating in the reaction. The involvement of chemical reactions 
rheological processes has very broad implications, as most real 
systems~—certainly all living systems—undergo chemical changes, 
although the rates of these may vary considerably. 

. Stresses and strains are induced when a force is applied to 
‘the surface of a condensed material system. In the resultant 
deformation, the atoms of which the material is composed are 
‘displaced from the potential energy minima characterizing the 
unstressed state. The internal stresses so generated must balance 
at each point. Hence, the extent of the displacement of the 
various atoms depends on the nature and steepness of the local 
potential energy gradient. For example, a very small displace- 
ment. will generate the required stress between atoms linked 
ovalently to each other, whereas a much larger shift in position 
will be needed to generate an equal force between two non- 
ovalently linked first-neighbour atoms. Superimposed on these 
deterministic, internal, stress-producing interatomic shifts are 
pontaneous, random, thermal displacements in the material. 
‘These are.always present, at a finite absolute temperature, even 
the stress-free case, and in thermodynamic equilibrium. They 
volve not only the rapid vibrations of individual atoms about 
“their potential energy minima, but also the slower transitions 
of assemblies of atoms, that is, of groups, molecules or com- 
_ plexes, from minimum to minimum and back. When stresses 
generated by externally applied forces are present, they act to 
_bias these transitions and thus to produce permanent deforma- 
tion-or flow. Different materials are distinguished from each 
other by the number and nature of the groups, molecules or 
complexes which are capable of substantial change in form or 
position at the temperature in question within the time scale of 
interest: 

It is often possible to describe a material system as a linear 
combination of mechanisms for the relaxation of applied stress, 
with-each mechanism corresponding to a degree of freedom of 
the atoms of which the system is composed, and associated with 
atime whose magnitude depends on the primary and secondary 





structure of the molecules of the system and their relationship 
to surrounding molecules. Each mechanism makes a contribu- : 
tion of order ky T to the modulus for instantaneous deformation, 
where kg is the Boltzmann constant and T is the: absolute. 
temperature. The instantaneous modulus, that is, the stress. 
induced per unit volume by unit strain instantly applied, is thus 
determined by the number of mechanisms per unit volume. As. 
the number of mechanisms is a measure of the number of degrees. 
of freedom, that is, of the number of atoms per unit volume, 
the instantaneous moduli of condensed phases are all relatively: 
similar. The differences between material systems arise from the: 
ways in which these mechanisms, essentially constant in total 
number per unit volume, are distributed over the relaxation-time 
axis, that is, by the spectrum of mechanical relaxation times. 

When deformations are small, or flow is sufficiently slow, all 
events are linearly additive. It has then been usual to assume 
that, despite deformation, relaxation and flow, the material 
remains chemically and rheologically the same at all times. There 
are neither mechanically-induced chemical changes, nor chemi- 
cally-generated compositional changes superimposed on the 
mechanical workings of the system. 

The question may, however, be asked, what are the effects on 
the mechanical relaxation of such a system if its molecules can 
interconvert chemically'? These effects, it turns out, transcend 
the obvious ones resulting from the change in composition’. 
The molecular rearrangements caused by the chemical reaction 
provide additional pathways along which energy of deformation, 
stored in the mechanical relaxation mechanisms of the reacting 
species, can be transferred or dissipated into heat. The instant 
‘switching on’ of a chemical reaction thus has two consequences: | 
(1) the relaxation times characteristic of the mechanical relaxa- 
tion pathways of the reacting molecules in the absence of 
chemical reactions are instantly lowered, and (2) the composi- 
tion of the system and hence the number of mechanisms corre- 
sponding to each relaxation time is altered at the rate of the 
chemical reaction'*"*, 

Therefore, if the change in mechanical response characteris- 
tics, during the period of chemical transition, is measured by 
the dynamic storage and loss moduli, the transients in these 
parameters should show the effects of the changes, both in the « 
relaxation spectrum and in composition’, Hence, a homo- 
geneous system, already possessing the composition of the reac- 
tion in chemical equilibrium and thus not subject to composi- 
tional change, will nevertheless produce a transient when the 
reaction, originally ‘frozen’, is initiated. In the general case of 
arbitrary starting composition, of course, the consequences of 
both effects are experienced. 

In order to exemplify these ideas, let us consider a system 
composed of three rheologically-active macromolecular species 
which can interconvert. The chemical reactions will be assumed 
to alter the stiffness of the polymeric chains. For example, let 
us assume that there is a ring system associated with each 
monomer, which reduces the flexibility of the chain. Let us 
further assume that there are catalysts present which can selec- 
tively open or close these rings. Let species 1 be the stiffest 
polymeric species and let each molecule of 1, in dilute solution; 
contribute a Rouse-like relaxation time spectrum, 7).:)= 1, 
Tray = 1/4, Trey = 1/9,.-. Tp) = L/p*.... We assume that there 
are four species of catalysts present: one OF these, (21), converts 
a molecule of | into a molecule of 2 by opening the ring structure 
at every second monomer unit; another, (32), reacts with a 
molecule of 2 and opens all of the remaining ring structures, 
converting it into a molecule of 3; another, (23), reverses the 
action of (32); and the remaining one, (12), reverses the effect 
of (21), Catalysts (21) and (32), acting simultaneously, take a 
molecule of 1 directly into one of 3, and catalysts (23) and (12), 
acting together, cause 3 to revert to 1. Molecules of 3 are thus. 
more flexible than those of 2 and the respective Rouse relaxation. 
time spectra of species 2 and 3 are taken to be tyy = 1/9, 
Tag) = 1/36, Taa = 1/81,. » Ta py = BPF.. and Taq) = 1/100 
Tan = 1/400, Tagy = 1/900, . -Tap = 1/(10p},. . In practice, 
we shall consider only the first three relaxation mechanisms ino 
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each case. The time scale is arbitrary and is taken with respect 
‘to the longest relaxation time, 7i), which is set equal to one. 
~The three species interconvert according to the following reac- 


x 


tion scheme 


dn, 3 ; 
ay kinj; i=1,2,3 (1) 
“where the n; are the concentrations: the k; are the rate constants 
‘for the conversion of j into i, if j # i, and k; is the rate at which 
__, Lreacts to form the other two species. Thus k,, > 0 if j # i, whereas 
- Ky<0. The time t and the ks are on the same reduced time 
~-seale. as the 7s. The concentrations of the four catalysts 
. described, [12], [23], [32] and [21], stay constant and are included 
inthe appropriate constants k, For example, k,.= k/2[12], 
«0 Ky = k5,(21] — k4,[32]21], etc. In our case, let the scheme K 
> of rate constants have the following values 









-1 2 5 
K =(kj)=[2/3 -3  5ļ|x1® (2) 
1/3 1 —10 







fhe solution of equations (1) and (2) implies that, at equilibrium, 
the concentrations n* of the three species are in the following 
ratio: 





n¥:nf:nž=15:5:1 (3) 


~“ Ifwenow assume that each macromolecule has the same number 
of mechanisms H associated with each of its relaxation times, 
-then the number of mechanisms will be given by Nip = Fin, 
Consequently, the number of mechanisms per unit volume, at 
equilibrium, NÝ p), will also be in the ratio given by equation (3). 
Af linear viscoelastic behaviour is assumed and there is no 
chemical reaction, the stress oyp) induced in the Np) mechan- 
isms by a time rate of strain dy/dt will be given by 


((d/dt)I+A)o = kgTN(dy/dt) (4) 


where o and N are vectors having the nine quantities oip; and 
Nipp respectively, as elements. In equation (4), I is the (9 x9) 
_ identity matrix, and A is a (9x9) diagonal matrix with the nine 
< = quantities |/7,,,) along the diagonal. The integration of equation 
(4) is straightforward. 
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Fig. 1 Frequency (w) and time (1) dependence of the dynamic shear loss modulus (G”) in the presence of a chemical reaction transient. 
Units.are arbitrary, but the same for a, b and c The system comprises three macromolecular species, possessing truncated Rouse relaxation-time | 
ctra, undergoing macromolecular interconversions; only the three longest relaxation times are considered in each case. Oscillations started. 
€ 1= —100. The chemical reaction started at time t= 0. The initial composition in a matches the composition at chemical equilibrium: 
1 band c the initial concentrations of species 1 and 2 are zero. The dissipation modes are: a, b, no transfer of energy of deformation from. 
agents to products and total direct dissipation into heat as each stressed molecule reacts: c, partial transfer of energy of deformation from ` 
reagents to products with the remaining energy dissipated directly into heat. Note that the experimental determination of G”, at a certain 
«frequency w, requires a minimum of time of the order 1/ w, During this period, the system should remain essentially unchanged chemically 
Otherwise, the measurement becomes difficult to interpret. If the mean chemical conversion time is 1/(k), then the time for measuremen 
I/@, must be shorter. Hence only that portion of the theoretical transient in G" lying at frequencies w larger than (k) can conveniently be 
verified. In the present example, the chemical transient occurs between t= 0.0001 and 0.001, so that the critical value for logio w lies between 
3 and 4, 
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Let the system have a composition N = N° at the time, t= 0, 
when the reaction (1) is started. With the start of the reactioi 
N, in addition to o and dy/dt, becomes a function of time. If. 
this were the only effect of the reaction, the principle for solvin 
equation (4) would not be changed. However, when a molecu 
of j reacts to form a molecule of i, the energy of deformatio: 
stored in the mechanisms j(s) of that molecule must either be 
transferred to the mechanisms i( p) of the molecule i, which i 
formed at the rate of the chemical reaction, or be totall} or 
partially dissipated as heat. 

To allow for this, we introduce the stored-stress rate of distri- 
bution matrix, A. This is a (9x9) matrix whose elements are | 
given by 





























Aip) = Fiver (5). 


where a; »);(s) is the fraction of the stress stored in a mechanis 
j(s) which is transferred to the mechanism i( p) of the molecul 
i as it is formed. Clearly È, ai¢p)¢s) 1 and (1-Y), ai); 
represents that fraction of the stress stored in the mechanism! 
j(s) at time t which is dissipated as heat. At times t > 0, equati 
(4) must be replaced by 


((d/dt)I +A- A)o = kgTN(dy/dt) (6) 


If we assume that all of the stored energy of deformation is 
dissipated as heat as the molecules react, the off-diagonal ele- 
ments of A are all zero. In this case, equation (6) can be writter 


((d/dt)I + Ao = ky TN(dy/dt) 


where A’ is a diagonal matrix with elements 1/7/;,) on the 
diagonal, given by 


1/ Tip = M tie py ™ Ka (8): 


As the k; in equation (8) are negative, Tip) © Tip); The integra- 
tion of equation (7) is again straightforward. ; SS 

If y is taken to be a sinusoidally-varying shear strain of. 
constant amplitude yọ and frequency œw, we can compute th 
real and imaginary components, G'(w) and G"(w) respectively, | 
of the complex dynamic shear modulus’. Because of the reaction 
both G'(w) and G"(w) become functions of time, at t=0, until 
chemical equilibrium is established. Frequency, œ, is again 
reduced to the same time scale as 7. we 




























































es discussed above: 
Fig. la, the initial mechanism concentrations N° are ‘equal 
to those at chemical equilibrium, N*; in Fig. 1b and c, the initial 
‘mechanism concentrations are NY p= = Nip») =0 and NX p= 
‘constant. Thus, changes in composition when the reaction is 
switched on occur only in the latter two cases. Each curve in 
the t= constant plane gives G" as a function of the frequency 
‘wy these curves are zero-order approximations to the relaxation 
‘time spectrum, with 1/w to be regarded as a measure of 7. The 
curve at t= is thus the spectrum characterizing the system at 
all times before the start of the reaction. 

Because, in the case in Fig. la, there is no change in N, the 
transient observed is owing to a switch from the spectrum Ticp) 
to the spectrum Tip) (equation (7)). The alternative pathway 
» for dissipation of energy of deformation that is suddenly opened 
through the reaction accounts for the transient in G”. However, 
in the case in Fig. 1b, N also changes at times t = 0. The transient 
-is-thus different, but the final states in Fig. la, b and c are all 
“the same. Figure tc illustrates the case of a non-diagonal A, 
“that is, a case where there is also a transfer of energy of deforma- 
tien, from mechanism to mechanism, as the macromolecules 
interconvert. The difference between Fig. 1b and c is very small, 
“however, and this seems to be typical of all cases of non-diagonal 
As which we have examined. 

We have chosen the relaxation times Tp) of each 
acromolecular species to follow the pattern of a typical Rouse 
pectrum, but have used in our computations only the first three 
relaxation modes (p = 1, 2,3) at the long-time end of the spec- 
m. This accounts for the unusual frequency dependence of 
G"; which lacks its usual high-frequency part. 

The process by which displacement-induced stresses relax can 
viewed as a progressive loss of interatomic correlation. At 
ny iñstant, a system will be in a definite configuration and all 
f its. component atoms can be identified and assigned definite 
sition coordinates. At that moment there is total correlation, 
ut as time progresses, most of these correlations are lost. 
lexible molecules will deform, but correlations between atoms 
n covalently linked molecules will, on the whole, be maintained. 
Correlations are lost as a result of two processes: spontaneous 
herfnal agitations and chemical reactions. The effectiveness of 
thermal agitation depends on the organization of the secondary 
ionds between the molecules in the system. Systems can range 
from being almost always perfectly correlated in their secondary 
‘bond structure, as in crystals at low temperature, to those suffer- 
ing an almost immediate loss of identity, as in gases at high 
mperature. When a chemical reaction is superimposed, some 
covalent bonds can now break and re-form, as well. As a result, 
certain additional correlations are no longer maintained and a 
further pathway for configurational rearrangements, that is, for 
terial displacement and flow, has been gained. 

An example will illustrate these ideas. Let AA react with BB 
to give 2AB. The correlation between the atoms in each of the 
parts A is maintained, but not those between the two parts of 
olecule AA, although A does not occur as an independent 
lecular species. In such a system, relaxation of mechanical 
tress can take advantage both of the capacity of a grouping A 
to undergo thermal displacement as part of a molecule of AA, 
and of the capacity of this grouping to transfer, in a chemical 
reaction, from AA to another AA or to AB. There is a sense, 
t refore, i in which it is more appropriate to view such a system 
of molecules AA, BB and AB as a system containing only the 
ntities of maintained correlation, A and B. Mechanical stress 
laxes by taking advantage of all mechanisms by which arrange- 
ents of entities such as A and B become decorrelated. 

We have considered in this analysis only the fate of energy 
f deformation stored in molecules subject to the ‘trauma’ of a 
hemical reaction. During the energetic upheaval involved in 
such a chemical reaction, we have supposed that all, or part, of 
the stored mechanical energy is dissipated into heat at the rate 
‘of the reaction. We have not considered here the effect that the 
energy put into the molecules mechanically may have upon the 
rate of the reaction and its equilibrium, say, by favouring either 


the: forward ‘or the reverse process otropy 





thixotropy)°. We have also not considered here the possibil 
that some of the energy released by the reaction could find its 
way into mechanical deformation modes ‘and thus produce- 
changes in shape and motion directly, that is, by acting as a 
converter of chemical energy into mechanical energy via 
immediate molecular pathways (mechanochemistry®), rather 
than through specialized macroscopic devices such as engines: 
and motors. 
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Ruthenium, one of the rarest metals of the platinum group, has 
not previously been investigated in ocean waters and sediments 
because of its low concentration therein and the lack of sensitive 
analytical methods. However, the study of ruthenium distribution 
in the ocean is of interest not only in oceanology but also in 
geology, geochemistry and cosmochemistry, as it may help in 
understanding the lithosphere formation processes. We report here 
the results of ruthenium trace determination in various oceanic 
environments carried out using a combination of methods including 
fire assay enrichment and laser photoionization spectroscopy in 
conjunction with vacuum atomization’. The ruthenium content in’ 
the marine environment fluctuates in the range covering 4-5 orders 
of magnitude: ~ 1 p.p.t. (parts per 10'*) in marine water, tens of | 
p.p.t. in marine biogenic material, 10-100 p.p.t. in bottom sedi- 
ments and marine phosphorites, and >1,000 p.p.t. in ferro- 
manganese nodules and the Red Sea metalliferous sediments. 

As the analytical information on ruthenium is limited, its 
abundance in the Earth’s crust has only roughly been estimated 
at 10-100 p.p.t. (ref. 2). Using conventional analytical methods 
for determining the Ru content in natural objects, the best results 
(detection limits 1-10 p.p.b. (parts per 10°))° have been obtained 
only after preliminary chemical concentration’ or fire assay 
concentration’ of ruthenium from large (100-500 g) samples... 
The complexity of the multistage chemical treatment of samples 
and the volatility of ruthenium oxides make such a concentration- 
technique labour-consuming and not very reliable. The method 
of fire assay concentration of ruthenium in lead alloy is more 
convenient, and this is what we have used in our experiments. © 

The fire assay enrichment procedure*® consisted of fusing. 
25 g of the sample with litharge (PbO) and appropriate. fluxes 
at 1,000 °C. Ruthenium is collected in a metallic lead alloy (lead 
button) of mass 30-40 g. After mechanical separation of slags, 
the lead button produced was reduced to 50-100 mg by oxidizing 
in a porous vessel (cupel) with an air flow at a temperature of 
900- 1,000 °C. According to Kolosova® such lead button reduc- 
tion does not cause ruthenium losses. When analysing seawater, 
the volume of about | 1 of acidified water was evaporated to 
dryness, followed by fire assay enrichment of salt. The enrich: 
ment factor obtained by this method was 107-107, o 








. Table É Chemical composition and Ru content of investigated samples 





Sample 
Clayey-siliceous 
ooze 
od. Clayey-siliceous 
© ooze. 

` Metalliferous 
sediment 

< Metalliferous 

sediment 

. Ferromanganese 
nodule 

Ferromanganese 

nodule: 

Ferromanganese 

nodule 
. Ferromanganese 

orust 

Phosphorite 

(Pliocene) 

“Phosphorite 

(Plistocene) 


(c taceous) 


Whale vertebra 
» Whale rib 


» Ocean water 
~ Interstitial water 


Location 
[lat., long., depth (m)] 


Northern Pacific 
[14°23' N, 117°18' W, 4,125] 
Southern Indian Ocean 
[8°45’S, 102°19’ E, 5,300] 
East Pacific Rise, 
[38°S6' S, 99°58’ W, 4,330] 
Red Sea, Discovery Deep 


Northern Pacific, 
[14°27 N, 117°18" W, 4,125] 
Northern, Pacific, 
[10°58 N, 153°22"'W, 4,980] 
Southern Pacific, 
[22°45 S, 160°30 W, 4,850] 
Mid-Pacific Mountains 
[20°41' N, 170°32' W, 1,930] 
Sea of Japan 
[38°43’ N, 130°12' E] 
Mid-Pacific Mountains, 
[32°16 N, 172°51°E, 370} 
Mid-Pacific Mountains, 
[18°31' N, 175°06' W, 1,050] 
Namibian shelf, 
[22°08' S, 13°58’ E, 85] 
Chile shelf, 
[21°07'S, 70°21 W, 150] 
Namibian shelf, 
[17°24 S, 11°33" E, 120] 
Nämibian shelf, 
19°24 'S, 12°15 'E; 130 
Bay of Biscay, Surface 
Southern Indian Ocean, 


Ru* 
(p.p.t.) 
250 


150 


1,700 


of siliceous-clayey 
ooze 
x: Atmosphere aerosol 


[8°45 S, 102°19°E, 5,300] 
Northern Atlantic, 
[20 March 1983, 5°43’ N, 29°13’ W~ 
21 March 1983, 10°37. N, 27°59’ W] 


ND, Not. determined. 


Fe,O, 


MnO ALO; 
%) (%) (% } 


3.25 0.50 11.09 
Lt 9.5 
8.36 


06 


Traces 


Traces 


Ruthenium values are averages of triplicate analyses and analytical precisions (to) are 15 and 25% for solid and water samples respectively.. 


t After ref. 15 in p.p.t. 


The lead produced after cupellation was put into the graphite 
crucible of the electrothermal atomizer. inside a vacuum 
amber: After it was evacuated to a pressure of 107% mm Hg, 
the crucible was heated to.900 °C. In this case lead evaporated, 
ee “while ruthenium, because of its extremely low volatility, was 
"© concentrated in. the residuum. In this way, the matrix was 
evaporated for 15-40 min. The rest of the sample was atomized 
with the crucible. temperature increasing gradually up to 
2,400 °C. The resulting atomic vapour was formed by the cylin- 
- drical channel. of the crucible into an atomic beam: This beam 
‘Was irradiated between two plane electrodes by the radiation 
of three pulsed dye lasers tuned for three-step. excitation of 


ruthenium atoms to the Rydberg state 4d75s(°F.) 222" 


P5s3p(7D9) S22, 4d768(2F,) 22222" 4d717p. 20 ns after 
laser excitation the Rydberg atoms of ruthenium. were ionized 
by an electric field pulse fed to the electrodes. The ions passed 
through the slit in one of the electrodes and were detected by 
_ an electron multiplier. The laser photoionization analytical spec- 
_) trometer is described in:detail in-ref. 1. 
Figure la shows the typical dependence of an ion signal on 
evaporation time with the atomizer temperature increasing 
gradually. The content of ruthenium in the sample is determined 
_by integral selective ion signal. To distinguish the Ru selective 
| from the total ion signal, the frequency of one laser was 
tuned off the resonance of the corresponding transition’. The 
on signal was calibrated using a curve constructed on the basis 
of copper samples containing a standard quantity of ruthenium. 

‘he possibility of such calibration was confirmed by the equality 
of the signals from copper and lead alloys which had Collected 
ruthenium from standard samples of ruthenium-bearing ore. 
< The detection limit of Ru in a lead bead was about 0.5 p.p.b. 
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Fig. 1 a, Typical dependence of the ion signal on evaporation 
time and atomizer temperature for the lead bead of 100-mg weight. . . 
The dips are caused by the detuning of the first-step dye laser- 
wavelength from the Ru absorption line to provide a reference” 
baseline. The selective signal of ruthenium is defined by the area 
between the ion signal curve and the dashed line. b, Time depen- ; 
dence of the atomizer temperature. ; 








into consideration the concentra 

tion limits are 1 p.p-t. for solid samples and 0.03 p.p.t. for waters. 
‘Typical blanks ranged from less than. the detection limit to 
‘7 p.p.t. (solid samples) and 0.2 p.p.t. (waters), 

‘Table 1 lists ‘the investigated materials and the results 
btained. The ruthenium content in the biogenic siliceous- 
clayey sediments from the Pacific and Indian Oceans amounts 
‘to-150-250 p.p.t. In the metalliferous sediments enriched in iron 
and other metals, the ruthenium content is much higher: in the 
sample from the East Pacific Rise, 1,700 p.p.t.; from the Dis- 
covery Deep in the Red Sea, 7,600 p.p.t. Both samples show 
7-8-fold enrichment in iron as well as in ruthenium, compared 
with ordinary sediments. The comparison with other metals 
listed in Table | shows no such correlation. 

The metalliferous sediments of the Red Sea are characterized 
by the high content of several metals, including gold and silver’, 
‘which could be explained by the corrosive nature of brines 
“percolating rocks and sediments of the rift zone on their way 
to. depressions. Thus, the ore fluids can be enriched with heavy 
metals in different ratios depending on the local conditions. 
Another group of ocean formations enriched in iron, 
manganese and heavy metals are ferromanganese nodules and 
crusts’. The ruthenium content in investigated nodules varies 
between 1,600 and 3,500 p.p.t. The lowest content is found in 
the nodule from the South Pacific. Whereas two samples from 
he North Pacific show the two-fold enrichment. The maximum 
“of 3,800 p.p.t. is found in the ore crust from a sub-sea mountain 
‘of the northern part of the ocean. Comparing these results with 
the other metal contents shows that the distribution of ruthenium 
“might be correlated with nickel variations in the nodules and 
cobalt variations in the crust. The high content of ruthenium 
had ‘been previously determined in standard nodules from 
acific (4,700 p.p.t.) and Atlantic nodules (18,000 p.p.t.)!°. 
rious kinds of ultramafic rocks contain from 700 to 2,000 p. p.t. 
f Ru on average'', commensurate with the Ru content in 
erromanganese nodules, but lower than that in the metalliferous 
ediments occurring in the Red Sea. 

Phosphate rocks consisting mainly of calcium phosphate 
elong, too, to the genetically-complex formations on the sea 
r<. In the samples that we studied, ruthenium content varies 
‘between 23 and 660 p. p.t. The phosphorite sample from the 
sub-sea mountain in the Sea of Japan is the lowest in ruthenium 
ontaining only 23 p.p.t. In the phosphate rocks from the mid- 
cific mountains, the content of ruthenium is much higher 
(170-260 p. pt.) and reaches its maximum in the lithified 
‘Holocene nodule from the inner shelf of Namibia, 660 p.p.t. 
he distribution of ruthenium in the analysed phosphorites does 
ot correlate with any of their macro- or microcomponents. The 
only specific feature of chemical composition of the phosphorite 
that differentiates it from the other ones is an increased content 
of organic matter in it'?, which might be the cause of ruthenium 
‘oncentration. 

: In the fish and marine mammal bones from the bottom of the 
Shelf regions of the ocean, the ruthenium content ranges from 
6 to: 350 p.p.t. In the slightly lithified fish bones from the shelf 
f Chile it reaches 56 p.p.t. and increases in the slightly lithified 
porous whale vertebrae and rib from the shelf of Namibia to 
‘90. and 350 p.p.t. The behaviour of ruthenium in this case seems 
‘to: depend on nickel, its content increasing from 0.0001 to 
0.0005 % . respectively. 

n the sample.of seawater from the Bay of Biscay, ruthenium 
makes up 1.3 p.p.t. This value is almost the same as the 
thenium content cited in ref. 13 but two orders of magnitude 
higher than that of palladium determined by Lee'*. Thus, the 
ncentration of ruthenium in seawater is two orders of magni- 
tude lower than in pelagic sediments. Most other heavy metals 
characterized by similar feature: their content in seawater 
usually 3:or 4 orders lower than in sediments’? 

“In the. interstitial water of siliceous-clayey ooze from the 
ian Ocean, ruthenium content is 6.9 p. p.t. This shows that 
in the’process of pelagic ocean diagenesis, ruthenium is able 
nly to undergo some redistribution between the solid and liquid 

































































l ga 
with ruthenium may depend on both its supply from 


and interstitial water. 

Of particular interest is a high content of ruthenium in the. 
atmosphere aerosol sample (910 p.p.t.) taken in the centre of- 
the North Atlantic at the latitude of Sahara. This concent ; 
is about three orders of magnitude higher than in seawater and 
4-5 times higher than in pelagic bottom sediments. Such enrich-. 
ment may be considered as evidence of cosmogenic supply of 
ruthenium to the ocean owing to high ruthenium content in 
cosmogenic materials'’'’. Similar hypotheses had been sug“ 
gested for nickel and platinum metals concentrated in the. 
oceanic sediments and in ferromanganese nodules!*!?, 
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The former existence of palms on Easter Island has been demon- 
strated palynologically'*, but the genus could not be determined 
from pollen morphology. We now report the discovery on the island 
of endocarps (shells) from palm fruits which appear to be those _ 
of an extinct species related. to the Chilean ‘wine palm’, Jubaea. 
chilensis (Molina) Baillon. The endocarps, found in caves, have - 
all been gnawed by rodents, which could have helped to make the 
species extinct. The radiocarbon age of the endocarps is 820+ 40yr 
BP, which falls within the phase during which deforestation 
occurred on the island’ and the giant statues (moai) were erected”, 
Decline of the palm could have contributed to the decline of the 
moai culture. 

The pollen record’ shows that palms have. existed on Easter 
Island since at least 37,000 BP, but declined to extinction within: 
the past 1,000 years. The fossil pollen (Fig. La) is of the monocol- 
pate type with a rough surface, which is common to many palm- 
genera including Cocos* and Pritchardia’, both widespread in 
the Pacific, and also Jubaea which occurs in Chile. The pollen 
was provisionally assigned to Pritchardia (O. Selling, quoted in 
ref. 1). i 
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Fig. 1 Pollen grains in the scanning electron microscope. a, Fossil 
pollen from Easter Island; b, pollen of Jubaea chilensis; c, pollen 
of Pritchardia minor: d, pollen of Pritchardia gaudichaudii. 


A few Cocos nucifera trees exist on the island today but these 
are of known introduction’. Palm stumps, believed to be those 
of coconut, were seen in 1868 (ref. 6), but they could, presum- 
ably, have belonged to other species of palm. Legends describe 
the former existence on the island of a tree called makoi nau 
opata which had an edible fruit, and was used as food by the 
early settlers, but which no longer survives. 

On 20 July 1983, J.-M. Groult and A. Gautier of the Groupe 
d'Etudes et des Recherches Spéléologiques Rouen Ile de Paques 
were exploring a newly-discovered cave near Ana Okeke on the 
cliffs of the Poike peninsula towards the eastern end of the 
island. On the floor of the cave they found about 30 palm 
endocarps (Fig. 2a), all gnawed. A further single endocarp, 
similar to the others, was found in August 1983 in a small recess 
in the face of Ahu Ma'itaki Te Moa on the north coast of the 
island by M. Symond. 

Four of the best-preserved endocarps have been examined. 
The hard, 2-3-mm thick endocarps are faintly three-angled, 
three-edged and bear three clearly defined pores. They are clearly 
endocarps of a palm belonging to the cocosoid major group, 
and their identity can be narrowed down to the Cocos alliance’. 
Of the genera in this alliance, the Easter Island endocarps are 
closest to those of Jubaea, a monotypic genus of Chile, but are, 
however, consistently different from extant J. chilensis (Molina) 
Baillon (Fig. 2b). Three of the four endocarps available for 
examination are oblate, 30-34 mm in diameter at the equator; 
the fourth is subspherical, some 25 mm in diameter. The pores 
lie just below the equator. In J. chilensis the pores lie nearer to 
the base of the endocarp; the equatorial diameter does not 
exceed 24mm. We conclude that the Easter Island endocarps 
belong to a cocosoid palm related to but distinct from J. chilensis. 
Unfortunately generic delimitation in this alliance is based 
largely on details of influorescence and flowers; thus it is not 
possible to indicate whether the Easter Island palm is an 
extinct species of Jubaea or whether it represents a distinct 
genus. 

We performed '*C dating on several of the fruits. Although 
the samples appeared to be well preserved, the soluble organic 
fractions, which may have represented postmortem contamina- 
tion by foreign organic material, were removed by a series of 
alternating digestions in hot (80°C) acid (2 M HCI) and alkali 
(0.5 M KOH). This decontamination procedure was followed 
by washing to neutral pH with distilled water. The residual 
carbon recorded a conventional radiocarbon age value (SRR- 
2430) of 820+ 40 yr BP. Conversion of this radiometric age esti- 
mate via dendrochronological calibration® places a 95% (2c) 
confidence on the fruits having grown at some time in the 
calendar span AD 1040 to 1280. 


Fig. 2 a, Endocarps found in a cave on Easter Island. b, 
Endocarps of Jubaea chilensis cultivated in the Temperate House, 
Royal Botanic Gardens, Kew. 


The ratio of stable carbon isotopes ('*C/'*C) in plant tissues 
can provide in many instances a clear indication of the metabolic 
characteristics of the species”. Unfortunately in this respect 
the recorded enrichment value (6 '*Cpp, = —21.2%) falls firmly 
in the overlap between those ranges of '*C enrichment that can 
be recognized as indicative of the C, (Calvin cycle), C4 (‘dicar- 
boxylic acid’ cycle) or CAM (crassulacean acid metabolism) 
photosynthetic pathways. 

The toothmarks on the endocarps are consistent with gnawing 
by rodents. The main rodent on the island today is the Norwegian 
rat, Rattus norvegicus, thought to have been introduced since 
Europeans discovered the island in AD 1722 (refs 1, 11). The 
Norwegian rat is believed to have ousted an earlier colony of 
Polynesian rats. In archaeological excavations at Anakena on 
the north-east coast of the island, we recovered bones of the 
Polynesian rat Rattus concolor, probably introduced by the early 
settlers. It is probable that this species gnawed the endocarps 
found in the cave, although the toothmarks are rather small to 
be those of rats (A. J. Stewart, personal communication). The 
same excavations produced numerous fragments of palm 
endocarps similar to those under discussion, suggesting that the 
fruits were also part of the human diet. 

The pollen of J. chilensis (Fig. 1b) is similar to the fossil 
pollen (Fig. 1a) found in swamps on the island. Both pollen 
grains have a rugulate surface. The fossil pollen differs, however, 
from that of the two species of Pritchardia with which it has 
been compared (Fig. 1c, d). Both Pritchardia species have pollen 
grains with a fossulate, not rugulate surface. 

From the pollen record’, it appears that the extinct palm was 
important in the island vegetation; it may have been the 
dominant tree in the lowlands, Deforestation occurred in the 
past 1,000 yr (ref. 2); most of the giant statues were erected 
during the same period’. Man is believed to have reached the 
island about AD 400’, so it is possible that the extinction of the 
Easter Island palm was caused by a combination of direct 
deforestation and prevention of reproduction, the latter resulting 
from eating of the fruits by man and the introduced rats. 

Not all members of the Cocos alliance have large erect stems, 
but if the extinct palm was similar in morphology to J. chilensis, 
it would have made suitable levers for the movement of the 
moai; its smooth cylindrical trunk could have been cut into 
rollers for the same purpose. The construction of moai ceased 
suddenly in AD 1680 (ref. 1); this may have been caused by the 
extinction of the palm. # 

J.R.F. acknowledges the assistance of the Chilean government 
in visiting the island and the Easter [sland Museum in permitting 
removal of specimens. The remaining palm endocarps are 
retained at the museum. 
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The per locus of Drosophila melanogaster has a fundamental role 
n the construction or maintenance of a biological clock. Three 
lasses of per mutations have been identified: per’ mutants have 
‘circadian behavioural rhythms with a 29-h rather than a 24-h 
period, per’ mutants have short-period rhythms of 19 h, and per’ 
wtants have no detectable circadian rhythms’, Each of these 
nutations has a corresponding influence on the 55-s periodicity 
f.male courtship song’. Long- and short-period circadian rhythm 
phenotypes can also be obtained by altering the dosage of the 
Id-type gene“: for example, females carrying only one dose of 
X-linked gene have circadian rhythms with periodicities about 
| h longer than those carrying two doses. In a previous report’, 
ned DNA was used to localize several chromosomal rearrange- 
inf breakpoints that alter per locus function. The rearrangements 
li affected a 7-kilobase (kb) interval that encodes a 4.5-kb 
poly(A)" RNA. We report here that when a 7.1-kb fragment from 
per’ fly; including the sequences encoding the 4.5-kb transcript, 
s introduced into the genome of a per’ (arrhythmic) fly by P 
-element-mediated transformation, circadian rhythmicity of 
haviour such as eclosion and locomotor activity is restored. The 
ransforming DNA complements per locus deletions and is tran- 
scribed, forming a single 4.5-kb poly(A)” RNA comparable to 
that produced by wild-type flies. 
The 7.1-kb HindIIl fragment contained in phage ZW106 
presented by a wavy line in Fig. 1) was inserted into Carnegie 
0 (ref. 7) to.form plasmid pCP1 (Fig. 1). A mixture of pa 25.1 
(ref. 8), which contains a functional P-factor, and pCP1, which 
contains a defective P-factor that can be rescued by pa 25.1 and 
wild-type rosy gene (ry*) that affects eye colour, was microin- 
ected into the region of pole cell formation of preblastoderm 
per :ry* ? embryos. Survivors were pair-mated with y per? ;ry 
ies, and Fj progeny were scored for wild-type eye colour, which 
icates successful germ-line integration of pCPI sequences 
(see Fig. 1 legend). Transformed lines were maintained as 
h ferozygotes, with respect to the transforming DNA, by back- 
rossing to y per’:ry™* flies. 
_ One such transformed line, strain per’; ¿Pi 48C (y per°/ Y; 
48C/+iry?/ry? males, and y per’/y per®;P1.48C/+; 
ry” females), carries a single transposon insertion at poly- 


: ts of total genomic DNA from flies carrying P1.48C indi- 
cates, that the transforming DNA is present in a single copy, 
ind has the structure predicted from the restriction maps in Fig. 
data not shown). Derivatives of this strain of flies were 
subjected to a series of behavioural tests to determine whether 
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Fig. 1 Physical map of per region DNA and the construction of 
transforming DNA, pCPI. The positions of two chromosomal 
rearrangements, T(1;4)JC43 and Df(1)TEM202, are shown rela- 
tive to phage ZW106 (ref. 6). Solid bars represent DNA still present 
and in the wild-type configuration, while the location of each 
chromosomal rearrangement breakpoint is shown as an open bar® 
(see text for details), 
Methods: Transforming DNA was constructed as follows: ZW106 
was digested to completion with the restriction endonuclease . ov 
Hindili (H, Hindli; R, EcoRI; Bg, Bgllt; X, Xhol). The 7.lskb> 
fragment (shown as a wavy line in ZW106) was purified froma 
low-melting point agarose gel. Carnegie 20 (ref. 7) was partially 
digested with Hindili and treated with calf intestinal alkaline 
phosphatase (CIAP) to prevent self-religation. The 7.1-kb fragment «> 
was ligated to the partially digested vector and introduced into...’ 
Escherichia coli (HB101). Transforming DNA sequences were’. 
mapped with restriction endonucleases and one, pCP1 (shown in 
figure), was chosen for microinjection into Drosophila. pCP1 con- 
tains the recombinogenic ends of a truncated P-factor’ (W), per 
locus DNA (w), a wild-type rosy gene (A), and a combination of 
DNA . Sequences from E. coli and the Drosophila melanogaster white 
locus’ (©). The part of pCP1 that is inserted into the Drosophila... é 
genome by P-factor-mediated transposition includes both per and 
rosy” DNA, and is represented by}. pCP1 was mixed with p7r25, tee 
which mobilizes the P-factor associated with pCP1 in trans*, ata 
5:1 concentration ratio (350 pg mi~’ final concentration), and the 
mixture was injected into Drosophila embryos of the genotype 

y per” ry. Germ-line integration of pCP1 DNA sequences results 
in a heritable change in eye colour (from rosy to wild-type). Because 
both per* and rosy* DNA sequences are integrated as a unit, flies 
with ry* eye colour were subsequently tested for expression of 

behavioural rhythms. (For further details, see text.) 


transformation of rhythmic behaviour accompanied transforma- 
tion of eye colour. 

Figure 2 shows eclosion profiles for three strains of flies. Two - 
aspects of circadian behaviour were tested: first, the ability of 
a population of flies to entrain to a light-dark cycle (12:h ofe 
light followed by 12h of dark); and second, the ability of. . 
populations of flies to free-run, or continue to behave rhythmi- 
cally and synchronously, in the absence of the entraining light- 
dark cycle. In the experiments of Fig. 2, flies were kept in. 
constant darkness from day 6 until the end of the expert 
ment. : 

Figure 2a shows that flies carrying one dose of a wild-type 
(Oregon-R) per locus (y per®/ + ;ry®?/ + females) entrain to a 
light-dark cycle and continue to show circadian. eclosion 
rhythms in constant darkness. The period of thesé rhythms is 
~24h during entrainment, and 25 B in constant darkness (see. 
Fig. 2 legend). As ex ected’ ,, per? flies (y per®/ Yin? ry 
males, and y per®/ y per’ ;ry?/ ry” females) eclose arrhythmically ` 
in both sets of conditions (Fig. 2b). Flies in the population 
designated per®:P1.48C (Fig. 2c) differ from those in the per” 
population only by the presence of the transforming DNA on 
one of their second chromosomes, at 48C (y per®/Y:P1.48C/ +; 








‘ig. 2. Temporal profiles of eclosion (emergen: adults: from tolesa ji op 

päl cases) for populations of: a, wild-type females (y per®/ +; 

b, per" males and females (y per®;ry*?/ry*): and c 

r :P148C males and females (y per®;P148C/+ sry*/ry*), 

Eclosion was monitored simultaneously in the three different popu- 

‘lations by manually collecting (at 2-h intervals) the adults that had 

-emerged in culture bottles maintained at 25 °C. Developing cultures 

were entrained to a cycle of 12h light/12 h dark for 3 days before 

¿the start. of collections. This light-dark (LD) cycle was continued 

for the first 5 days of collections, then cultures were maintained 

in constant darkness (DD) for the remainder of the experiment. 

< The LD to DD transition is indicated by the arrow above record 

Collections during DD were made under a low-intensity safelight 

5 W incandescent light with a Kodak GBX-2 filter) which does 

t affect Drosophila circadian rhythms', During entrainment to 

2:12, 24-h period lengths were estimated for the rhythms of 

Id-type (a) and per®;P1.48C (c) populations by measuring the 

€ elapsed between medians of successive peaks of eclosion. By 

the same procedure, wild-type and per®;P1.48C populations have i 

-free-running period lengths (in DD) of 25+ 1.1 h and 26.5+1.9 h, in 
‘respectively. Similar estimates (24~25-h for wild-type and 27-28 h 
“for per®;P1.48C) were obtained from a spectral analysis of the data 
. (Univariate Spectral Analysis BMDP PIT, University of California, 
Los Angeles; see ref. 11 for methods). Spectral analysis revealed 

“fo periodicity in the eclosion profile for per’ flies. 
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_ Fig. 3° Records of locomotor activity from individual flies: a, y per®/Y;P1.48C/+ ;ry*?/ry42 male; b, y per°/y per" ;ry*?/ ry? female: o 
Oregon-R wild-type male; and d, Df(1)TEM202/Df(1)64j4;P1.48C/+ female. Data were collected by maintaining individuals, at 25°C, in- 
cylindrical plastic tubes (containing a small amount of medium) positioned between a light-emitting diode and a phototransistor of the 
“monitoring device'?. The diode used emits light in a range (peak emission 900 nm) that does not affect circadian rhythms of locomotor 
activity. When a fly's movement disturbed the light beam, an all-or-none signal was generated which, when amplified, triggered a pen 
deflection on an Esterline Angus event recorder. Records were constructed by plotting successive days (24 h) of activity one below the other, =; 
then plotting twice the resulting chart of activity'™?. Thus, each record is shown twice, but the second record in every pair is displaced upwards 

© T-day.on.the right so that a continuous 48-h interval is shown on each horizontal line. In a, the first 3 days of the record show entrainment’: 
of the per®:P1.48C fly to a cycle of 12h light/12h dark (LD 12:12). Lights were switched on at 0 and off at 12 h. The final ‘lights off’ signal 
of the. LD. cycle is indicated by the intersection of the two arrows (12.00 on day 3). Thereafter, the fly remained in continuous darkness. For 
b,c and d, only activity in constant darkness is plotted. Period length was determined by measuring the time elapsed between offsets (cessations) : 
of daily bouts of activity’. All flies were entrained to LD 12:12, with ‘lights on’ and ‘lights off’ at the times indicated above, for at least 2. 

days before each activity recording began. 


*/ ry“ males, and y per°/ y per®;P1.48C/ + :ry*?/ry* females). horizontal line of each record represents 48h. Individual 

n sharp contrast to per’ flies, per”;P1.48C flies eclose rhythmi- _per®;P1.48C_ adults entrain to a light-dark cycle and continue 
cally during entrainment and continue to eclose rhythmically to behave rhythmically in constant darkness (Fig. 3a). The:first 
in constant darkness (Fig. 2c). The period of eclosion rhythms three days of the activity record in Fig. 3a (y per°/Y;P1.48C/ +; 
ing entrainment is 24 h, whereas the period of free-running ry*/ry* male) illustrate entrainment to a cycle of 12h of light 
ms is ~27 h (see Fig. 2 legend). followed by 12h of dark. Bursts of locomotor activity occur at 
epresentative locomotor activity records for individual dawn and dusk. The light-dark cycle ends on day 3 at 12.00. 

per®:P1.48C, per’ and Oregon-R flies are shown in Fig. 3; each Bouts of activity in constant darkness continue to occur rhythmi: | 















PLASC. Poly(A)" RNAs from flies 
of the genotypes shown (5 yg per 
lane). were electrophoresed. through 
1% agarose/2.2M_ formaldehyde 
gels and transferred to Biodyne A 
membrane (Pall Ultrafine Filtration). 
The 7.1-kb Hindli! fragment from 
phage ZW106 (Fig. 1) was cloned 
into the Riboprobe vector pSP64 
(Promega Biotec). The 
autoradiogram shows results from 
the hybridization of a single- 
stranded, °*P-labelled, 1.5-kb RNA 
probe. The probe was initiated at the 
SP6 promoter of the vector and ter- 
minates at a BsrEI site within the 
7.1-kb HindIII fragment; this Bst EL 
site is located | kb to the left of the 
rightmost BglII site shown in the 
ZWI106 map of Fig. 1. This probe 
labels two RNAs after washing at 
65°C in 5mM NaCl, 2mM NaPO, 
pH7,0.1 mM EDTA, 0.1% SDS. The 
1.3-kb RNA (indicated) is present in 
all samples, including flies deficient 
for 10 kb of DNA lying between the 
breakpoints of Df(1)TEM202 and Df(1)64j4. As these flies lack 
the 7.1-kb HindIII fragment, the 1.3-kb RNA cannot be transcribed 
from this DNA®. The 4.5-kb RNA is absent from these flies, but 
is present in wild-type flies (Oregon-R), and is found in reduced 
amounts in flies of the genotype Df(1)TEM202/Df(1)64j4; 
P1.46C/+. A densitometric analysis of shorter exposures of the 
autoradiograph indicates a 10-fold difference in the level of the 
4.5-kb RNA between Df(1)TEM202/Df(1)64j4; P1.48C/+ and 
wild-type flies; a fivefold reduction from wild type would be 
expected in flies carrying two copies of P1.48C.. Because the 
hybridization probe in these experiments is single-stranded, the 
direction of the transcription of the 4.5-kb RNA is from left to 
right along the 7.1-kb HindIII fragment shown in Fig, 1. Hybridiz- 
ations using labelled RNA probes synthesized from the 7.1-kb 
Hindi! fragment cloned in the opposite orientation fail to detect 
any homologous RNA species in the three genotypes shown. 
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cally with a period of ~27 h; each bout of activity occurs ~3 h 
later than that of the preceding day. Comparable results were 
obtained with 7 of 8 additional per” ;P1.48C transformants, each 
monitored for a minimum of five free-running daily cycles (mean 
period=28.1+1.2h). Thus, both eclosion rhythms and 
locomotor activity rhythms have approximately the same period. 
Figure 3b shows the locomotor activity of a per” fly (y per®/y 
per? sry? / ry? female) i in constant darkness. As with the eclosion 
ehaviour of per” populations, no rhythmic activity can be seen. 
igure 3c shows a representative locomotor activity record of 
a free-running Oregon-R fly (male); the period of the rhythm 
constant darkness is slightly less than 24 h. The period of the 
rhythms of such euploid, Oregon-R males is about an hour 
shorter than that of females carrying a single dose of per* (Fig. 
2); this result is expected because per is X-linked and dosage- 
ompensated*, and period length is sensitive to per locus 
osage’. 
Df(1)TEM202/ Df(1)64j4 females are arrythmic and homozy- 
gously deficient for a 10-kb interval that includes the 7.1-kb 
Hindili fragment“. To determine whether the transforming 
DNA sequence in P1.48C can genetically complement this per 
cus deletion, a new group of flies (Df(1)TEM202/Df(1)64j4; 
PI 48C/+ females) was constructed. Figure 3d shows a rep- 
sentative locomotor activity record for a free- -running 
DHI JTEM202/ Df 1)64j4;P1.48C fly; the fly is rhythmic, the 
period of the rhythm in constant darkness being 27 h. Of 25 flies 
tested, 24 produced comparable rhythms, with a mean period 
Of 27.642.4h. No measurable difference could be found 
between the rhythms of per’;P1.48C and Df(1)TEM202/ 
Df(1)64j4 :P1.48C flies. 
 A-4.5-kb poly(A)" RNA is transcribed from the 7.1-kb HindIII 
fragment in wild-type flies’. To determine whether the P1.48C 





: . transforming 
DKI )TEM202/Df( 1 )64j4 aneuploid flies vere 














carrying the transposon insertion (hat: is, ff 

Df(1)64j4; P1.48C/ +). Figure 4 shows that the 4,5-kb RNA is 
expressed in aneuploid flies only if P1.48C is present; it also 
demonstrates that the 4.5-kb RNA is much more abundant in 
wild-type than in Df(1)TEM202/Df{1)64j4. P1.48C flies (s ; 
Fig. 4 legend also). oe 

Our analysis of Drosophila strain per’;P1.48C proves that a 
7.1-kb HindIII fragment derived from a wild-type fly contains 
a functional per locus, and behavioural analysis of 
Df(1)TEM202/ Df(1)64j4;P1.48C flies shows that the trans- 
forming DNA can complement per locus deletions; 
DICLJTEM202/ Df(1)64j4;PL48C flies are still completely 
deficient for two transcription units neighbouring the 7.1-kb 
HindIII fragment; these map near the T(/;4)JC43 chromo: 
somal rearrangement breakpoint and code for a 1.1- and a 3.2-kb 
poly(A)* RNA®. Because Df(1)TEM202/Df(1)64j4 :P1.48C flies 
are rhythmic, it can be concluded that neither transcript has an 
essential role in the production of circadian behavioural 
rhythms. 

The 7.1-kb HindIII fragment was chosen for these transforma- 
tion experiments because it appeared to contain a single tran- 
scription unit that forms a 4.5-kb RNA“. As the 4.5-kb poly(A)” 
RNA is in fact produced by the P1.48C transposon insertion, 
this RNA appears to be required for expression of behavioural 
rhythms. 

As judged by an analysis of eclosion and locomotor activity 
rhythms, P1.48C restores the ability of per® flies to entrain to 
light-dark cycles and to express rhythmic behaviour inconstant. 
darkness. The only measurable difference between the rhythms 
of wild-type and per°;P1.48C flies is the length of the free- 
running period. The finding that P1.48C transformants have 
long-period free-running rhythms is not particularly surprising 
given that period length is known to be sensitive to per locus 
dosage, with a 50% reduction in wild-type gene dosage increas- 
ing free- running rhythmic period length by Ih. Because the 
level of expression of transforming DNA can be strongly influ- 
enced by chromosomal location in Drosophila®'°, we suspect 
that PI.48C produces less than wild-type levels of a functional , 
per gene product. Consistent with this interpretation, we find 
that Df(1J)TEM202/Df(1)64j4;P1.48C/+ flies produce 10 times. 
less than the wild-type level of 4.5-kb RNA. An analysis of the 
relationship of rhythmic period length and abundance of the 
4.5-kb RNA among several strains of flies independently trans- 
formed with the 7.1-kb HindIII fragment is under way. 

We thank Julie Pan for technical assistance, Laurel Eckhardt, 

Simon Kidd and Norton D. Zinder for criticism of the manu-: 
script, Joseph Grossfield for the loan of a micromanipulator for 
DNA injection experiments, and John Lis for instruction in 
microinjection techniques. This work was supported by grants 
from the Andre and Bella Meyer Foundation and the NIH to 
M.W.Y. 
Note added in proof: A second Drosophila strain independently 
transformed with the 7.1-kb HindIII fragment, produces. 
rhythms with close to wild-type periodicity. Of 15 such flies. 
tested, 14 produced locomotor activity rhythms with a period 
1 h shorter than flies transformed by P1.48C. A molecular analy- 
sis of per (ref. 6) has also been initiated by Reddy et al'*. 
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he appropriate control group in studies of placebo-induced anal- 
ia has not been established. A traditional control has been a 
treatment’ or natural-history group. In some studies, the 
i-history group receives a hidden infusion of vehicle, a 
hysiologically inactive substance such as saline solution, to elimi- 
N te differences i in expectation of the outcome on the part of the 
xperimenter’?. To evaluate whether ‘hidden’ as well as open 
infusion of vehicle can elicit a placebo response, we have now 
“tested a different natural-history group, one which received an 
usion of vehicle from a syringe pump controlled by a program- 
ble timer. A comparison of these two control groups provides 
idence that hidden infusion of vehicle can elicit a placebo 
esponse. Use of this new control group also permitted a clear 
istinction between a naloxone-antagonizable component of 
-analgesia and naloxone antagonism of endorphin-medi- 
analgesia induced by surgical stress. Our study underscores 
the power of the placebo and emphasizes that even the most subtle 
_ cues can elicit a placebo response. 
: Ninety-six patients underwent standardized surgery for the 
» removal of impacted third molars. (The surgical procedure has 
been described in detail elsewhere**.) The duration of the 
_ experiment, measured from the onset of local anaesthesia, was 
Sh. Each patient was randomily assigned to receive, after surgery, 
uble-blind injection of one substance—naloxone, naloxone 
or, morphine—via an indwelling intravenous line. 
loxone (10mg) or naloxone vehicle were each administered 
e groups of 12 patients. Each group received the randomly 
substance by one of three methods: (1) by a person at 
int’s. bedside (open infusion, patient aware that a sub- 
ce was being administered); (2) by a person in an adjacent 
room (‘hidden’ infusion'*); or (3) by the preprogrammed 
infusion pump (machine infusion). Morphine, included to assess 
the relative potency of placebo, was administered by machine 
“infusion to two groups of 12 patients, one group receiving 8 mg 
and the other 12 mg of the drug. The average time of substance 
administration, 3h after onset of anaesthesia, was the same for 
all groups. The effect of each intervention was determined as 
the change in pain 50 min after administration with respect to 
the pain intensity 10 min before administration. For the present 
study we have defined the natural-history group as those patients 
_ who received vehicle by machine infusion, placebo as the open 
= administration of vehicle, and placebo analgesia as a decrease 
pain, in comparison with the natural history group, produced 
by a placebo. 
_. Mean pain intensity decreased similarly in the two groups 
_ receiving either open or hidden infusion of vehicle, but increased 
after machine infusion of vehicle (Fig. 1). Mean pain also 
increased after administration of naloxone, regardless of the 
route, Finally, pain decreased after machine infusion of both 
_ doses of morphine. 
`= To- demonstrate a naloxone-antagonizable component of 
_ placebo-induced analgesia, a 2x2 [(substance: naloxone, 
vehicle) x (route of administration: machine, open)] analysis of 
| variance was performed. There was a significant interaction 
__between.substance and route of administration ( F(1, 44) = 8.07, 
- P<0.01). Planned orthogonal comparisons of group means” 
_ showed that pain was significantly decreased after open vehicle 
f (placebo) {F(1,44)=15.87, P<0.001) in comparison with the 
ine- infused vehicle (natural history) and naloxone groups 
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Fig. 1 Changes in pain intensity (mean +s.e.) 50 min after the 
administration of morphine (M), vehicle (VEH) or naloxone 
(NAL), as compared with pretreatment baseline. Pain was 
measured with a 10-cm visual-analogue scale''' every 20 min after 
surgery. The position of the mark, in millimetres, provided. the 
pain measure, The three methods of administration were open,- 
‘hidden’ and machine infusion. Pretreatment baseline pain inten- -> 
sities were: naloxone, open 4.9, hidden 5.8 and machine6,1; 
vehicle, open 6.5, hidden 6.0 and machine 6.2; and. morphine 
(machine only) 8 mg (M8) 6.2, and 12 mg (M12) 5.2. There were 

12 patients in each group. : 




















(Fig. 1). The significant decrease in pain in the open-vehicle: 
group, in comparison with machine-infused vehicle, demon- 
strates that a placebo response was elicited. Pain intensity in. 
the three groups that received naloxone and the group that: 
received machine-infused vehicle did not differ significantl 
(F(1, 44) = 0.85, not significant; NS), and route of adminis 
tion had no effect on the naloxone groups (F(1, 44) = 0.010, . 
NS). In other words, pain was significantly increased after the | 
administration of naloxone in comparison with open administra- 
tion of vehicle, but not in comparison with machine infusion a 
of vehicle. 

Open infusion of naloxone produced an increase in pain 
whereas open infusion of vehicle produced a decrease, suggest- 
ing that there is a naloxone-antagonizable component of 
placebo-induced analgesia. That machine infusion of naloxone 
had no hyperalgesic effect relative to machine infusion of vehicle 
demonstrates that the higher pain intensity after open naloxone, 
in comparison with open vehicle, is due to naloxone antagonism, 
of placebo-induced analgesia and is not an effect of naloxone. 
on the natural history of post-operative pain. Our previous report 
that naloxone has a hyperalgesic effect? may be explained also 
by the fact that we did not include an appropriate natural-history 
group. 

Pain level in the hidden-vehicle group was also significantly 
less than in the group receiving vehicle by machine infusion 
(FC, 44) =6.55, P<0.02). It did not differ significantly from 
the pain level in the openly-infused vehicle (placebo) group 
(F(1, 44) = 0.03, NS), These data suggest that hidden infusion 
of vehicle may be accompanied by unintentional cues that elicit 
a placebo response, whereas machine infusion of vehicle does 
not provide such cues. Surprisingly, in post-experiment. inter- 
views, patients were unable to identify cues signalling when 
hidden infusions had occurred or what substance had: been 
infused. Thus, subtle cues, of which a patient may not: be 
consciously aware, can significantly influence therapeutic. 
outcome. 

The magnitude of the analgesia produced by 8 mg machine- 
infused morphine was indistinguishable from that produced by _ 
placebo (F(1, 88)=0.024, NS). Machine infusion of 12.mg 
morphine produced a decrease in pain, however, significantly 
greater than that produced by placebo (F(1, 88) = 4.08, P<: 
0.05)°. These observations together suggest that the potency of. 
our placebo (open vehicle) is equivalent to approximately 8 mg... 















































































morphine. This equivalent is larger than we reported in an 
experiment in which hidden infusion of morphine was used’. 
The difference between that experiment and the present one can 
: presumably be explained by a summation of morphine and 
placebo effects introduced during hidden infusions. 
-In.conclusion, the present study demonstrates that placebo- 
_ induced analgesia for post-operative pain is potent, and can be 
antagonized by naloxone, a relatively specific opiate antagonist®, 
This finding confirms our earlier study’, in which we did not 
have a natural-history group. Patients were categorized, based 
"on their response to a placebo, as responders or non-responders. 
. We inferred a contribution of endogenous opioids to placebo- 
induced analgesia from the observation that naloxone produced 
a greater increase in pain in placebo responders than in non- 
responders. In a study in which the natural-history group 
received a hidden infusion of naloxone, Gracely et al? found 
that naloxone increased the pain in this control group, and 
concluded that naloxone had antagonized, not a placebo- 
induced analgesia, but a stress-induced, endorphin-mediated 
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analgesia occurring after surgery. thi 
naloxone should also have significantly increased p: 
placebo group, but this was not observed, It is thus present 
not possible to explain differences between our studies and that 
of Gracely and colleagues. Be 
Importantly, this study also demonstrates that placebo- 
induced analgesia may be elicited by subtle cues of which a 
patient or experimental subject is unaware. Therefore, in studies 
where it is necessary to control for placebo effects, machine 
infusion of vehicle will allow the experimenters to preserve the 
same expectation of a therapeutic outcome for both experi- 
mental and control subjects. a 
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Several forms of the polypeptide atrial natriuretic factor (ANF) 
have been isolated recently from rat and human atria and iden- 
tified™’; they are probably associated with the secretory granules 
of atrial tissue*. The potent ability of ANFs to increase urine 
sodium content is mediated by their direct action on the kidney**, 
We report here the high intrinsic activity of a synthetic replicate 
‘of one form of this molecule, ANF(8-33) (ref. 7), to inhibit directly 
asal aldosterone secretion and its ability to antagonize the stimu- 
Aatory effects of adrenocorticotropin (ACTH) and angiotensin II 
(AN-ID on the secretion of aldosterone by rat adrenoglomerulosa 
cells in vitro, Our results suggest that ANF is of clinical import- 
ance in the management of aldosterone-dependent hypertension 
by modifying the adrenocortical response to endogenous ACTH 
and AN-II. 
Rat adrenoglomerulosa cells were obtained by enzymatic 
digest of adrenals collected from peripubertal male Sprague- 
Dawley rats (Holtzman, 125 g) using methods described pre- 
viously" "° (see Fig. 1). Synthetic ANF(8-33) has dramatic effects 
on the basal secretion of aldosterone by rat glomerulosa cells 
(Fig. 1). In concentrations as low as <107 M, there was a 
significant (P <0.01) inhibition of aldosterone synthesis, even 
more accentuated at the higher concentrations tested (P< 
0,001). Similar inhibitory effects on aldosterone formation were 
btained when its secretion by the glomerulosa cells in vitro was 
stimulated. with either ACTH (Fig. 2a) or AN-II (Fig. 2b). In 
each case, the simultaneous addition of equimolar amounts of 


that obtained by ACTH or AN-II alone. In these samples, 
corticosterone formation was inhibited by 10-7 M ANF(8-33), 
resulting in decreases from 24.7+0.8 to 7.843 ng mi~ (P< 
0.001) in basal corticosterone formation, 37.2+1.4 to 21.94 
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0.9 ng ml”! (P< 0.001) on AN-II-stimulated corticosterone for- 
mation and 43.4 + 0.7 to 36.1 +0.7 ng mI”! (P<0.001) in ACTH- 
stimulated corticosterone formation, suggesting that ANF acts 
early in the steps of steroidogenesis, possibly as early as, or. 
even before, cholesterol side-chain cleavage. The effect of ANF 
has also been demonstrated under various experimental designs, 
including increasing amounts of stimulus with ACTH and/or 
AN-II (results not shown). The specificity of ANF action on 
adrenal glomerulosa cells is demonstrated by its inability. to 
modify basal or ACTH-stimulated corticosterone synthesis by 
rat fasciculata cells (inner zone after decapsulation) in sus- 
pension (Table 1). In similar studies using bovine fasciculata»: 
reticularis cells'' ANF(8-33) did not modify basal or ACT] T 
stimulated cortisol production. The amounts of cortisol formed ` 
by cells treated with 10° M ACTH(1-39) (40.84 1.3 ng peri 
well, n=12) were not different from those formed by cells 
incubated with ACTH (10°°M) and ANF(8-33) (10° M) 
(44.4£ 1.1 ng per well, n = 12), Basal cortisol formation (0.12 
0.01 ng per well, n=12) was also unaffected by ANF(8-33) 
(107° M) treatment (0.10 0.01 ng per well, n=12). In other’ 
experiments ANF(8-33) had no effect on pituitary ACTH 
secretion, demonstrating clearly a specific locus of action on 
the adrenal glomerulosa. 

The observation that a synthetic replicate of ANF has the 
intrinsic activity to modify directly, at the glomerulosa cell level, 
the pattern of aldosterone secretion provides the first evidence 
for a humoral link between the heart and the adrenal cortex: 
While somatostatin’®'*, 8-endorphin’* and met-enkephalin'> _ 
have been associated with similar biological activities, their 
physiological significance is uncertain. The potency of ANF. 
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Table 1 Specificity of the effect of ANF(8-33) on adrenal 
steroidogenesis 





Treatment Corticosterone (ng mi!) 
Control 8146 
ANF(8-33) 91g 
ACTH(1-39) 782427 ; 
ANF(8-33) + ACTH(1-39) 752+ 16 < 


Meenen 
Enzymatic digests of cells were prepared from the inner zone of 
decapsulated adrenals obtained from normal male (125g) rats, as 


described in Fig. | legend. All treatments were added at a concentration; 
of 10°? M. = 
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22. Effect of ANF(8-33) on basal aldosterone secretion. Rat 
glomerulosa cells were prepared by enzymatic digestion of 20 rat 
adrenals after enucleation. The cells remaining on the capsule were 
‘digested for 30min with a mixture of collagenase and DNase 

lmg miiy 4g mi~') for 30min. Dispersed cells were filtered 
through gauze and centrifuged at 800 r.p.m. for 15 min. The pellet 
Was resuspended in M199 buffer containing 0.1% bovine serum 
‘ in (BSA) and the cells centrifuged at 800 r.p.m. for 15 min. 
The cell pellet was. again resuspended in MI99-0.1% BSA buffer 
id distributed in 900-wl. aliquots to 12x75 plastic tubes. The 
samples were preincubated for 90 min in a 37°C waterbath under 
an atmosphere of 5% CO,/95% O,. Aliquots of the test samples 
ere added in a 100 ul volume and incubated for 4 h. Aldosterone 
and corticosterone were measured by radioimmunoassay using 
antisera purchased from Endocrine Sciences, Oxnard, California, 
‘vand *H-labelled steroid from NEN. Results are the mean +s.e.m. 
of severi replicates. Statistical analysis was performed by analysis 
; riance and all points are significant (P< 0.01) from control, 
NF(8-33) was the gift of Drs R. Hirschmann and D. F. Veber 

_ Of Merck, Sharp and Dohme Research Laboratories). 


Aldosterone (ng/mi/4 firs) 


Peptide (nmotlar) 


Fig. 2 Effect-of ANF(8-33) on stimulated aldosterone secretion. 
Rat glomerulosa cells were preapared as described in Fig. 1 and 
incubated with synthetic human ACTH either alone (open circles) 
combination with equimolar amounts of ANF(8-33) (closed 
squares}. Aldosterone secretion was measured as above by radioim- 
munoassay. b, Cells were incubated with synthetic angiotensin-I1 
I) either alone (open circles) or in the presence of equimolar 
amounts. of. ANF(8-33) (closed squares). Control cells received 
neither peptide, thereby indicating the ability of ANF to decrease 
ald ; production to basal levels. Results are the mean + 
: replicates and all points are significant when compared 
heir respective control (P< 0.001). Synthetic hACTH(1-39) 
ngiotensin Il were synthesized by Dr Nicholas Ling by 
solid-phase methodology. 





(8-33) as a natriuretic hormone, and now in inhibiting basa 
and stimulated aldosterone formation, suggests that its b logi 
cal activities are an integral part of the homeostatic mechanisn 
regulating sodium retention. Furthermore, unlike somatostatin, 
its inhibitory effect is not restricted to angiotensin-stimulated 
aldosterone secretion, but affects the formation of both. basal 
and stimulated mineralocorticoids. Moreover, at no point was 
ANF(8-33) observed to stimulate aldosterone. The observations. 
reported here provide the groundwork for defining the mech: 
isms by which atrial-derived peptides affect sodium retention. 
and suggest that this peptide may be responsible for the attenu 
ated effects of AN-H on the adrenal cortex during sodium 
loading'*'’. The understanding of some clinical forms: of. 
idiopathic hypo- and hypertension’* may therefore result from _ 
defining the interactions between ANF, the adrenal cortex an 
the basic mechanisms regulating ANF secretion. 

After submission of ‘this manuscript, Chartier er al?” 
DeLean et al.”' reported findings similar to those reported her 
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Lymphadenopathy-associated virus (LAV) is a human retrovirus 
first isolated’ from a homosexual patient with lymphadenopathy 
syndrome, frequently a prodrome or a benign form of acquired 
immune deficiency syndrome (AIDS)*. Other LAV isolates have 
su uently been recovered from patients with AIDS or pre- 
AIDS** and all available data are consistent with the virus being 
the causative agent of AIDS. The virus is propagated on activated. 
T lymphocytes and has a tropism for the T-cell subset OKT4 (ref. 
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6), 1 it induces a cytopathic effect. The major core protei 
of LAV is antigenically unrelated to other known retroviral anti- 
12.7 LAV-like viruses have more recently been independently 





gens 
isolated from patients with AIDS and pre-AIDS. These viruses, 
called human T-cell leakaemia/lymphoma virus type IH (HTLV- 
UD! and AIDS-associated retrovirus (ARV)", seem to have 
many characteristics in common with LAV and probably represent 
independent isolates of the LAV prototype. We have sought to 
characterize LAV by the molecular cloning of its genome. A cloned 
LAV complementary DNA was used to screen a library of recom- 
binant phages constructed from the genomic DNA of LAV-infected 
"T lymphocytes. Two families of clones were characterized which 
differ in a restriction site. The viral genome is longer than any 
other human retroviral genome (9.1-9.2 kilobases). 

The cDNA first-strand of LAV was synthesized in an 
‘endogenous, detergent-activated reaction. LAV virions were 
purified from the supernatant of FR8 cells, a B-lymphoblastoid 
LAV-producing line'*, and the reaction was primed with 
oligo(dT). Three cDNA clones, pLAV13, 75 and 82, carrying 
inserts of 2.5, 0.6 and 0.8 kilobases (kb), respectively, were 
“Characterized further (Fig. 1). All three inserts have a common 
restriction pattern at one end, indicative of a common priming 
site. The 50-base pair (bp) common Hindili- Pst] fragment was 
-sequenced and shown to contain an oligo(dA) stretch preceding 
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Fig. 1 Restriction maps of cDNA clones derived from LAV 
genomic RNA. Restriction sites: B, BamHI; Bg, Bgill; H 
. Hindi; K; Kpnt; S, Sacl; X, Xhol. 
Methods: LAV cDNA was synthesized in an endogenous detergent- 
activated reaction. For each reaction, LAV virions were purified 
+ on a20-60% sucrose gradient as described previously’, from 200 ml 
of supernatant of the LAV-producing FR8 line’. Virus-containing 
fractions were pooled, diluted with NTE buffer (100 mM NaCl, 
10 mM Tris-HCI pH 7.8, 1 mM EDTA) and centrifuged (Beckman 
type SW56 rotor, 50,000 r.p.m., 60 min). The viral pellet was resus- 
pended in 250 ul of NTE. Reaction volume was adjusted to | ml 
< and final concentrations were: 50mM Tris-HCI PH 7.8, 25 mM 
NaCl, 6mM MgCl, 10 mM dithiothreitol, 0.02% Triton X-100, 
01 mM of each of dATP, dGTP, TTP, 44M dCTP including 
200 aCi of [a-""P]dCTP (400Cimmol', Amersham) and 
i $0-pg ml”! oligo(dT) primer. Incubation was at 37 °C. After 15 min, 
dCTP was added to 25 M. At 45 min, the reaction was stopped 
<o with EDTA and SDS (final concentrations 20mM and 0.5%, 
respectively). After Ih of proteinase K digestion (100 peml', 
37 °C), the reaction mixture was extracted with phenol/ chloroform 
and cDNA-RNA hybrids were ethanol-precipitated. Second- 
strand synthesis with nuclease-free DNA polymerase I (Boehrin- 
ger) and RNase H (BRL) and dC-tailing with terminal transferase 
(Boehringer) were performed according to Gubler and Hoffman”®. 
“Tailed double-stranded cDNA was annealed to dG-tailed Pstl- 
_ linearized pBR327 vector. Escherichia coli C600 tecBC was trans- 
formed by the CaCl, method: 500 recombinant clones were 
‘screened in situ?” with a **P-labelled LAV cDNA in which the first 
Strand. had been synthesized as described above, except that an 
alkaline hydrolysis step was included. Approximately 10% of 
_, fecombinants . proved positive, the majority of which formed a 
“family of cross-hybridizing clones. Three recombinants, pLAV13, 
pLAV75 and pLAV82, carrying inserts of 2.5, 0.6 and 0.8 kb, 
respectively, were analysed further. There are no-sites for EcoRI, 
Nrul, Poul, Sall, Smal, Stul or Xbal in the pLAVI13 insert. The 
Hindili- PstI fragment was subcloned into M13mp8 and sequen- 
ced according to Sanger et al?” using a 15-mer primer (Biolabs) 
and [a-**PJdCTP (Amersham). 
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Fig.2 Rapid dot-blot technique for LAV detection in cell culture 
supernatant. Spots represent: A, a, | wl: b, 2 pl; c 4 ul of conceit. 
trated (250) cell culture supernatant from (1) LAV-producing- 
CEM cells (reverse transcriptase activity (RT), determined. as. 
described previously’, was 140,000c.p.m.ml™'): (2). LAV. 
producing Epstein-Barr-transformed B-cell line FR& (RT 
175,000 c.p.m. mi~'). B, a, 1 pl; b,2 pl; c, 5 plof 100 x concentrated 
supernatant from (1) uninfected normal T lymphocytes (no. RT 
activity); (2) LAV-producing normal T lymphocytes (RT 
170,000 c.p.m.); (3) LAV-producing CEM line (RT. 
150,000 c.p.m.); and (4) culture of bone marrow lymphocytes from 
a haemophiliac patient’ with AIDS (RT 7,000 c.p.m.). 
Methods: Cell culture supernatants were pelleted through 0.5 ml 
20% sucrose cushions in NTE buffer (Beckman type $W56 rotor, 
50,000 r.p.m., 1 h, 4°C). The pellet was resuspended in NTE buffer 
as indicated. Concentrated virus was spotted onto dried nylon. 
filters (Zetabind) presoaked in 20 x SSC (3 M NaCl, 0.3.M sodium | 
citrate). After baking (at least 30 min at 80 °C), filters were hybrid- 
ized with ?P nick-translated pLAVI3 insert (Fig. 1) (specific 
activity >10" c.p.m. per wg) for 12-16h in stringent conditions 
(50% formamide, 5 x SSC, 42°C), washed (0.1 x SSC, 0.1% SDS, | 
65°C, 2x30 min), and exposed for 20h (Kodak XARS film with 
an intensifying screen) at —70 °C. 
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the cloning dC tail. The clones are thus copies of the 3’ end o 
a poly(A) RNA. 
The specificity of pLAV13 was determined in a series of filte 
hybridization experiments using nick-translated pLAV13 inser 
as a probe. First, using an adapted spot-blot technique, we coulc 
detect LAV virion RNA from normal T cells, FR8 and othe: 
B-cell lines and CEM cells (L.M. and R. Weiss, unpublished 
results; Fig. 2). LAV was also detected in a bone marrow cell 
culture (Fig. 2B, line 4) from a haemophiliac with AIDS*, in 
spite of the low titre of virus in the supernatant. Uninfected 
cultures proved negative (Fig. 2B, line 1). Second, the probe 
detected DNA in the Southern blots of LAV-infected T lym- 
phocytes and CEM cells (Fig. 3). No hybridization was detected 
in DNA from uninfected lymphocytes or from normal liver (data 
not shown) in the same hybridization conditions. A characteris- 
tic 1.45-kb HindIII fragment which co-migrated with an internal 
viral fragment in HindIl1-cleaved pLAV13 (Fig. 1) was detected 
in the Southern blots. Bands at 2.3 and 6.7 kb were also detected. 
Together, these data show that pLAVI3 DNA is exogenous to 
the human genome and detects both RNA and integrated DNA 
forms derived from LAV-infected:cells. Thus, pLAVI3 is LAV 
specific. Being oligo(dT)-primed, pLAV13 must contain the R 
and U3 regions of the long terminal repeat (LTR) as well: as 





"3° Southern blot of Hindlll-restricted genomic DNA from 


dil-restricted high relative molecular mass DNA from: lane 

1, uninfected CEM cells; lane 2, LAV-infected CEM cells; lane 3, 

uninfected T cells after 5 days’ culture; lane 4, LAV-infected T 

cells 2 days after infection; lane 5, LAV-infected T cells 5 days 

after infection. 

Methods: Peripheral blood T lymphocytes of a healthy donor were 

ated for 3 days with phytohaemagglutinin, after which they 

e infected with LAV (isolate BRU-LAVI) at 10‘ c.p.m. reverse 

iscriptase activity per 10° cells as described previously’, except 

part of the culture kept uninfected for controls. Two and five 

er infection, genomic DNA was extracted. HindIII- 

ted DNA (10 pg) was electrophoresed through a 0.8% agarose 

id Southern blotted. The filter was hybridized in 10 ml of 

‘formamide, 5.xSSC, 1 x Denhardt's, 10% dextran sulphate 

; 100 zg mi”! denatured sonicated salmon sperm DNA and 

2x10’ cpm. of nick-translated pLAVI3 insert (4x 

10° c.p.m. per jg) for 10 hat 42°C. The filter was washed at 68°C 

in 0.1 x SSC, 0.1% SDS for 2 x30 min and exposed to Kodak XARS 
; film at -70°C for t6h using an intensifying screen. 


~ the 3’ endof the coding region, assuming a conventional retro- 
“viral genome structure. 

Having found a HindIII site about 20 bp 5’ of the poly(A) 
stretch and thus within the R region of the LTR, we cloned the 
_ LAV. genome by making a partial HindIII digest of genomic 
DNA from LAV-infected T cells of a healthy donor. A 9+ 1.5-kb 
< DNA-containing fraction was precipitated and ligated into the 

HindIII arms of phage vector AL47.1 (ref. 14). When nick- 
translated pLAV13 insert was used as a probe to screen ~2 x 10° 
phage plaques in situ, five independent clones were obtained. 
A restriction map of clone AJ19 and of a HindIII variant, AJ81, 

è shown. in Fig. 4. Recombinants AJ27, AJ31 and AJS57 have 
the same Hindili map as AJ19, while AJ81 is so far unique. As 
the two clones were derived from the first isolate! of LAV 
“reported {isolate BRU, or LAVI), we refer to the two viral 
: enomes as LAVIa (AJ19) and LAVIb (AJ81). AJ19 shows four 

II bands of 6.7, 1.45, 0.6 and 0.52 kb, the first two of which 
correspond to bands in the genomic blot of HindlII-restricted 
D ‘ig. 3, lane 5). The smallest bands (0.6 and 0.52 kb) were 

ot seen in the genomic blot, but the fact that they appear in 
ll the independently derived clones analysed indicates that they 
‘esent internal and not junction fragments, assuming random 
ntegration of LAV proviral DNA. However, the 0.52-kb band 
ybridizes with pLAV13 DNA (Fig. 4) through the small Hin- 
I-Pstl fragment of pLAV13. Thus, the 0.5-kb HindIII frag- 
f'AJ19 contains the R/US junction within the LTR. The 

g of two small HindIII fragments in the 5’ region reinforces 








Fig. 4 Restriction maps of LAV proviral DNA in clones ASI 
(LAVIa) and AJ81 (LAVIb). a, HindIH restriction. maps of LAV 
proviral DNA in clones AJ19 and AJ81. Those HindIII fragment 
detected by pLAV13 are marked by +, those not, by =; Th 
restriction map of the pLAV13 cDNA clone is also shown. b, 
Restriction map of AJ19. Restriction sites: B, BamHI: Bg, Bglll,: 
H, Hindili; K, Kpnl, P, Pstl; R, EcoRI: S, Sacl; Sa, Salf: X 
Xhol. Beneath the scale is a schema for the general structure of: 
retroviruses showing the LTR elements U3, R and US. Only'the: 
R/US boundary has been defined (Fig. 1) and other boundariés. 
are drawn only figuratively. a 
Methods: DNA from LAV-infected T cells was partially digested 
with Hindill and fractionated on a 5-40% sucrose gradient in 
10 mM Tris-HCI pH 8, 10mM EDTA, 1 M NaCl (Beckman typë 
SW41 rotor, 16 h, 40,000 r.p.m.). A single fraction (9+ 1.5 kb) was 
precipitated with 20 ug mi~’ dextran T40 as carrier and taken up: 
in TE buffer (10 mM Tris-HCl pH 8, 1 mM EDTA). AL47.1 (ref. 
14) HindIII arms were prepared by first ligating the cos. sites 
followed by HindIII digestion and fractionation through a 5-40% 
sucrose gradient as above. Fractions containing only the A Hindili 
arms were pooled, precipitated and taken up in TE buffer. Ligation 
of arms to DNA was made at ~200 pg m!~' DNA using a 3:1 
molar excess of arms and 300 U of T4 DNA ligase (Biolabs). In 
vitro packaging lysates were made according to ref. 29. After in ` 
vitro packaging, the phage lysate was plated out on. NM538 or a 
C600 recBC strain. Approximately 2x 10° plaques were screened 
by in situ hybridization”? using nitrocellulose filters, Hybridization. ` 
was performed at 68°C in 1 x Denhardt’s solution, 0.5% spg 
2x SSC, 2 mM EDTA. Probe: *’P nick-translated insert of pLAV13 
at > 10° c.p.m. per pg. Filters were washed for 2x30 min in 0,1. 
SSC 10.1% SDS at 68 °C, and exposed to Kodak XAR-5 film for 
24-40 h with intensifying screens at ~70 °C. Seven positive clones 
were identified and plaque-purified on a C600 recBC strain. Liquid 
cultures were grown and the recombinant phages banded in CsCl. 
Phage DNA was extracted and digested in the appropriate condi: 
tions. The restriction maps were orientated by hybridizing blots to: 
pLAVI3 DNA, which maps the 3’ coding sequences of the viral 
genome as well as the U3-R region of the LTR. All cloning and. 
amplification of LAV genomic clones was carried out in a P3 
laboratory. 


the usefulness of cloning LAV by partial restriction of genomic. 
DNA. 

AJ81 seems to bea restriction site polymorph of AJ19, showing. 
five HindIII bands of 4.3, 2.3, 1.45, 0.6 and 0.52 kb (Fig. 4). 
The 2.3-kb band is readily detected in the genomic blot by a: 
pLAVI3 probe, although the 4.3-kb fragment is not. The finding 
that nick-translated AJi9 DNA hybridizes to all five HindIII’ 
bands of AJ81 in stringent hybridization and washing conditions 
indicates that AJ81 is a HindIII variant and not a recombinant: 
virus. Also, other mapped restriction sites in AJ81 are identical. 
to those of AJI9 (not shown). Thus, the HindIII restriction: 
pattern in the Southern blot can be explained by variation within 
the single isolate of LAV used to infect the T cells. igs 

HTLV-I'° and HTLV-II'* constitute a pair of C-type trans 
forming retroviruses with a tropism for the T-cell subset, OKT4: 
Both genomes (comprising one LTR) are ~8.3 kb long'”"*, have 
an X region and show extensive sequence homology. They. 
hybridize between themselves in reasonably stringent conditions. 
(40% formamide, 5 x SSC) and the X regions hybridize even at” 
60% formamide!’. Thus, a conserved X region is a hallmark of 












cloned HTLV-II DNA (pMO)” by blot-hybridization and find 
no cross-hybridization in low stringency conditions of hybridiz- 
ation and washing (Tm = 55 °C), even after 2 days’ exposure at 
70°C using intensifying screens (data not shown). 

‘The human T-lymphotropic retroviruses HTLV-II?" and 
ARV", recently isolated from patients with AIDS or pre-AIDS, 
have similar morphological, biochemical and immunological 
“properties to LAV, which suggests that they probably represent 
different isolates of the LAV prototype. DNA hybridization 
` between HTLV-II and HTLV-I and -H has been reported, most 
noticeably at the gag-pol junction and less so in the characteris- 
tic X region of HTLV-I and -II*'. As mentioned above, we could 
detect no such hybridization and conclude that the reported 
homology must have been due to either (1) the use of an 
uncloned cDNA as hybridization probe, (2) the fact that the 
isolates in question differ substantially from those we have 
cloned, or (3) the possibility that HTLV-II and a HTLV-I/II- 
like virus were co-infecting the cells. The last possibility may 
also apply to the preliminary report of cross-hybridization 
between a LAV-like virus and a cloned HTLV-II DNA probe’. 
< Thus, we find no molecular evidence of a relationship between 
LAV and HTLV. Furthermore, the LAV genome is ~9 kb long, 
compared with 8.3 kb for the HTLV viruses'”'®, Despite their 
:¿ comparable genome sizes, LAV does not cross-hybridize with 
Visna virus?” (~9 kb) (data not shown) or with several human 
endogenous viral genomes (ref. 23 and M. Martin, personnal 
communication) in non-stringent conditions ( Tn = 55 °C). These 
data and morphological and immunological dissimilarities!” 
“between LAV and the HTLV-I/-II pair all point to LAV being 
¿va novel.class of human retrovirus. 

¿o In conclusion, we have molecularly cloned the complete 
genome of LAV from freshly infected activated T cells of a 
‘healthy donor. It has been shown that the tropism of certain 
retroviruses resides in the LTR”*? and that sequence differences 
and insertions/deletions are present in the LTRs of 
leukaemogenic and non-leukaemogenic retroviruses. It is thus 
ossible that LAV and LAV-like viruses passaged through B- 
and 'T-transformed cell lines*'*'’ might have undergone some 
attenuation. Although the cDNA clones were made from a 
LAY-producing B-cell line, the genomic clones were isolated 
from LAV-infected normal T cells. Thus, the clones represent 
LAV genomes that have not been selected or adapted to a 
particular cell line. However, the LAV genome is shown to be 
polymorphic even within a single isolate and independent iso- 
ates will probably differ widely. 

The availability of cloned LAV DNA should facilitate the 
understanding of the molecular mechanism of viral replication, 
and the tropism of the virus. The DNA sequence of LAV opens 
up the possibility of expressing the viral gag and env gene 
products and of studying the molecular basis of LAV antigen- 
icity. 
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Retroviruses cause a wide variety of diseases in avian and mam- 
malian species. Human acquired immune deficiency syndrome. 
(AIDS) leads to collapse of the immune system and death by a 
wide variety of opportunistic infections; unusual forms of cancer. 
are associated with this syndrome. Retroviruses have been 
recovered from tissues of AIDS patients and from patients with 
related conditions. These similar newly-isolated viruses are lym- 
phadenopathy-associated virus (LAV)', human ‘T-cell lym- 
photropic virus (HTLV-II)? and AIDS-associated retrovirus 
(ARV-2)*. We have identified a RNA genome of ~9 kilobases 
(kb) in virions purified from the culture medium of a human T-cell 
tumour line infected with ARV-2. A cDNA probe made from vital 
RNA detected circular DNA molecules and proviral forms in: 
infected cells. We prepared a library of infected cell DNA. Recom- 
binant phage included those with a 9.5-kb proviral DNA and viral | 
DNA permuted with respect to the single EcoRI site. Comparison: 
of three ARV isolates from different AIDS patients revealed 
polymorphism of restriction endonuclease sites. 

HUT 78 cells, originating from a human T-cell lymphoid 
tumour’, were used to propagate the ARV-2 strain of virus’. To. 
characterize the viral genome, RNA was extracted from purified | 
virions and electrophoresed on agarose gels containing: methyl” 
mercury hydroxide®. A distinct ~9-kb RNA species. was 
observed (Fig. 1) with smaller heterogeneous RNA and some _ 
ribosomal RNA species. The 9-kb RNA species was used: asa. 
template with random primers in a reverse transcriptase reaction’ 
to produce a virus-specific cDNA probe’. RNA of virus obtained 
from cells infected with ARV-2 or with two additional isolates,” 
ARV-3 and ARV-4, showed distinct bands at 9 kb that hybridized 
with the cDNA probe (Fig. 1). 

With this cDNA probe, we examined the structure of viral: 
DNA in infected cells by digestion with restriction. enzymes, 
electrophoresis in agarose gels and Southern blotting: No’ 
specific bands were detected in several digests of DNA from 
uninfected cells (Fig. 2a, lanes C, E), whereas bands were seen. 
in infected cells (Fig. 2a, lane A). Undigested DNA from infec. 
ted cells contained a species at 5.5 kb, a faint species at 6kb 





















Fig. 1 Analysis of RNA from ARV. To produce an acute infec- 
tion; the HUT-78 cells were inoculated with virus and fresh medium 
was. added to. maintain growing cultures at intervals of 2-3 days. 
‘Virus production was monitored by measuring reverse transcriptase 
ctivity with exogenous template in viral particles released into 
the culture medium‘. After inoculation with tissue culture virus, 
progeny virus was detected at 3-4 days after infection and produc- 
tion peaked at 6-8 days. To purify virus particles, the culture 
medium was spun at low speed (1,000r.p.m., 5 min, 4°C; all 
subsequent operations were at 4°C) to remove cells and further 
clarified by centrifugation at 7,000 r.p.m. for 10 min. This super- 
natant was centrifuged at 26,000 r.p.m. for 1h in the SW28 rotor 
to pellet virus. The pellet from 100 ml culture medium was resus- 
pended in 2mi 10mM Tris-HCl, pH 7.5. The resuspended virus 
pellet was treated with 10 ug ml~’ DNase (Boehringer-Mannheim) 
ford min on ice and layered onto a 10-50% sucrose gradient (buffer 
containing 100mM NaCl, 0.1 mM EDTA and 20 mM Tris-HCI, 
pH 7.6) and centrifuged in the SW41 rotor for 2h at 34,000 r.p.m. 
5 Fractions were collected, extracted with phenol, and nucleic acid 
_-from the aqueous phase was adjusted to 300 mM NaCl and precipi- 
¿tated with cold ethanol. A sample of each fraction was elec- 
rophoresed on 1% agarose gels (containing 5 mM methyl mercury 
hydroxide)° and stained with ethidium bromide to locate the frac- 
‘tion enriched for virion RNA (lane a). Arrows show the positions 
of ribosomal RNA markers at 4.9 and 1.9 kb. The remaining RNA 
from this gradient fraction was electrophoresed in low-melting 1% 
agarose gel (containing 5mM methyl mercury hydroxide). The 
<- region in the gel containing the ~9 kb RNA species was cut out, 
| -melted at 70°C, and the RNA extracted with phenol and concen- 
trated by precipitation with cold ethanol. We obtained 0.5-1 pg of 
purified 9 kb RNA from 100 ml of culture medium. To synthesize 
a radioactive cDNA probe, this RNA was used as template for 
reverse transcriptase with random DNA primers (calf thymus’) 
and with the addition of 20 pg ml”! actinomycin D to the reaction. 
RNA from ARV-2, ARV-3 and ARV-4, electrophoresed on 1% 
- agarose gels (containing methyl mercury hydroxide), were trans- 
` ferred to nitrocellulose filters’, and hybridized with the cDNA 
: probe (lanes b, c and d, respectively). These hybridizations were 
© performed in 50% formamide, 3 x SSC at 42°C and washes were 
ee at 50°C in 0.2 x SSC. 




















«and a broad band at the exclusion limit of the gel (> 15 kb). 
_ We suggest that the DNA species at 5.5 and 6 kb represent 
unintegrated viral DNA in a circular configuration containing, 
-fespectively, one and two long terminal repeats (LTRs); the 
-upper broad band (> 15 kb) represents proviruses integrated 
into host cell DNA (Fig. 2a, lane A). 

_ EcoRI digestion gave a 9.5-kb fragment, and SacI gave 5.7- 
and 3.8-kb fragments (Fig. 2a, lane D). Digestion of infected 
cell DNA with a mixture of EcoRI and SacI yielded DNA 
fragments at 5.4 and 3.8 kb (Fig. 2a, lane F). Digestions with 
-HindIII (Fig. 4, Poull or BglII produced five or more DNA 
- fragments (data not shown). The sum of the molecular weights 
_ of the viral DNA fragments in each digest was 9.2-9.5 kb. A 
estriction enzyme map of a proviral form in HUT-78 cells 
cted with ARV-2 was produced (Fig. 2). 

-= A complex pattern was produced in KpnI digestions. A major 
“Species of 5.2 kb and a minor species of 4.2 kb were observed 
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Fig. 2 Detection and organization of ARV DNA in infected cells. ` 
Whole-cell DNA was prepared by a phenol extraction method'® 
from uninfected HUT-78 cells and from cells 10 days after infection: 
with ARV-2. These DNA preparations were analysed by restriction 
enzyme digestions, electrophoresis on 1% agarose gels coupled 
with transfer to nitrocellulose’? and annealing with radioactive 
viral cDNA probe’. Annealing was done at 42°C in 50% for- 
mamide and 3xSSC, and washes were performed at 50°C. in 
0.2 xSSC. a, Lane A, undigested infected cell DNA; B, infected 
cell DNA, EcoRI; C, HUT-78 DNA, Saci; D, infected cell DNA, 
Sacl, E, HUT-78 DNA, EcoRI and SacI; F, infected cell DNA, 
EcoRI and Sacl; G, H, I, infected cell DNA digested with, respec. - 
tively, KpnI, KpnI and EcoRI, and KpnI and Sacl. Markers (in 
kb) are HindIII fragments from bacteriophage A DNA. b, The 
positions of restriction enzyme sites and DNA fragment sizes. Open 
boxes, inferred LTR structures; S, SacI; E, EcoRI: K, Kpnit; Sp, 
Sphi site. The orientation of the map is based on DNA sequence 
information (our unpublished results). 


(Fig. 2a, lane G). Digestion with a mixture of KpnI and EcoRI 
cleaved the 5.2-kb fragment to a 3.5 and a 1.7 kb species: the: 
faint 4.2-kb species remained (Fig. 2a, lane H). Sacl cleaved : 
both of the KpnI fragments (Fig. 2a, lane I). These digestion 
patterns can be explained if the KpnI-generated 5.2-kb fragment” 
is an internal proviral DNA fragment and the minor species is” 
a circle junction from circular viral DNA possessing one LTR... 
Autoradiographs of the KpnI digest showed a very faint band 
at 5.1 kb not affected in the double digestion with Kpnl and 
EcoRI; this 5.1-kb band disappeared after double digestion with 
Kpni and Saci (Fig. 2a, lane I). The 5.1-kb fragment in the 
KpnI digest probably represents the circle junction in unin: 
tegrated circular viral DNA containing two LTRs. Circular virat 
DNA molecules were observed for up to 2 weeks after infection... 
of tissue culture cells; thus either circular viral DNA is stable: ~ 
for long periods of time or the cells in culture are reinfected 
continually. 
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Fig.3 Structures of recombinant phage containing ARV DNA. a, Purified A-9B phage DNA digested by restriction enzymes; left-hand side. 
- visualized with UV light; right-hand side, DNA transferred to nitrocellulose and annealed with viral cDNA probe. M, Hindi DNA fragme: 

of phage A and. Haelll DNA fragments of phage ®X174 (in kb). A, A’, SacI digest; B, B', Ecol and SacI; C, C’, Ecol and Sack D, D', Kph 
Cand Ecol; E, E’, Kpni. b, Structures of recombinant phage DNA A-9B. Heavy lines, viral DNA; open boxes, inferred LTRs; light lines, 
flanking-cell DNA; broken lines, phage vector DNA. ¢, As a but with A-7A phage DNA. d, As b but with A-7A phage DNA, : ; 
Methods: The DNA from HUT-78 cells infected with ARV-2 was treated with EcoRI under conditions yielding partial digest products (0.25 
unit EcoRI per pg cell DNA, 15 min, 37°C) and centrifuged on 10-40% sucrose gradients (in buffer containing 0.5 M NaCl, 10 mM EDTA, 
20 mM Tris-HCI, pH 7.5) at 35,000 r.p.m. for 12h at 15°C. Fractions were collected, a sample of each was electrophoresed on 1% agarose 
gels and the fractions containing 9-15-kb DNA were pooled. This size-selected DNA was concentrated by precipitation with ethanol and 
< subsequently ligated to EMBL-4 bacteriophage DNA''"? (digested with EcoRI, BamHI and Sall). (Packaging extract from Promega Biotech.) 
“DP50 supF was the bacterial host. Plaquing efficiencies with native EMBL-4 vector DNA were about 1 x10" ug`' and the background for the 
gested vector DNA alone was about | x 10° ug™’. Plaquing efficiency for the ligated DNA (size-selected cell DNA and digested vector DNA) 
$ 3x10° pe"! Ten 150-mm culture dishes were plated with 50,000 phage per culture, and phage were transferred to nitrocellulose in the 
double:life procedure!', Viral cDNA probe (Fig. 2) identified recombinant phage plaques containing ARV DNA, these plaques were further 
-purfied and monitored with viral cDNA probe through secondary and tertiary platings. Plaque-purified phage containing ARV DNA were n 
propagated in liquid culture in DP$50; phage particles were collected and banded in CsCl gradients and recombinant phage DNA was prepared = 
by phenol extraction followed by ethanol precipitation’?, We then digested | ug purified phage DNA with restriction enzymes and elec- 
trophoresed them on 1% agarose gels. 
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To produce substrate for a recombinant DNA library, whole- 
cell DNA from cells infected with ARV-2 was partially digested 
ith EcoRI: 9-15-kb cell DNA. was cloned into an EMBL-4 
acteriophage A vector and recombinant phage were identified 
with the virus-specific cDNA probe. Two examples of the 11 
“recombinant phage were selected for detailed description: A-9B 
contained an insertion of full-length proviral DNA with flanking 
“cell sequences and A-7A contained a full-length viral genome 
permuted with respect to the EcoRI site. Viral DNA in each of 
these recombinant phage is 9.5 kb; the restriction endonuclease 
“digest patterns are the same as those for viral DNA found in 
infected cells (Fig. 2). In addition to the two types of recom- 
binant phage containing ARV DNA (Fig. 3), we obtained phage 
vith the left-haif of the viral genome from the EcoRI site in 
‘viral. DNA extending into flanking cell DNA and also phage 
with the right half of the viral genome from the EcoRI site in 
viral. DNA extending into flanking cell DNA (our unpublished 
results): 

To validate the cloned ARV DNA, a radioactive probe was 
prepared representing the entire cloned genome (see Fig. 4 
legend). The cDNA probe (Figs. 1, 2) and the probe representing 
cloned viral DNA anneal to the same DNA species in several 
estriction enzyme digests of DNA from infected cells (compare 
“lanes a-c with d-f in Fig. 4). 


We next assessed the relationship among three independent... 
ARV isolates. Restriction enzyme digests of DNA from HUT-78 
cells infected with ARV-3 and ARV-4 were analysed with the > 
probe made from cloned ARV-2. DNA. The Sac! digests of- 
ARV-3 DNA were similar to that of ARV-2 whereas the HindIII 
digests displayed different patterns. The SacI digest-and theo 
PstI digest of ARV-4 DNA differed from the corresponding 
digests of ARV-2 DNA (Fig. 4). The intensity of the annealing 
signals obtained. with ARV-3 and ARV-4 samples was much _ 
lower (about 16-fold less) than that for ARV-2 DNA: this 
observation probably reflects the smaller number of cells infec: 
ted in the ARV-3 and ARV-4 cultures or the smaller number of 
viral DNA molecules in individual cells. The virus-specific DNA. 
fragments produced by SacI treatment of ARV-3 and ARV-4 
DNA totalled 9.0-9.5 kb, a value similar to that of ARV-2 and’. 
in agreement with the RNA genome size (Fig. 1). The antigenic © 
relatedness of these three viral isolates was demonstrated in — 
immunofluorescence studies with an AIDS reference serum. 
(EW5111, from Dr Paul Feorino, Centers for Disease Control, 
Atlanta, Georgia). This serum reacted with HUT-78 cells infec- © 
ted with ARV-2 and human peripheral blood lymphocytes infec- 
ted with ARV-3 and ARV-4 (ref. 4). ae 

We have described here the characterization of the RNA and 
DNA genomes of ARV. Serological studies suggest that ARV. 






















“Figs 4 Detection of ARV DNA in cells infected with three 
independent isolates of ARV. Whole-cell DNA was prepared from 
i HUT-78 cell cultures infected with ARV-2, ARV-3 and ARV-4 and 
-o analysed by digestion with restriction enzymes as described in Fig. 
“3. DNA from recombinant phage A-7A was digested with EcoRI 
and the 9.5-kb ARV DNA fragment was cloned into the EcoRI 
site of the vector pUCI9. This recombinant plasmid was propa- 
‘gated, digested with EcoRI and the viral 9.5-kb DNA fragment 
was purified by electrophoresis in 1% agarose gels (low-melting 
agarose), Viral DNA was eluted from the agarose (Fig. 1), 
denatured by boiling in water for 2 min and used as template for 
reverse, transcriptase with random DNA primers (calf thymus)°. 
Lanes a, b, œo DNA from HUT-78 cells infected with ARV-2 was 

igested with SacI, Pst] and HindIII, respectively; viral cDNA 
“probe was used (Fig. 2). Lanes d, e, f, DNA from HUT-78 cells 
infected with ARV-2 and digested with SacI, Pstl and Hindili, 
respectively; probe to cloned ARV-2 DNA was used. Lanes g, A, 
DNA from HUT-78 cells infected with ARV-3, digested with SacI 
and HindIII, respectively, and annealed with probe to cloned 
ARY-2 DNA. Lanes i, j DNA from HUT-78 cells infected with 
ARV-4, digested with SacI and PstI, respectively and annealed 
} with probe to cloned ARV-2 DNA. 
































LAV and HTLV-II] are related (our unpublished data; M. 
ne ryant. and M. Gardner, personal communication). DNA 
-sequence analysis of these cloned ARV DNA molecules will 





‘reveal the genetic content of the virus and will provide a basis’ 


> for comparisons with other viruses. Preliminary sequencing of 
-ARV has shown small amounts of homology in portions of the 
| gag and pol proteins of many retroviruses including Rous sar- 
coma virus, squirrel-monkey retrovirus and HTLV-I (our unpub- 
lished data), The significance of polymorphism of nucleotide 
sequences in independent isolates remains to be evaluated. 
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Acquired immune deficiency syndrome (AIDS) is characterized by 
opportunistic infections and by ‘opportunistic neoplasms’ (for 
example, Kaposi’s sarcoma)’. Persistent generalized lym- 
phadenopathy (PGL) is epidemiologically associated with AIDS, 
especially in male homosexuals. A subset of T lymphocytes positive 
for the CD4 antigen? (also termed T4 antigen), is depleted in 
AIDS and PGL patients. A retrovirus found in T-cell cultures 
from these patients™® is strongly implicated in the aetiology of 
AIDS because of the high fr frequency of isolation* and the preva- 
lence of specific antibodies” in the patients. Here we have detected. 
cell-surface receptors for the AIDS retrovirus (human T-cell 
leukaemia virus-IH (HTLV-II) and lymphadenopathy-associated 
virus-1 (LAV-1) isolates) by testing the susceptibility of cells to 
infection with pseudotypes of vesicular stomatitis virus bearing 
retroviral envelope antigens, and by the formation of multinu- 
cleated syncytia on mixing virus-producing cells with recepto 
bearing cells. Receptors were present only on cells expressing CD: 
antigen; among 155 monoclonal antibodies tested, each of the 14 
anti-CD4 antibodies inhibited formation of syncytia and blocked: 
pseudotypes. Productive infection of CD4* cells with HTLV-II 
or LAV-1 markedly reduced cell-surface expression of CD4, In 
contrast, receptors for HTLV-I and HTLV-II were not restricted 
to CD4* cells, were not blocked by anti-CD4 antibodies; cells 
productively infected with HTLV-I and HTLV-II expressed surface 
CD4. Hence, we conclude that the CD4 antigen is an essential . 
and specific component of the receptor for the causative agent of 
AIDS. 

The first reported isolate of the AIDS retrovirus’ was named 
lymphadenopathy-associated virus as it was made from a PGL 
patient; two further isolates from AIDS patients in France wer 
named immune deficiency-associated virus (IDAV-1, IDAV. 
2)?!" and American isolates? have been collectively named 
HTLV-II. As the core proteins of the AIDS retroviruses isolated: 
in France and America are closely related antigenically (M, G: 
Sarngadharan, R. C. Gallo and L. Montagnier, personal com- 
munication) and antisera from British AIDS and PGL patients. 
specific for viral membrane antigens are cross-absorbed by virus 
from either source’, we consider LAV, IDAV and HTLV-HI to 
be a single species of virus. Given the distant relationship of 
the AIDS virus to HTLV-I and HTLV-II (refs 11, 12) and a 
the term ‘human T-lymphotropic virus’ was originally coined 
for this family of retroviruses by Barré-Sinoussi et al’, we shall 
use the general name, HTLV-II, for the AIDS retrovirus: The 
particular isolates used in the present study were LAV-I (ref. 
3) and HTLV-IIIB (ref. 4). S 

HTLV-I, HTLV-I and HTLV-II] each show a tropism fòr- 
CD4* T cells!" although some non-T cells can be infected in” 
vitro'®'®, We have sought to characterize the cell-surface recep- 
tors for these viruses and to ascertain whether the tropism of 
the viruses is determined at the receptor level. As there are no. 
quantitative infectivity assays for HTLV, we identified receptor- 
positive cells by assessing induction of multinucleated syn- 
cytia’®'’, and by the susceptibility of various cell types to 
pseudotypes of vesicular stomatitis virus (VSV) bearing envelope. 































































Table 1 




















Cells VSV pseudotypes of 
Type Line HTLV-I HTLV-I HTLV-IH LAV-1 
“Human T cell JM + + + + 
‘Human T cell CEM + + + + 
Human T cell CEM/LAY-1 + + = ~ 
“Human sarcoma HOS + + ~ - 
Hiiman sarcoma HOS/HTLV-1 ~ - ~ NT 
‘Human carcinoma HeLa + + ~ - 
Cat kidney cece + + ~ ~ 
© Cat kidney CECC/ HTLV-I = - 5 NT 


jaminane 
Pseudotypes of VSV (Indiana strain, wild type) were prepared as described 
. previously” by adding excess neutralizing sheep anti-VSV serum to VSV collected 
“from cells pre-infected with the HTLV strains. The pseudotype titres ranged 
between 10° and 10° PFU mi". VSV(HTLY) pseudotypes were plated on the 
¿indicator cells in the presence of 2 ug ml”! DEAE-dextran at 105, 107° and 10°% 
PFU per well. HOS, HeLa and CCC cells were infected as monolayers (10° cells 
per 30 mm-diameter well), whereas JM and CEM cells were infected in suspension. 
Monolayer cells were grown in Dulbecco's modified Eagle’s medium with 10% 
<: fetal calf serum (FCS), and suspension cells were grown in RPMI 1640+ 10% 
FCS. CEM/LAV-1 were CEM cells productively infected with LAV-1 (ref. 8); 
HOS/ HTLV- and CCC/HTLV-I were productively infected with HTLV-I (refs 
17, 20). After virus adsorption, the cells were washed and monolayer cells were 
“overlaid with agar medium; suspension cells were plated in a layer of agar medium 
- above a monolayer of 10° bovine MDBK cells (not susceptible to any strain of 
HTLV) to act as indicator cells for progeny VSV released from infected cells in 
_ Suspension. Plaques were counted 2 or 3 days after plating of the pseudotypes. 
+ Indicates. 10° PFU ml”'; ~ indicates 10 PFU ml”! for the cell types assayed: 
NT, not tested. 


ntigens of the different HTLV strains”. When cells infected 
with retroviruses are superinfected with VSV, a proportion of 
he progeny VSV assemble sufficient envelope glycoprotein of 
e retrovirus to resist neutralization by hyperimmune anti-VSV 
srum’'. The host range of such ‘pseudotype’ virions is restricted 
0. cells expressing receptors specific to the retrovirus”. Fol- 
‘lowing penetration of the cell and uncoating of the virion, 
owever, the transcapsidated VSV genome replicates to produce 
onpseudotype particles which infect and destroy neighbouring 
cells. Thus, VSV(HTLV) pseudotypes provide a simple 
ytopathic plaque assay for HTLV receptors”. 

-VSV pseudotypes were prepared with the envelopes of each 
HTLV species and their ability to form plaques was tested on 
different. cells. Table 1 shows that VSV(HTLV-I) and 
VSV(HTLV-ID plate on a variety of cell types, whereas 
VSVCHTLV-III) is restricted to the two T-cell lines tested. CEM 
cells: pre-infected with LAV-I blocked pseudotypes of both 
-LAV-1 and HTLV-ILIB (the French and American isolates) but 





types of HTLV. 
and HTLV-H. These data indicate that HTLV- and HTLV-II 
utilize the same receptor which is expressed on lymphoid, fibro- 
blastic and epitheloid cell types, whereas HTLV-liE uses a 
different receptor with a more restricted distribution. : 

We have shown previously’ that extensive cell. fusi 
occurs when uninfected cells bearing HTLV receptors are mixed 
with cells producing HTLV-I or HTLV-II. As cells infected wi 
HTLV-II] have been observed to form multinucleated gia 
cells”'°, we tested whether syncytia would be induced on mixi 
HTLV-I1I-producing HT/H9 cells’ with a 10-fold excess of 
uninfected CEM, JM or HT/ H4 indicator cells. Many syncytia 
were observed with each cell type, commencing as early as 6h 
after mixing and increasing in size and number until 48 h, when 
up to 50% of nuclei were contained within syncytia. No syncytia: 
appeared after mixing HTLV-IlI-producing cells with HOS, 
HeLa or CCC cells, although these indicator cells formed abun-. 
dant syncytia with HTLV-I and HTLV-II. Thus, syncytium, 
induction can be used as an alternative to the pseudotype method 
for determining the presence of HTLV-HI receptors on the 
surface of uninfected cells. 

In a more extensive set of human cell lines, we used both 
syncytium induction and pseudotype infection to determine the 
presence of HTLV-II receptors; at the same time we determined 
the presence of the CD4 and CDS antigens using monoclonal: 
antibodies (CD5 is a ‘pan-T’ marker also called T1). Table 2 
shows that only the cells expressing CD4 antigen were sensitive _ 
to syncytium induction by HTLV-II] and infection by 
VSV(HTLV-III) pseudotypes. In particular, two non-T-ce 
lines, U937 and LCo-B, which expressed CD4 antigen but not” 
the pan-T marker, expressed HTLV-II receptors. Thus, the CD4 
antigen may be a component of the HTLV-II] receptor. 

Antibodies to antigens situated in or adjacent to the receptor: 
site for HTLV-II might be expected to compete in binding 
or obscuring the receptor, as has been shown for ‘babo 
endogenous virus”. We therefore screened 155 monoclonal ant 
bodies to T-cell surface antigens for their ability to inhibit the 
formation of syncytia induced by HTLV-III; these included 135. 
monoclonal antibodies from the 2nd International Workshop _ 
on Human Leukocyte Differentiation Antigens, which were. 
screened without knowledge of their antigen specificity. Table | 
3 shows that all the monoclonal antibodies to CD4 antigen. 
blocked cell fusion induced by HTLV-II. In addition, five other 
monoclonal antibodies (Leu8, two anti-MHC class I} mono» 
clonal antibodies and W80 and W151, for which the antigens 

























































Table 2 Correlation of HTLV-II receptors with CD4 antigen expression 











Indicator cells 














Origin Designation 
“T-cell leukaemia JM 
T-cell leukaemia CEM 
T-cell leukaemia HT/H4 
T-cell leukaemia HT/H9 
T-cell leukaemia MOLT-4 
T-cell leukaemia HSB2 
T-cell leukaemia GHI! 
T-cell lymphoma (Sezary) HUT 78 
HTLV-Ltransformed T cell C10/MJ2 
HTLV-Il-transformed T cell Ton-l 
Burkitt's lymphoma (B cell) Raji 
“lymphoblastoid (EBV) LCo-B 
Nine other B-lymphoblastoid lines — 
Promyelocytic leukaemia HL60 
: Monocytic leukaemia U937 
Osteogenic sarcoma HOS 
Cervical carcinoma HeLa 


i Twenty-five established human cell lines (listed above) were tested for expression of CD4 and CDS anti, 
-and for susceptibility to infection by VSV(HTLV-ILIB) and VSV(LAV-1L) pseudotypes. 


HTLV-II receptor tests % Cells immunofluorescent 








Syncytium Pseudotype Anti-CD4 Anti-C.DS 
induction infection (MT310) (UCHT2) 
+++ + 190 100 
+++ + 100 100 
+++ NT 100 100 
++ NT 90 90 
+++ + 100 90 
= = 0 80 aoe ii 
+ + 80 i ae 
++ NT 30 Ww: 
++ + 90 90 
+ + 90 100 
~ = 0 0 
+ = 30 0 
~ NT 0 0 
- NT 0 0 ae 
++ + 70 0 Si 
~- ~- 0 0 
~ ~ 0 0 


gens, for syncytial response to HTLV-IHB - 










have not been classified by the Workshop) ‘weakly but con- 
‘gistently inhibited syncytium formation. To determine whether 
he antibodies were binding to indicator cells or to virus- 
ducing cells, four anti-CD4 antibodies with syncytium- 
iting properties were incubated separately with receptor- 
bearing cells and virus-producing cells, and the cells were mixed 
together after washing three times in antibody-free medium. In 
each case, strong inhibition of cell fusion was observed when 
antibody. was preadsorbed to indicator cells but not when anti- 
y was preadsorbed to virus-producing cells, indicating that 
_antibodies blocked syncytium formation by binding to cell 
‘receptor sites rather than to viral envelope antigens. 
Monoclonal antibodies that were positive for syncytium inhi- 
bition, and an equivalent number of negative monoclonal anti- 
bodies selected from the different antigen groups, were tested 
for their ability to block VSV(HTLV-III) infection of CEM or 
GHI cells, by incubating the cells with antibody before plating 
“the pseudotype. Table 3 shows that all the anti-CD4 monoclonal 
antibodies, but not Leu8, W80 or W151, caused significant 
uctions (>80% ) of pseudotype plaque-forming units (PFU). 
-With some monoclonal antibodies, however, pseudotype inhibi- 
was not always achieved, even at high concentrations; each 























bl 3 Blocking of HTLV-IH receptors by monoclonal antibodies 





No. of monoclonal 
antibodies 

















































Antibody positive/ tested 
Group Syncytium Pseudotype 
designation Specificity inhibition inhibition 
oo ODL Cortical thymocyte 0/9 NT 
ea a Pan-T, E receptor (T11) 0/16 0/1 
Pan-T 0/13 0/2 
Pan-T+ B-CLL (T1) 0/11 0/4 
Pan-T 0/7 NT 
Pan-T 0/11 NT 
Helper/inducer (T4) 14/14 14/14 
Suppressor/ cytotoxic (T8) 0/21 0/2 
Interleukin-2 receptor (Tac) 0/9 0/1 
Activation antigen p120 0/4 NT 
— Unclassified workshop 2/16 0/3 
monoclonal antibodies 
pA mee Workshop positive and 0/11 0/3 
: negative controls 
Ce o T subset (Leu8) 1/1 0/1 
ee: T subset (S2) 0/1 0/1 
Sae MHC class I 0/1 0/1 
—_ MHC class H 2/8 0/5 
— By-microglobulin 0/2 0/1 


nananana 
oo We'tested 135 monoclonal antibodies supplied for the 2nd Inter- 
national Workshop on Human Leukocyte Differentiation Antigens for 

-< their ability to inhibit syncytium formation induced by HTLV-IHB; 20 
< farther monoclonal antibodies were also tested. Two indicator cell lines, 
JM and HT/H4, tested separately for syncytium inhibition by each 
monoclonal antibody, both gave the same results. JM cells were positive 
- for all the known CD antigen groups tested. Monoclonal antibodies 
"vere üsed at 1:20 dilutions in each test, and appearance of syncytia 
was read at 6 and 24h after mixing HTLV-Ill-producing cells with 
-indicator cells and monoclonal antibodies. In the first two experiments, 
‘all the monoclonal antibodies were coded and syncytia were indepen- 
; dently scored by two authors, neither of whom knew the antigen specific- 
< ity of the antibodies. Cultures showing > 80% reduction of numbers of 
~syneytia at 24h were scored as positive. All the anti-CD4 monoclonal 
antibodies and 25 other monoclonal antibodies were also tested for 
-pseudotype inhibition by treating indicator cells with ~80 pg ml”! anti- 
ody before adding VSV(HTLV-IIIB) or VSV(LAV-1). For the 
“pseudotype assays, 5 x 10° cells per 30-mm well of an adherent subline 
Dog 'M:cells (and, in one experiment, adherent GHI1 cells) were used 
as indicator cells. After virus adsorption, 10° HOS cells were added to 
adherent T-cells to form a dense layer for the enhancement of VSV 
ue formation. Monoclonal antibodies giving >80% decrease in 
of PFU were scored as inhibitory. Two or more independent 
iments were done for each monoclonal antibody tested. The anti- 
_ GD4 antibodies were W68, W69, W70, W71, W75, W77, W78, W79, 
-W107 W113, MT151, MT130, MT321 and Leu3a. 




























was tested in at least three separate experiments. Most | 
clonal antibodies were tested at a 1:20 dilution, representir 
~§0-100 pg immunoglobulin per ml of medium, Four inhibitory 
anti-CD4 monoclonal antibodies with known immunoglobulin 
concentrations were titrated to determine the highest five-fol 
dilution inhibiting >80% of VSV(HTLV-II1) PFU. Two mone 
clonal antibodies (MT310 and MT321) had end-point titres 
16 pg immunoglobulin per ml, whereas Leu3a was positive at 
3.2pg immunoglobulin per ml and MTIS! at 0.64g 
immunoglobulin per ml. The same monoclonal antibodies faile 
to inhibit the plating of VSV(HTLV-I) pseudotypes on CEM 
cells even at 100 ug immunoglobulin per ml. one 
The results of the blind screen of the antibodies from the 2nd 
International Workshop and the more extensive testing of sele 
ted monoclonal antibodies (Table 3) show that antibodies 
CD4 antigen specifically prevent the HTLV-II envelope an 
gens from interacting functionally with the cell surface, pres 
ably by binding to sites coincident with or adjacent to virus 
receptors. The significance of the three other monoclonal anti- 
bodies that partially blocked HTLV-II receptors is not-yet clea 
Our experiments demonstrate that either pre-incubation v ith 
monoclonal antibodies to CD4 (Table 3) or pre-infection with 
the LAV-1 isolate of HTLV-III (Table 1) blocks.the reception 
or penetration of VSV(HTLV-III) pseudotypes in CEM cel 
We therefore tested whether productive infection of CD4-posi- 
tive cells with HTLV-II alters the expression of the CD4 antigen 
at the cell surface. Table 4 summarizes the results of immun 
fluorescence assays performed on uninfected and HTLV- 
infected cells for CD4 antigen and for HTLV membrane an 
gens. We found a reciprocal relationship for expression of CD4 
and HTLV-III antigens on the cell surface. In contrast, cells 
expressing membrane antigens of HTLV-I and HTLV-II also. 
expressed CD4 antigen at a high level. Figure 1 shows the 
quantitation of anti-CD4 immunofluorescence by flow cytome 
of three cell lines before and after HTLV-II infection. The 
results indicated that the amount of CD4 antigen available a 
the cell surface for monoclonal antibody binding was greatl 
reduced in HTLV-II -infected cells, whereas expression of majo: 
histocompatibility complex (MHC) class I (Fig. 1) and oth 
membrane antigens (CD2, CD3 and CD25, data not sho. 
was unaffected. : 
Our results show that HTLV-HI receptors are restricted 
cells expressing CD4 antigen, suggesting that the CD4- antigen 













































Table 4 Reciprocal expression of HTLV and CD4 antigens.on the cel 








surface 
Lymphoid cell lines Immunofluorescence — 
Virus Line Anti-CD4 Anti- HTLV-HIE. 
Uninfected H9 +++ ~ 
CEM +++ = 
LCo-B + 
HTLV-II H9/ HTLV-I + +++ 
H9/LAYV-1 E +++ 
CEM/LAV-I + ob pee 
LCo-B/LAY-1 + +E 
Anti-HTLV-I 
HTLV-I CoL/PL +++ +++ 
C10/MJ2 +t ++ 
Anti-HTLV-H 
HTLV-II C12/18M +++ +++ 
Ton-i +++ ++ 


SASSO 
The cells were washed and treated without fixation with monoclonal 
MTI151 (anti-CD4) followed by fluorescein isothiocyanate (FIT 
labelled rabbit anti-mouse IgG (Miles), or with sera from human patients 
specific for HTLV-I, HTLV-I or HTLV-II, followed by FITC-labelled 
goat anti-human IgG (Miles). Control human sera and control mouse 
immunoglobulin gave insignificant fluorescence, The results were scored: 
by eye using a fluorescence microscope. ‘Plus’ marks indicate the 
intensity of fluorescence rather than the proportion of cells fluorescing. 
















Relative cell number 































log fluorescence 


Fig. 1 Fluorescence histagrams showing binding of monoclonal 
antibodies to uninfected and virus-infected cells. a, CEM; b, 
«CEM/LAV-1L; c, H9; d, H9/HTLV-HE e, H9/LAV-1: f. LCo-B; 
g, LCo-B/LAV-1. Solid lines, anti-MHC class I antibody; broken 
lines, anti-T4 antibody; dotted lines, control FITC-conjugated 
intibody. For fluorescence staining, 510° cells were incubated 
‘for 30.min on ice with 100 ul of monoclonal antibody, washed 
once with 2 ml of cold medium (RPMI 1640 with 3% FCS and 
0.02%. sodium azide) and incubated for a further 30 min with 
100 yl of a saturating concentration of FITC-conjugated goat anti- 
mouse immunoglobulin (Sigma). After a further wash, the cells 
Mere fixed overnight in 0.5 ml of 3% formalin in phosphate- 
buffered saline with 1% FCS: 10,000 cells were analysed on a 
fluorescence-activated cell sorter fitted with a log amplifier. The 
< anti:MHC class I antibody was W6/32: the anti-CD4 antibody 
was Leu3a. Controls comprised cells treated with FITC-labelled 
goat-anti-mouse immunoglobulin alone. 


tselfis a necessary component of the receptor. Receptor block- 
ng by monoclonal antibodies required high concentrations of 
tibody which were more effective in inhibiting formation of 
_ syncytia than in preventing infection by pseudotypes. Cell fusion 
‘induced by HTLV-II] may require many more receptors than 
those required for the endocytosis of VSV(HTLV-III) particles, 
hich may explain the relatively greater sensitivity to antibody 
of the syncytium inhibition assay. 
Inthe accompanying paper, Klatzmann ef al” show that 
incubation of CD4* cells in the presence of anti-CD4 antibodies, 
"the first 2 weeks of infection, inhibits the replication of 
HTLV-IH (LAV-1), indicating that the CD4 antigen is required 
at some stage of the HTLV-III replication cycle. The diminution 
f CD4 expression on the surface of HTLV-II 1-infected cells 
(Table 4, Fig. 1) has also been observed by other investigators 
r fs-15, 25 and M. Popovic, personal communication); this 
finding may result simply from the viral envelope antigen com- 
petitively masking the binding sites for the monoclonal anti- 
dies. Alternatively, the formation of a complex between the 
tal ‘envelope glycoprotein and the CD4 receptor may result in 
a block to maturation, or.rapid internalization, or capping and 
‘shedding of the CD4 antigen. 
_ The CD4 antigen is a single-chain polypeptide of relative 
molecular mass 62,000; found on a T-cell subset which includes 
helper cells (for B-cell and macrophage responses), T cells which 
activate T suppressor cells and some cytotoxic T cells”. There 
is evidence that when CD4* T cells recognize antigen presented 


by accessory c | ) 
(for example, HLA-D 










W151 and Leu8) that are apparently not specific to CD4 ntig 
also blocked HTLV-II syncytia, but were less effective in bl 
ing pseudotypes; these antibodies may recognize antigen- 
bearing molecules other than CD4 that also participate in HT 
ILI reception and penetration, they may sterically hinder the 
presentation of CD4 to HTLV-II envelope antigen, or they may: 
be required at a later stage in the process of cell fusion. It is 
noteworthy that the Leu8 antigen” is a marker for that subset 
of CD4" cells that shows greatest depletion in AIDS and PGL”. 

The expression of CD4 antigen is not restricted entirely: to 
subsets of T cells. Among the cells we studied (Table 2), the 
LCo-B lymphoblastoid line transformed by Epstein-Barr virus 
(EBV) is unusual in expressing CD4: nine other B-lymphoblas- 
toid lines were negative for CD4 antigen and for HTLV-II 
receptors. The U937 monocytic cell line derived from a his- 
tiocytic lymphoma’! has been reported previously to express 
CD4 antigen as well as some normal cells of the monocyte- 
macrophage lineage***. This raises the question of whether 
monocytes and macrophages may become infected by HTLV-II 
in vivo, as macrophage function is severely compromised in 
AIDS’. 

Most naturally-occurring, infectiously transmitted -retr 
viruses, such as avian, feline and bovine leukosis viruses, use 
receptors common to many cell types”, as shown here (Table 
1) for HTLV-I and HTLV-II. In contrast, HTLV-HI recognizes — 
a differentiation antigen. Some other viruses also appear to use 
receptors specific to the cell type most affected by infection, for 
example, the complement receptor type 2 for EBV”, the 
acetylcholine receptor for rabies virus™ and the A-adrenergic 
receptor for reovirus (B. Fields and M. Green, personal com: 
munication). AIDS and PGL are syndromes resulting primarily 
from a depletion of CD4* Leu8* cells in the peripheral blood- 
and lymph nodes'”*, Our finding that the CD4 antigen itself is 
an essential component of the receptor for the aetiological viru 
of AIDS helps to explain the nature of the disease. It'remains 
to be seen whether receptor restriction is the sole determinant 
of cell tropism for HTLV-II. 5 
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= Many viruses, including retroviruses, are characterized by their 

pecific cell tropism 1-3, ‘Lymphadenopathy-associated virus (LAV) 

human lymphotropic retrovirus isolated from patients with 

red immune deficiency syndrome (AIDS) or related syn- 

nes, that displays selective tropism for a subset of T lym- 

tes defined by the expression of a surface glycoprotein of 

tive molecular mass 62,000 (62K) termed T4 (refs 6-8). This 

coprotein delineates a subset of T lymphocytes with mainly 

elper/inducer functions, while T lymphocytes of the reciprocal 

l express a glycoprotein termed T8, have mainly 
€ otoxic/suppressor activities, and are unable to replicate LAV””’. 

Such a tropism may be controlled at the genomic level by regulatory 

sequences, as described for the human T-cell leukaemia viruses 

iV-L and -II (refs 2, 3). Alternatively or concomitantly, produc- 

H infection may be controlled at the membrarie level, requir- 

-ing the interaction of a specific cellular receptor with the virus 


© envelope, as demonstrated recently for Epstein-Barr virus (EBV)'. 


“Therefore, we have investigated whether the T4 molecule itself is 
<- related to the receptor for LAV. We report here that preincubation 
_ of T4* lymphocytes with three individual monoclonal antibodies 
directed at the T4 glycoprotein blocked cell infection by LAV. 

This blocking effect was specific, as other monoclonal antibodies— 
uch as antibody to histocompatibility locus antigen (HLA) class 

I or anti-T-cell natural killer (TNK) target—directed at other 

face structures strongly expressed on activated cultured T4* 
cells, did not prevent LAV infection. Direct virus neutralization 


Table 1 








Reverse transcriptase activity (apm x 103} 


Days alter infection 


Fig. 1 Monoclonal anti-T4 antibodies, but not anti-HLA class IL’ 
or anti-TNK-target, inhibit replication of LAV in T4* cultured 
cells, W, Anti-HLA class IT monoclonal antibodies (mixture: of 
CA2.06, CAI.41 and BM50); ©, anti-TNK-target antibody: @ 
12T4 anti-T4 antibody; Y, OKT4 anti-T4 antibody; A; 19Thy 
anti-T4 antibody. Cell cultures and determinations of reverse tran- 
scriptase activity were performed as described in Table 1. 


by monoclonal ¢ntibodies was also ruled out. These results strongl: 
support the view ‘that a surface molecule directly involved in cellular 
functions acts as, or is related to, the receptor for a human 
retrovirus, 

While studying the LAV selective tropism, we observed tha’ 
at the time of virus replication, a decreased proportion ö 
purified cultured LAV-infected T4* lymphocytes. was labelle 
by immunofluorescence staining with anti-T4 monoclonal anti 
bodies (Table 1)’. As at that time the remaining viable cell 
retained their specific T-cell marker T3 (ref. 9), we assumed 
this phenomenon could not be related to the cytopathic effec 
of LAV’, but was probably due to either modulation 
molecules at the cell membrane or steric hindrance of antibody. 
binding sites. Both cases imply interaction of viral’ particle 
produced in the culture with the expression of T4. Consequently,. 
we designed experiments to assess whether the T4* tropism of 
LAV was directly related to the presence of this glycopror 
on T4* lymphocytes. 

Three antibodies (OKT4, Coulter clone 12T4D11 and DI 
clone 19 Thy 5D7) specific for distinct epitopes. of th 
glycoprotein were used in these studies. As controls we u 
four different monoclonal antibodies, three directed against 
HLA class II gene products, mainly the DR molecule (given b 
D. Charron)’, and anti-TNK-target, which recognizes a 140K 
surface molecule strongly expressed on all cultured T lym 
phocytes''. T4* lymphocytes (stimulated with phytohaemag 
glutinin ( PHA) for 3 days) were obtained from peripheral blo 
mononuclear cells of normal donors as described previously”: 


Reduced expression of T4 molecule in LAV-infected T4* lymphocytes 





Before the epeak of RT Aday D 


OKT4 
95 
85 


1 
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Cell fraction 


Purified T4":and T8* lymphocytes were obtained by cellular affinity chromatography as described previously®” 


% Lymphocytes stained 


After the peak of RT (day 11) 


and cultured in the preserice.of 


RPMI1640 medium supplemented with 10% fetal calf serum. After 3 days, 5x 10° cells were incubated for 30 min at 37°C with 
f LAV. reverse transcriptase-containing supernatant. After washing, cells were resuspended in 5 mi of culture medium containing 
intetferon serum and polybrene*. Reverse transcriptase activity (RT) was determined twice weekly in cell-free supernatants as reported 
this experiment, RT peaked at day 8, having reached 1 x 10° c.p.m. Indirect immunofluorescence staining was performed as described. 
pieviously, using the OKT4, OKT4A and OKT8 monoclonal antibodies (Ortho-Diagnostics System)". ` 











Monoclonal antibodies inhibit infection of 
lymphocytes by LAV 









Reverse 
transcriptase Lymphocyte 
activity concentration 
Antibody (e-p.m. x 1079) (10° mv!) 
~- 39 1.3 
Anti-T4 2 1.2 
Anti-class H 54 1.4 









Purified T4* lymphocytes were obtained and cultured as described 
«for Table 1. After 3 days, cells were centrifuged and 5x 10° cells incu- 
«bated with 500 wl of culture medium containing saturating concentra- 
tions (1: 200) of the respective antibodies or medium alone as control, 
After 20min at room temperature, the cells were washed once and 
incubated for 30 min at 37°C with 50,000 c.p.m. of LAV reverse tran- 
seriptase-~ -containing supernatant. After washing, cells were resuspended 
cán 5 ml of culture medium to which the respective monoclonal antibody 
© had been added at a 1: 400 dilution. Reverse transcriptase activity was 
determined twice weekly for cell-free supernatants obtained at the time 
when cultures were adjusted to 110° cells per ml and new medium 
' added*. The results shown were obtained at the peak of virus production 
in this. experiment (day 6 after infection). Lymphocyte concentrations 
represent cell growth from day 3 (when the number of cells was adjusted 
to. 110° mi~!) to day 6. 


Table 3 Incubation with monoclonal antibodies 


does not neutralize LAV 





Reverse 
transcriptase 
activity 
Antibody (c.p.m. x 1079) 

- l 
- 32 
T3 35 
T4 31 
T8 30 


AV-containing supernatant was incubated for 30 min at 37°C with 
er OKT3, OKT4 or OKTS (Ortho- Diagnostic) monoclonal antibody 
the concentrations used in the previous experiments; 2 ml of this 
“Supernatant were then mixed with Imi of goat anti-mouse 
immunoglobulin-coated Sepharose 6-MB beads. After incubation of this 
mixture for 30 min at room temperature, reverse transcriptase activity 
“was measured in 2 ml of the supernatant. 


ad incubated for 20 min at room temperature with saturating 
concentrations of antibodies. After washing, cells were incu- 
bated with LAV-containing supernatant for 30 min at 37°C, 
sing 10,000 c. p-m, of reverse transcriptase activity per 10° cells*. 
Unadsorbed virus was then washed out and cells were cultured 
in’ medium containing anti-interferon serum, interleukin-2 
(IL-2)* and the respective monoclonal antibodies. As infectious 
particles can persist in culture medium even after washing and 
further infect lymphocytes that are no longer coated by anti- 
bodies shed in the medium, we added antibodies to the culture 
for the first 2 weeks to prevent such late infection. 
Incubation and culture of T4* cells with anti-TNK- -target or 
anti-HLA class H monoclonal antibodies did not prevent virus 
roduction, as detected by reverse transcriptase activity in the 
culture supernatants as well as by the appearance of a cytopathic 
effect’. In contrast, incubation with either of the anti-T4 anti- 
bodies completely inhibited virus replication in these cells (Table 
2, Fig. 1); we could detect no reverse transcriptase activity or 
cytopathic effect for as long as | month after virus infection, 
even after discontinuing the addition of anti-T4 antibody to 
ulture medium on day 13 (Fig. 1). Such results could not be 
attributed to the decreased proliferation of cultured cells in the 
‘presence of these monoclonal antibodies (Table 1; ref. 12). 
Neutralization of LAV particles by anti-T4 antibody was ruled 
ut. Viruses were not retained by the goat anti-mouse 
immunoglobulin-coated Sepharose 6-MB beads which were 
“used to enrich the T4” population?” after incubation with these 








tion by modification of the membrane: properties after antibody 
binding was also unlikely, as other monoclonal antibodies which 
bind to glycoproteins expressed in high amounts on the mem- 
branes of activated cells did not prevent viral infection. 
In the conditions used, the amount of reverse transer 
activity appeared to vary according to the antibody used. Th 
possibility that some of these antibodies could even enhance — 
virus penetration or production (Table 2) is being investigated: i 
Thus, these results strongly suggest that LAV tropism depends 
on the interaction of LAV with the T4 molecule; they arein 
accord with the data presented in the accompanying paper’, 
which show the relationship between the T4 expression of differ- 
ent lymphoid cell lines and their susceptibility to LAV and 
HTLV-II, a similar retrovirus isolated from AIDS patients'*, | 
Replication of LAV in EBV-transformed lymphoblastoid cell: 
lines’ could indeed be associated with a significant T4 
expression on these cells’? a 
The present findings strongly suggest that the T4 Zivconeteat 
is at least associated with all or part of the receptor for LAV, 
of particular interest in view of the involvement of this molecule 
in human T-cell functions. Indeed, this glycoprotein delineates 
a subset of lymphocytes which primarily mediate induction of 
the immune response” °, Furthermore, recent studies have sug- 
gested that T4 is involved in the recognition of HLA class II 
gene products'®'’. Taken together, these data provide a 
molecular basis for the previously described tropism of LAV 
for the inducer lymphocyte subset. In addition, they may more 
generally reflect one of the mechanisms of interaction between 
retroviruses and immunocompetent cells, Finally, these results 
should help to delineate future therapeutic strategies in the 
treatment of AIDS. pë 
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T lymphocytes, essential for the generation of a normal immune. 
response, require the presence of the lymphokine interleukin-2 
(IL-2) in order to proliferate’. Celis that respond to IL-2 possess 
a surface receptor glycoprotein specific for this lymphokine™*. We = 
have recently purified and chemically characterized the IL-2 recep: a 














m both phytohaemagglutinin-activated: human T cells and 
man: T-cell: lymphoma HUT-102 (ref. 5). From the NH,- 
minal protein sequence obtained in that study, we have now used 
etic oligonucleotides to probe a complementary DNA library, 
prepared from HUT-102 messenger RNA, for the presence of 
-CDNA clones that might code for the IL-2 receptor. Two cDNA 
“clones: were isolated which had closely related DNA sequences. 
Interestingly, only one coded for an active receptor when trans- 
‘fected into COS-7 cells. This clone contained a 216-base pair (bp) 
-insert that was not present in the other clone. The insert was 
flanked by an 8-bp direct repeat reminiscent of a transposable 
element, and appeared to code for a region of marked structural 
homology to the NH,-terminal region of the receptor molecule. 
¿$ Polyadenylated mRNA from HUT-102 cells was purified and 
cused to construct a cDNA library by standard techniques ( Figs 
1,2), and oligonucleotide probes corresponding to the amino 
acid sequence of the IL-2 receptor (Cys-Asp-Asp-Asp-Pro-Pro)* 
“were synthesized. As there were 64 possible 17-nucleotide 
“sequences that could encode these amino acids, we carried out 
primer extension experiments to define a more precise probe 
(Fig. 1). Of the six oligonucleotide pools tested, only pool N 
(5'-GGE -GGGTCGTCGTCACA-3’) gave clear primer extension 
- products, of 230 and 280 nucleotides. This pool was therefore 
used as a probe to screen the HUT-102 cDNA library (Fig. 2). 
= Two cDNA clones, designated pNI and pN4, having insert 
‘sizes of 1.0 and 2.8 kilobase pairs (kb), respectively, were 
‘selected. for further analysis. Restriction mapping and cross- 
“hybridization experiments showed that these two clones were 
closely related, but not identical (Fig. 2a). pN4, in addition to 
being considerably larger than pN 1, contained an insert of about 
200 bp not present in pN1. To establish the relationship between 
_ these cDNA clones and their possible identity to the IL-2 recep- 
¿tor sequence, we determined their nucleotide sequence (Fig. 
. 2b). Both clones contained the sequence of the oligonucleotide 
-probe N, with a single base pair mismatch, and encoded the 
amino acid sequence determined for the NH)-terminus of the 
“IL-2 receptor’. They also encoded a stretch of 21 amino acids 
immediately preceding the NH)-terminal sequence, starting with 
thionine and showing many of the characteristics of a hydro- 
' phobic signal peptide expected for membrane or secreted pro- 
teins. 
_ Both pNI and pN4 had a single large open reading frame, 
-of 200 and 272 amino acids, respectively, terminating at the 
‘game position (nucleotide 861). However, pN4 contained 216 
nucleotides not found in pN 1 (nucleotides 370-585). This insert 
‘was’ bounded by direct repeats of the 8-bp sequence 
TTCCAGGT, which was found only once in pN1. Following 
“this insert, the same reading frame was maintained in pN4 and 
pNl.-Only four nucleotide differences were found between the 
«two sequences. These were clustered towards the NH,-terminal 
portion of the protein, and were predicted to cause three amino 
‘acid replacements, Glu 29 to Lys, Lys 87 to Glu, and Ile 88 to 
-Met A search of the data bases of the National Biomedical 
- Research Foundation, Genbank and the European Molecular 
“Biology Laboratory detected no significant homologies with 
other sequences. 
To determine whether one or both cDNA clones could encode 
a functional IL-2 receptor, we attempted their expression in 
,COS-7 monkey kidney cells (Fig. 3). Two plasmids, pNI/N4-S 
and pN1/N4-X, containing the coding regions of pN4 and pNI, 
“respectively, were transfected into COS-7 cells. The cells were 
collected 48h later and assayed for expression of the IL-2 
_ receptor by their ability to bind either '**I-labelled IL-2 or 2A3, 
“a monoclonal antibody directed against the IL-2 receptor”. We 
: ound (Fig. 3b, c) that COS-7 cells transfected with pN1/N4-S 
could bind specifically both IL-2 and the monoclonal anti-IL-2 
teceptor antibody, but that neither pN1/N4-X nor mock-trans- 
d COS-7 cells showed any specific binding of either IL-2 
ody. As pN1/N4-S contains the pN4 coding region, this 
dicated that pN4 encodes a functional IL-2 receptor 
= prot in, while pN1I does not. The receptor in transfected COS-7 
: cells migrated on SDS-polyacrylamide gels with a relative 
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Fig. 1 Primer extension analysis of T-cell RNA. The... 
autoradiogram shows: 
lane 1, hybridization with the oligonucleotide pool I, 5- 
GGGGG&TCATCATCACA-3’; 
lane 2, pool J, GGAGGA ATCATCATCACA: 
lane 3, pool K, GGT GGATCATCATCACA; 
lane 4, pool L, GGCGGATCATCATCACA: 
lane 5, pool M, GGAGGGTCGTCGTCACA; 
lane 6, pool N, GGEGGGTCGTCGTCACA. 
M, markers are **P-labelled Hinfl fragments of pBR322. In other 
experiments (data not shown), pool N gave the same primer 
extension products with RNA from HUT-102 cells, but not with 
RNA from IL-2 receptor-negative HL60 cells, and was therefore — 
a good candidate for an IL-2 receptor-specific probe. 
Methods: Peripheral blood T cells were isolated as described pre- 
viously’? and stimulated for 20h with the mitogens concanavalin 
A (20 ug mi”) and phorbol myristic acetate (10 ng mi™'). Total 
RNA was isolated by the guanidinum thiocyanate/caesium 
chloride method'*. Oligonucleotides were **P-labelled to a speci 
activity of 10° c.p.m. per ng with T4 polynucleotide kinase and 
[y P]ATP (7,000 Ci mmol™', NEN). Each probe (5 « 10° c.p:m.) 
was co-precipitated with 20 ug of RNA, redissolved in 5:5 pl 
10 mM Tris pH 8.3, I mM EDTA, 4.5 pl 2 M KCI, heated at'65°C 
for 5min, then hybridized at 50°C for 1h. The reaction. was 
adjusted to 50 mM Tris pH 8.3, 140 mM KCI, 10 mM MgCl, 5mM ` 
dithiothreitol, 100 .gml~! actinomycin D, 100 pgm"! bovine 
serum albumin (BSA) and 10 U reverse transcriptase in a- finak.: 
volume of 60 pl. This was incubated at 42 °C for 1h, followed by `< 
the addition of EDTA to 20 mM final concentration. Following 
phenol: chloroform (1:1) extraction and ethanol precipitation, the 
nucleic acids were redissolved in 80% formamide, 100 mM Tris- 
borate pH 8.3, I mM EDTA and electrophoresed on a 4% polyacry- 
lamide/8 M urea gel. Following electrophoresis, the gel was dried 
and exposed to X-ray film. 


molecular mass (M,) of 50,000, as detected by Western blot 
analysis using '**I-labelled 2A3 (data not shown). 
To study the expression of IL-2 receptor mRNA, we probed 
Northern blots of RNA from HUT-102 cells and activated 
peripheral blood T cells (Fig. 4). A probe derived from the 
Sstl- BamHI fragment of pN4 hybridized to two classes of RNA’ 
of about 1.4 and 3.4kb, present in both HUT-102 and T-cell 
RNA (Fig. 4a). These RNA species were present at less than 
1% of these levels in resting T cells (data not shown), Interest- 
ingly, a probe specific for the insert in pN4, consisting of the 
240-bp Pstl-Bgli fragment, hybridized to both RNA classes in 
HUT-102 and T-cell RNAs (Fig. 4b). 
The relationship between pNI and pN4 remains unknown. 
pNI could represent a cloning artefact or an aberrant transcript 
specific to HUT-102 cells. If pN1 indeed represents a bona fide 
mRNA species, it could be the product of a gene at a locus: = 
distinct from, or allelic to, that of pN4. Alternatively, one gene. 
could give rise to both classes of transcripts via alternative RNA 
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Fig. 2 a, Restriction map of pN1 and pN4. Pst] sites in brackets 
are those generated by the cloning procedure. Coding sequences 
are boxed: the pN4-specific insert is shown as an open box. b, The 
nucleotide sequence and predicted amino acid sequence of the 
IL-2 receptor. The nucleotide sequence shown is from pN4 except 
-ifor sequences upstream from the arrow, which are derived from 
Ni, The arrow marks the 5’ end of the insert in pN4. The 
ucleotides are numbered. from the position of the presumed 
initiator methionine codon, and the amino acids are numbered 
fram the mature NH,-terminus of the protein, the Glu residue 
“marked with a star. The sequence from pN1 differs from pN4 at 
nucleotides 148, 183, 322 and 327 (three of which would cause 
amino acid changes). pN4 also contains a 216-bp insert sequence 
not present in pN1 (underlined in dots). Underlined amino acids 
were confirmed by protein sequence analysis and triangles rep- 
“resent possible glycosylation sites. Boxed amino acid and nucleo- 
tide sequences indicate homologous residues between the NH,- 
terminal region and the insert region when the two heavily boxed 
residues are aligned, as determined by the computer programs of 
Needieman and Wunsch”. The 8-bp repeat flanking the insert is 
: boxed, 
.. Methods: a, Double-stranded cDNA was synthesized from HUT- 
i 102 polyadenylated RNA by standard procedures'*. The cDNA 
“was size fractionated on a Sephacryl S-400 column and fractions 
> $00 bp in length were pooled and tailed with dCMP residues". 
The tailed cDNA was annealed to dGMP-tailed, PstI-cut pBR322 
(NEN) and used to transform Escherichia coli strain MM294 
according to the procedure of Hanahan'®. Approximately 2 x 10° 
transformants were obtained from 100 ng of cDNA. Pools of 5,000 
transformants were used to make small-scale plasmid DNA 
preparations!’, digested with Prull and HindIII, electrophoresed 
on a 0.8% agarose gel, blotted to nitrocellulose filters and hybrid- 
~jzed.to.2°P-labelled oligonucleotide pool N (10°c.p.m. m’ in 
“6X SSC, 0.5% NP40, 0.1% sarcosyl, 5 x Denhardt's solution con- 
taining 100 ug ml! salmon sperm DNA at 50°C for 16 h). Blots 
were washed extensively in 6x SSC at room temperature and then 
© for Smin at 55°C before autoradiography. Positive pools were 
chosen for colony hybridization'® experiments using the same 
conditions. Identified transformants which hybridized strongly 
with the probe were purified. Restriction maps were generated 
using. standard techniques 4 b, Plasmids pN! and pN4 were 
‘digested with Psri, Sstl, Xbal and BamHI in various combi- 
-pations and cloned with M13mp18 or M13mp19 (ref. 19). DNA se- 
“quencing was done by the chain termination method” as described 
previously?'?. 
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Fig.3 a, Expression of the IL-2 receptor in COS-7 cells. Structure of 
cDNA expression plasmids. The vector used to express cDNAs (pMLSV, 
shown as a circle) consists of four parts. The stippled box contains the. 
simian virus 40 (SV40) origin of DNA replication, enhancer elements: 
and early and late promoters (SV40 coordinates 5,107-208), originally 
derived from plasmid pSV2-dhfr (ref. 24) as a HindIH- Poul fragment. 
Downstream from the early promoter is a synthetic polylinker sequence 
that includes sites for Bgfll and Pst! (D.C., unpublished). The hatched 
box contains the $V40 small-T antigen splice donor and acceptor sites 
(SV40 coordinates 4,035-4,656) and the $V40 polyadenylation site (SV40 
coordinates 2,469-2,706), originally derived from pSV2-dhfr as a Belll- o 
BamHI fragment®*. The thin lines are from the plasmid pML2d, a ` aA 
derivative of pBR322 which lacks sequences inhibitory to DNA replica- 
tion in mammalian cells?™?®, As pN4 lacks the first three amino acids 
of the presumptive signal peptide, and the presence of dG.dC tails a 
the 5' end of a cDNA insert can inhibit its expression (ref. 27 and our = 
unpublished observations), we constructed hybrid cDNAs pNI/N4-S. 
and pN1/N4-X, taking advantage of the ‘natural’ Psti site in the: 5’ 
noncoding region of pN1 which lacks tails. Sequences derived from: 
pNI are shown as solid boxes, and those from pN4 as open boxes: The: 
hybrid cDNA molecules were inserted into the PstI and Bill sites of 
the polylinker in pMLSV. pN1/N4-S contains the 5’ Pstl-Ssrl fragment 
from pNI and the Sstl- BamHI fragment from pN4, and thus has the 
coding sequence of pN4. pNI/N4-X contains the 5’ Pst!~Xbal fragment 
from pN1 and the Xbal- BamHI fragment from pN4, and has the coding 
sequence of pN1 (Fig. 2). b, c, Transfected COS-7 cells were screenec 
for IL-2 receptor expression by binding of 251 Jabelled anti-IL-2 rece 
tor antibody 2A3 (b) and '**I-labelled IL-2 (c). eee 
Methods: a, Plasmids were transfected into COS-7 cells as described 
previously”*°. Monolayers of COS-7 cells (10° cells per 10-cm plate) 
were washed twice with Tris-buffered saline (TBS) and exposed to lO pg. 
of DNA per plate in 1 ml TBS containing 500 pg mi”! DEAE-dextran 
(M, 5x10°, Sigma) for 30 min at room temperature. The cells were 
washed once more with TBS and fed with growth medium (Dulbecco's 
modified Eagle’s medium with 10% fetal bovine serum) containing o- 
100 uM chloroquine. After 5h at 37°C, the medium was replaced by = 
growth medium without chloroquine, and the cells were. incubated at 
37 °C for 48 h, then collected by scraping. b, c, '**I-labelled 2A3 (specific. 
activity 9.8 x 10'* c.p.m.mmol”') was purified and radiolabelled as 
described previously’. IL-2 was purified by two-step reverse-phase 
HPLC?" and radiolabelled using. the Enzymobead radioiodination. 
reagent (BioRad) essentially following the manufacturer's specifica- 
tions. Briefly, 50-pl aliquots of IL-2 (5x10f U) in acetonitrile and | 
trifludroacetic acid were combined with 50 pl of 0.2 M sodium phosphate 
pH 7.2, and the acetonitrile was evaporated under nitrogen. Then 50 al. 
of Enzymobead reagent, 10 pl of ‘°F (1 mCi) and 10 pg of 2.5% B-D- 
glucose were added and the mixture was incubated at 25°C for 10min. 
Sodium azide (201 of 25 mM) and sodium metabisulphite (10 pl of 
5 mg mi™') were then added and after 5 min at 25°C, iodinated IL-2 
was separated from unbound '*I by chromatography on ‘a 2-ml 
Sephadex G-25 column equilibrated in 0.05M sodium phosphate, 
pH 7.2, containing 0.1% BSA. Based on an initial biological specific 
activity for IL-2 of 1x 10° U per pg protein, the radiolabelled prepar- 
ation had an estimated specific activity of 1 10'° c.p.m. mmol™'. Bind- 
ing assays were performed as described previously ' Cells (1.210%) © 
were incubated with either 5 10°? M !?51-2A3 or 1.3 x 107° M EIL > 
in a final volume of 150 pi for 30 min at 37 °C. Nonspecific binding was 
measured in the presence of a 1,000-fold molar excess of unlabelled — 
2A3 or a 150-fold molar excess of unlabelled IL-2. Replicate 70-ple 
aliquots of incubation mixtures were centrifuged through phthalate oil, 
and b and c show specific c.p.m. bound to separated cell pellets — 
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Fig. 4 Northern blot analysis of RNA from HUT-102 and 
<mitogen-stimulated peripheral blood T cells. Poly(A)* mRNA was 
purified™ from whole-cell RNA, isolated as described in Fig. | 
end, electrophoresed on 1.5% agarose gels containing 
rmaldehyde and transferred to nitrocellulose filters as described 
elsewhere! Blots were: hybridized with °2P-RNA probes, 
“synthesized. by SP6 polymerase as described previously”. 
Restriction fragments to be used for probes were subcloned into 
the pSP64 vector (Promega Biotec). a, Probe from the SstI- BamHI 
fragment of pN4, b, Probe from the pN4-specific 240-bp Pstl-Bgll 
fragment of pN4 (Fig. 2). Hybridization was for 16h at 63°C in 
Stark’s buffer™*. Blots were washed at 68°C in 0.1 xSSC for th 
and autoradiagraphed for 4h with intensifying screens. Lane 1, 
2g of poly(A)* whole-cell RNA from HUT-102; lane 2, 2 ug of 
ly(A)* whole-cell RNA from peripheral blood T cells stimulated 
in Fig. 1. The position of large (28S) and small (18S) ribosomal 
s observed by ultraviolet shadowing of the gel before blotting 
are indicated. 


splicing and/or polyadenylation mechanisms. We are currently 
ting to resolve these issues by isolating additional cDNA 
nd genomic clones of the IL-2 receptor gene. 
Figure 2b shows the sequence coding for a protein of M, 
28,428 and defines three structural regions. Region 1 covers 
residues 1-102, terminating with the first 8-bp repeat. It is 
potentially rich in carbohydrate, with possible N-linked glycosy- 
lation sites at Asn residues 49 and 68. O-linked glycosylation 
sites are difficult to predict, but serine- and threonine-rich areas 
are clustered in the same region around residues 50-54 and 
62-66. The: M, of the receptor isolated from HUT-102 cells 
‘ranges from 47,000. (estimated from the specific activity of the 
_ purified receptor of 21,200 fmol of receptor per ug protein®) to 
55,000. (estimated from the migration of the protein on SDS- 
- polyacrylamide gels*). Similar sizes have been reported in 
studies of radiolabelled receptor®®. Results of pulse-chase 
‘periments and studies using tunicamycin and glycosidase 
indicate a protein of M, 33,000-40,000 that is a precursor to the 
mature protein®’. Our results suggest that the receptor could 
easily be composed of 50% carbohydrate. 
_ Region 2 is present only in pN4 and covers residues 103-174, 
terminating. with the second 8-bp repeat. It has a striking 
_ homology to region 1 in that if the Cys residue at position 104 
_dsaligned with the Cys at position 3, all of the residues boxed 
in Fig. 2b, including all of the Cys residues, are identical between 
the two regions. A hydrophilicity plot of the amino acid 
equence'’’ revealed that this region contains a stretch of 18 
largely. hydrophobic amino acids (residues 118-135). Because 
on 2 is absent from pNI and as pNI/N4-X fails to encode 
detectable receptor in transfected COS-7 cells, it is tempting 
peculate that this region is responsible for the IL-2 and 2A3 
ig properties of the protein encoded by pN4 (pNI/N4-S). 
"eS that the sequence encoding region 2 of pN4 is 
/ 8-bp direct repeats. The generation of small direct 
eats sing an insertion is characteristic of many types of 
tansposable élement''. However, it is unusual for a transposable 








function of that protein. We have no evidence that the protein 
encoded by pN4 is sufficient by itself to deliver a transmembrane 
signal. It therefore remains possible that it is the IL-2 bindi g 
component of a larger IL-2 receptor complex, as previously 
suggested’’, 

The third region consists of the 77 residues extending fro 
the second 8-bp repeat to the C-terminus of the protein and 
present in both pNI and pN4. It contains a presumptive men 
brane-spanning region of 23 hydrophobic residues between posi 
tions 218 and 241, followed by a short, highly basic C-termina 
peptide. : 

The availability of a cDNA encoding the IL-2 receptor should 
help to elucidate the regulation and function of a protein that 
is intimately involved in growth control of human T cells. 
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The T-cell receptor has been studied intensely over the past 1 
years in an effort to understand the molecular basis for maj 
histocompatibility complex (MHC) restricted antigen recogni- 
tion’. The use of anti-receptor monoclonal: antibodies to. isolate 
and characterize the receptor from human and murine T-cell 
clones'*-'* has shown that the protein consists of two disulphide- — 


linked glycopeptides, œ and £, distinct from known. 













































































immunoglobulin light and heavy chains. Like immunoglobulin 
light and heavy chains, however, both the œa- and B-chains are 
_ composed of variable and constant regions'*"*. Molecular cloning 
has revealed’? that the -chain is evolutionarily related to 
immunoglobulins, and is encoded in separate V (variable), D 
. (diversity), J (joining) and C (constant) segments that are 
rearranged in T cells to produce a functional gene’ 747, We 
report here cDNA clones encoding the a-chain of the receptor of 
the human T-cell leukaemia line HPB-MLT. Using these cDNA 
probes, we find that expression of a-chain mRNA and rearrange- 
ment of an a-chain V-gene segment occur only in T cells. The 
protein sequence predicted by these cDNAs is homologous to T-cell 
receptor B-chains and to immunoglobulin heavy and light chains, 
particularly in the V and J segments. 
The HPB-MLT a-chain peptides, the corresponding oligo- 
< nucleotide families and the method used for isolating and sub- 
cloning the two a-chain cDNA clones, pGA-1 and pGA-5, are 
: described in detail in Fig. | legend. The 570-base pair (bp) 
 EcoRI-Pstl fragment of the pGA-I insert corresponding to the 
Y, J, and part of C of the a-chain (see Fig. 3) was used to 
investigate the expression of a-chain mRNA. The fragment was 
labelled by nick-translation and used to probe mRNA from 
several T-cell and non-T-cell tumour lines (Fig. 2a). A mRNA 
species of 1.5 kilobases (kb) was detected in HPB-MLT and in 
second T-cell tumour, JURKAT. No mRNA species were 
tected in the erythroleukaemia line, K562, or in the two B-cell 
umour lines U266 and Daudi. Thus the presumptive a-chain 
“mRNA is T-cell-specific and 1.5 kb in length. 
The organization of B-chain and immunoglobulin genes 
coupled with the partial a-chain amino acid sequence” predic- 
“ted that the a-chain should be encoded in gene segments under- 
going somatic rearrangements in T cells. Southern blot analysis 

probing with the 570-bp V-J-C fragment (Fig. 2b) demon- 
strated the existence of T-cell- specific DNA rearrangements in 
- HPB-MLT and JURKAT but not in two other T-cell lines, CEM 
‘and F35.3, or in any of the three non-T-cell lines examined. To 
determine which portion of the a-chain was encoded on the 

arranging fragments in HPB-MLT and JURKAT, we repeated 
he-analysis with separate V- and C-region probes (Fig. 2b). 
The C-region probe identified a 0.6-kb Poul] germ-line fragment 
‘and a 5.0-kb BamHI germ-line fragment which were not 
rearranged in any cell line we examined. Similar results were 
tained using DNA digested with either HindIII or EcoRI, 
indicating that these restriction sites are present in the intron 
between the Ja gene segments and the C, gene segment. The 
_ V-region probe detected rearrangements in HPB-MLT and 
JURKAT, but not in any other cell line, suggesting that HPB- 
MLT and JURKAT have rearranged the same V, gene segment. 
However, the fact that the rearranged fragments differed in size 
by ~2kb may imply a rearrangement to a different J, in HPB- 
¿MLT and JURKAT. The detection of a single germ-line fragment 
¿with this V, indicates that it is not a member of a large cross- 
hybridizing Va family such as those often seen among 
immunoglobulin V genes. The failure to detect rearrangement 
of this V, in CEM or F35.3 is not surprising since not all T 
‘cells are expected to rearrange and express the same V gene. 
«Taken: together, these data indicate that, as with other 
_immunoglobulin-like molecules, the a-chain is encoded by sep- 
` arate, non-contiguous segments which somatically rearrange in 
-Tecells to produce a functional gene. 
-© The nucleotide sequences of the inserts in pGA-1 and pGA-5 
were determined and the portions corresponding to a-chain 
MRNA deduced (Fig. 3). The two sequences confirmed each 
other. The a-chain nucleotide sequence and its predicted trans- 
Jated protein (Fig. 36) shows that of the eight a- -chain tryptic 
peptide sequences which we previously reported”, seven are 
‘present in the predicted protein sequence (A-G), as well as a 
ninth peptide (1), sequenced but not previously reported. One 
of the previously-reported peptides (H) is not present. Presum- 
ably this peptide was a high yield product of a minor con- 

taminant in our a-chain protein preparation. 

As the initiation ATG codon was apparently lost during the 


“preparation and cloning of th 





the coding sequence is ambiguous. However, the first 20 ami 
acids shown are very homologous to the hydrophobic lead 
sequences previously reported for receptor #-chains'”~ a 
indicating that only a few bases of coding sequence are missing. 
Attempts to sequence this a-chain protein have indicated a 


blocked N-terminus, possibly the result of the presence of a 
Glin-derived pyrrolidone carboxylic acid (our unpublished — 
observations). Therefore, we suggest that the mature a-chain 


sequence begins at the first Gin. The rest of the sequence then 


encodes a 253-amino acid protein of relative molecular mass = 
(M,) ~ 30,000 (30K) with five possible sites for N-linked glycosy- 


lation (Asn-X-Ser or Asn-X-Thr). This is consistent with the 
known M, (47 K) of the Fully Byers HPB-MLT a-chain 
present on the cell surface’ 

When the sequence of the mature a-chain protein was com- 


pared with that of T-cell receptor B-chains, immunoglobulin. 


light and heavy chains and another T-cell-derived immuno- 
globulin-like molecule of unknown function (pHDS4)"* areas 
homologous to V region, J segment and C region could be 
identified. For the V region homologies were most apparent in 


areas corresponding to the three framework regions of | 


immunoglobulin V regions defined by Cys at positions 22 and 
91 and the Trp at position 35 (Fig. 4a). The homology in the 
area just before the second Cys is particularly striking. As we 
pointed out previously”, based on a partial a-chain protein 


sequence, the region corresponding to the J segment was strongly » 


homologous to other J segments, particularly to two receptor 
B-chain J segments (Fig. 4b). There is no obvious evidence for 
a D segment between the V and J segments of this æ-chain, ” 
although this possibility cannot be ruled out without knowledge a 


of the germ-line sequences of the V and J segments. 
The C-region of the a-chain contains a domain of 51 amino 
acids defined by Cys at position 135 and 185. This domain is 


considerably smaller than the corresponding domain in’ 


immunoglobulin chains (61-67 amino acids), T-cell 6-chains 


(62-66 amino acids) or the pHDS4 protein (56 amino acids). 
The sequence homology to these other proteins in the Cys areas” 


is shown in Fig. 4c, There is some homology to B-chains, but 


very weak homology to the other proteins. We postulate that _ 
the third Cys in the C-region is the site of disulphide linkage 5 
to the B-chain, as there is a Cys in a corresponding. position in. 
B-chain C regions. There is no homology to B-chains in this 


region (Fig. 4c), but some homology to the corresponding area 


of immunoglobulin heavy-chain hinge regions involved in disul-’. 


phide linkage to light chains is apparent. 


The C-terminal end of the protein contains a hydrophobic 


stretch of 20 amino acids followed by a final Arg-Trp-Ser-Ser. 


We postulate that this stretch represents a transmembrane and” 


cytoplasmic segment respectively. The presence of two charged’ 
basic amino acids in a transmembrane segment is unusual. A. 


charged basic amino acid is also found in the transmembrane 
segment of @-chains'’"*!. As the receptor is associated in the 
membrane with the proteins which make up the T3 complex”, 
we speculate that these basic amino acids may be involved in 
this interaction. 


Our results suggest that the sequence and genetic organization : 


of this T-cell receptor a-chain identify it as a member of the 


rearranging immunoglobulin-like family of genes. This family — 


now has six identified members: a, B and the pHDS4 protein. . 


in T cells and heavy chains; A and x in B cells. The dissimilarities. 


among the T-cell- and B-cell-derived sequences indicate their 
very early evolutionary divergence. This collection of cloned 
genes may elucidate some fundamental questions on T-cell 
recognition of antigen, such as the structural basis of MHC 


restriction of antigen recognition, the selection of the T-cell: 


repertoire in the thymus and the nature of self-tolerance... 7 


Since the submission of this manuscript two additional reports — 


of murine T-cell-derived immunoglobulin-like cDNAs have 


appeared***', The C-region of the protein encoded in these. 
cDNAs is very similar to that of the human a-chain reported _ 


here. The human and murine sequences are identical at 93:0f - 








HPB-MLT Receptor Alpha Chain Protein © 





a i - Tryptic Peptide G Tryptic Peptide F 
Strategy for cloning the cDNA of the a-chain of the T-cell ‘ 


ceptor. Based on a partial amino acid sequence of the T-cell Pro Asn Tie Gin Asn Pro Asp Pro Ala Val Tyr Gin Leu Tyr Ser Trp Asn Phe in 
tor:a~-chain of HPB-MLT, the three oligonucleotide families CCT AAT ATT CAA AAT CC TAT TCT TGG AAT: TIT: Ca 
shown were synthesized on a Systec DNA synthesizer and purified £ R £ poe Sy ae 
“under the supervision of Dr Bruce Kaplan (Beckman Research G k E 
titute, California). A cDNA library was constructed from HPB- NT yt 
Agt-10°?. A total of $ x 10* recombinant phage were blotted ee ee i ae ree : 
onto nitrocellulose paper (10* per 150mm Petri dish)”. Duplicate Aeiguntnne EEA 
filters were baked at 60°C for 6h, washed in 2 x SSC, 10 mM Tris c ¢ 
pH 7.5, 0.2% SDS at 65°C for 4 changes of 1h each. They were 
then pre-hybridized in 4xSSC, 5 x Denhardt’s solution, 100 pg Rt ee Nat ie ey 
ml" sonicated, denatured E. coli DNA for 16h before hybridiz- Oligo Family II Oligo Family Ib 
ation, The melting temperatures (T,,) of the members of each 96x i7mers 16 x i7mers 
family. were calculated from the formula T= 2°C (number of 
A.dT bp)+4°C (number of dG.dC.bp)**. For each family the HPB-MLT cONA library 
hybridization temperature was the T of the member with the in gto 
lowest T,,. Hybridization was performed for 36h in the prehy- 5x104 fecomgindnt phage 
bridization solution containing 5 pmol ml! of *p.5'-end-labelled hybridizing with 
} tide. mixture at a specific activity of 6x 10° c.p.m. Oligo emily I 
After hybridization, filters were rinsed three times in 8 phage 
{4°C, then washed three times in 4 x SSC at the hybridiz- Wording iih 
n temperature for 30 min each. The initial hybridization was Oligo Family II 
‘ormed with oligomer family I. Eight clearly duplicated positive ie : 
hage were identified. Of these, two were positive with oligomer hybridizing with 4 
mily I. AGA-I tested positive with oligomer family HI. Although Oligo family i ae * 
GA-5 failed to hybridize detectably with oligomer family III, it ven XGaes 
Wi bsequently shown to contain a-cDNA by hybridization with | l 
' insert of AGA-1 and by its nucleotide sequence. The insert of subclone in ard 
each phage was subcloned into the EcoRI site of pUC13 for pGA-l pGA-5 
; subsequent experiments, 
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a VJC PROBE C PROBE | VPROBE poe 

2 Expression of — a-chain NON- S 

and rearrangement of a- T CELLIT CEÙL |a 
genomic DNA is. T-cell- pag 1 

“specific, a, Poly (A*) mRNAS (5 pg) 

, ftom two T-cell tumour lines, HPB- 


ikaemia cell line, K562, the plas- 
toma, U266, and the Burkitt's 
Daudi, were elec- 

a1% formaldehyde 

tred to nitrocellulose 


and used as probe. Hybridiz- 

“was performed in 6 xSSC, 

o SDS for 16 h and autoradiogra- 

$ performed overnight. 

chia coli 16S and 23S rRNA 

re electrophoresed in parallel as 

i =b, Genomic DNAs were 

repared from three human T-cell 
mours (HPB-MLT, JURKAT and CEM), from a T-cell 
‘hybridoma (F35.3, fusion of CEM to normal T cells) and from 
three non-T-cell tumour lines (GK-5, an EBV-transformed B-cell 
ne: KB, a laryngeal carcinoma; HELA, a cervical carcinoma 
ine). The DNAs were digested with BamHI or Poull and Southern 
analysis carried out by the procedure of Wahl et al??? except that 
the acid depurination step was omitted and the gel was irradiated 
shortwave ultraviolet light for 8 min before the denaturation 
After transfer to nitrocellulose paper, the blots were probed 
her the 570-bp PstI-EcoRI fragment of pGA-I or subfrag- 
ecific for C (185-bp Haelll-~EcoRI fragment) or for V 
bp Psil-Sau3a fragment) (see Fig. 3). Fragments were label- 

?P. in vitro by nick-translation. ND, not determined. 






































J- + y and pGA-5 were e isolated. These inserts 


Eco Sau Sou Sau Eco 
30 3a RI and Tragmenis generated with several. 








into the sequencing vectors. Mi: 


we and Mi3mptl** and sequence ee 
P a the chain termination method of 
Seu Pst Sau Hoe Eco 136 A ye ninasi 


3e l 30 M Ri Sanger et al.** from the sites indicated 



















nen) Thick bar, insert in each plasmid; open. 
Ta Eoi areas, derived from a-chain mRN. 
with identical sequences. The insert in, 
pGA-} was 1.45 kb. The 5° 950 bp 
oe CRC KEDERE ay ee ee a ‘ (hatched area) were deduced to- be 
. ATT TTT GCC AGC CTG TYG AGG GCA GTC ATA GCC TCC ATC TOT GTT GTA TCC AGC ATG GCT non-a in origin based on the failure ae 


Tle Phe Ala Ser Leu Leu Arg Ala Val Ile Ala Ser Ile Cys Val Val Ser Ser Met Ala 





of this fragment to detect the T-cell- 









ae new nee ee VARIABLE. renaming inta ee ee 










Lo 2000 = 30 specific 1.5-kb mRNA (Fig. 2a) and to 
CAG AAG GTA ACT CAA GCG CAG ACT GAA ATT TCT GTG GTG GAG AAG GAG GAT GTG ACC TTG GAC TOT GTO TAT GAA ACC CGT GAT ACT ACT : 
Gin Lys Vai Thr Gin Ala Gin Thr Glu Ile See Val Val Glu Lys Glu Asp Val Thr Leu Asp Cys Val Tyr Glu Thr Arg Asp Thr Thr contain an open reading frame with 

40 50 69 interpretable translation. Presumably 

e TTC CT oT c C TET TIT G T GAA AT 
AT TAC TTA TTC TCG TAC AAG CAA CCA CCA AGT GGA GAA TTO GTT TTC CTT ATT COT CGG AA TIT GAT GAG CAA AAT SAA ATA AGT the pGA-1 insert contains two different. 









Dye Tyr Leu Phe Trp Tyr Lys Gis Pro Pro Ser Gly Glu Leu Val Phe Leu Ile ArglArg 
; aa 






cDNAs which were ligated during 








ee 16 CHO 8o 30 
Gor coc TAT TCT TOG AAC TTC CAG AAA TCC ACC AGT TCC TTC AAC TTC ACC ATC ACA GCC TCA CAA GTC GTO GAC TCA GCA GTA TAC TTC cloning. Likewise, the first 100 bp of | 
Gly Aral Tyr Ser Trp Man Phe Gla bya ser. Thr Ser Ser Phe Asn Phe Thr Lie Thr Ala Ser Gin Val Yai Asp Ser Ala Val Tye Phe the 1.3- kb insert of pGA-5 (hatched 


















A od et a eee EAE E NOE aed area) could not be ascribed to an as 

i 100 nmo f 120 chain mRNA, as an initiation AUG 

OT GOT CTG GAC AGCIAGT GCT TCC AAG ATA ATC TTT GGA TCA. GGG ACC AGA CTC AGC ATC CGGICCA AAT ATC CAG AAC CCT GAC CCT GCC 
Cya Nia Leu Asp Ser|Ser Ala Ser Lys(Tle Tle Phe Gly gee Gly Thr ArgiLeu Ser Ile ArgiPro Asn Ile ain Asn Pro Asp Pro Ala codon was absent and there was a: 
i peorarensmnnene E mmm grvtereees Deana eee eee meee Gta e meena enema nee PORR i 
. termination TAA codon just prior to 
130 => 140 cHo 150 k 
AGA GAC TCT AAA TCC AGT GAC AAG TCT GTC TGC CTA TTC ACC GAT TTT GAT TCT CAA ACA AAT GTG TCA CAA AGT AAG the He ATT codon shown. Again a 
ETA SR: Ser Lys Ser Ser Asp Lys Ser Val Cys Leu Phe The Asp Phe Asp Ser Gin The Asn Val Ser Gin Ser Lys ligation between two DNAs during 


cloning is a possible explanation for 
this clone. 6, The translation: of the 








TAT ATC ACA GAC AAA ACT GTG CTA GAC ato. AGG TCT ATG GAC TTC AAG AGC AAC 
Tyr lle Thr Asp LysiThr Ya} Leu Asp Met ArgiSer Met Asp Phe LysiSer Asn S 




















200 - 
TGT GCA AAC GCC TTC AAC AAC AGC ATT ATT CCA GAA GAC ACC TTC TTC CCC AGC CCA GAA AGT TCC TOT CAT GTC AAG 
Cys Ala Asn Aim Phe Asn Asn Ser Tle [le Pro Glu Asp The Phe Phe Pro Ser Pro Glu Ser Ser Cys Asp Val Lys assumption that . the mature pro 
-o= > senn CONSTANT -4715 m=e =n goan S iteactetnaee TRANSMEMBRANE <++~-+27202--02-= A starts at the first Gln. Sequenced trypti 
GAA ACA GAT ACG AAC CTA AAC TTT CAA AAC CTG TCAIGTG AIT COG TTC COA ATC CTC CTC CTG AAA GTG GCC peptides of this a-chain are bracketed, 
Glu Thr Asp Thr Asn Leu Asn Phe Gln Asn Leu SeriVal Ie Gly Phe Arg [ie Lew Lew Leu Lys Val Ala The Cys residues presumably X ivolvé 
in disulphide loops (+, © Jand 
age to the B-chain (wr): are’in 









cn m a me ee a m seh PRASIE oy l 


eso TIT. AAT CTG CTC ATG ACG creicco ase TGG Tee AGCITGA AGATCTGCAAGACTOTAAGACAGCCTGTOCTCCCTOUCTCCTICCTICTGORTATSCOCCTCT 
Phe Asn Leu Leu Met Thr LeujArg Leu Trp Ser Seri see 


ROTECCTCTCCAAACAGAGGGAACTCTCCTACCCCCAAGGAGGTCAAAGCTOCTACCACCTCTONICC COCCOGGCAATGGCCACCAACTOGATCCTACCCCAATTTATCATTAAGATO 
TOCAN TOCAR CPE TETEE C ERATO IE TOETATE ATTUACGOCAGACGTCAACCTOCTOCAGCCTOCCCTGGCTTTOCACATTECCC 

































(CHO) Areas of the protein par ' 
to be leader, V, i, C, transmembrane, 


4 10 
SRB aoe 
a -- Br RHE 









cated, based on homologies 
immunoglobulin light and: 

chains, T-cell receptor chains, “and 
the pHDS4 protein (see text and” 
Fig. 4). 























Nae WY ae ko Fig. 4 Homology of HPB-MLT a-chain to other related proteins 
“Cans. Ig tight jn|w xo (. Portions of the predicted protein sequence of the HPB-MLT & 
os Mele S haa chain are shown aligned with that of other immunoglobulin-like: 
‘sayin P-L oc molecules i in the areas corresponding to a, three immunoglobulin 
onan MOS 6 TY nai variable framework regions; b, the J segment; ¢, the three Cys’ 
Moose a A G Njeje c- i residues of the C-region, Gaps have been introduced to achieve 

v Cons: lg hight il o- isi a al TjYt the best alignment. A, alanine; C, cysteine; D, aspartic acid; E; 
: a GA g glutamic acid; F, phenylalanine; G, glycine; H, histamine; T, 

isoleucine; K, lysine; L, leucine; M, methionine; N, asparagine; 
himan JÄR f me P, proline; Q, glutamine; R, arginine; S, serine; T, threonine: V, 
Mouse J82-3 4 Tvi valine; W, tryptophan; Y, tyrosine; * „variability too great to assign 
pia Hn ; pe a consensus amino acid. Solid lines, amino acids identical to those: 
Cons. JzIg heavy $ m KAA in the HPB-MLT a-chain; dashed lines, amino acids not identical 
_ First Cysteine : to those in the a-chain, but judged to be conservative changes 


Himan CX The sequences are: human MOLT-38, V region of the -chain o: 
























homai A ‘ the receptor from the human leukaemia MOLT-3 (ref. 21): mouse 
anne i 2B48, V region of the B-chain of the murine cytochrome ¢-specific 
Cans lg neavy CH t : 4 T-cell hybridoma 2B4 (ref. 25}; mouse pHDS4, chain of unknown 
Second Cysteine type and function identified from cDNA clones derived from the 
“Human Cot n murine D%-specific cytotoxic T-cell line C2 (ref. 37); cons. Ig light, 
Human G6} fa consensus sequence for immunoglobulin light chains (x and A. 
une sinsa ; Tke combined from all species)™"; cons. Ig heavy, consensus sequence: 








Cons. Ig light K 
Cans lg heavy CHY [Js s€ 


Third Cysteine (interchain?) 


for immunoglobulin heavy chains (all species and, in the case of 
the C-region, all isotypes)"; human JØ 1-2, second J segment ¢ of* 
5 the cluster associated with the first {5') human 8-chain C region?” 

TA Human Cx mouse J82-3, third J segment of the cluster associated with the 
z AI h second (3°) murine §-chain constant region”, human CAI, first 


“Mouse pHOS4 fe ET (5') human @-chain C region®'; murine CA], first (5') murine. 


Cans. Ig tight é 
Cone. tg heavy hinge EF yon ty B-chain constant region”, 














ion. This high degree of similarity 
e cDNAs doin fact encode receptor 
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T cell and monocyte-derived 
burst-promoting activity 
rectly act on erythroid progenitor cells 


Linch* & D. G. Nathan 


ı of Pediatric Oncology, Dana-Faber Cancer Institute, 
ney Street, Boston, Massachusetts 02115, USA 





ile the terminal stages of erythroid differentiation are regulated 
by the hormone erythropoietin, the early stages of proliferation 


_has been demonstrated that T cells** and monocytes*””” produce 
BPA. Monocytes may represent the main source of BPA and the 
or role of T cells may be to augment BPA production by 
monocytes". Irradiated bone marrow cells, which contain T cells, 
: ocytes and other BPA-producing cells, also promote BFU-E 
ny formation''. As these studies used crude BFU-E populations 
target cells, it was not possible to define which of the accessory 
] products act directly on the progenitor cell. Here we have used 
A panel of monoclonal antibodies to purify BFU-E from peripheral 
lood. We demonstrate that BPA produced by both a monocyte 
a T-cell line acts directly on the erythroid progenitor cell and 

can support colony formation by single BFU-E. 
Conditioned media containing BPA were obtained from three 
sources: Mo cells (a T-cell line)’, giant cell tumour cells (GCTC, 
“tonocytoid cell line)? and a single batch of human bone 
w conditioned medium. The three conditioned media all 
ignificant levels of BPA, the highest apparent levels being 
nthe bone marrow conditioned medium. In three experi- 
the increase in numbers of BFU-E from adherent cell- 
lepleted (Ad”), T cell-depleted, peripheral blood mononuclear 
duced by 10% Mo cell conditioned medium, GCTC 
frow conditioned medium was 113, 70 and 133%, 
‘ly. In separate experiments, all three conditioned 





= ‘Address for corréspondince: Department of Haematology, School of Medicine, University 
olle London; 98 Chenies Mews, London WCIE 6HX, UK. ` 


media exhibited maximal burst-promoting activity at a con: " 
centration of 10% (v/v). i 
These media were tested against highly purified BFU-E: 
obtained from peripheral blood. Peripheral blood mononuclear 
cells were cultured from a panel of 15 normal individuals and 
the three with the highest incidence of BFU-E in the blood were 
used for later purification procedures. Adherence cell-depleted. 
T cell-depleted mononuclear cells (Ad”E7) were prepared from 
these individuals and cells expressing differentiation antigens 
characteristic of mature T cells, B cells, monocytes, granulocytes” 
and natural killer (NK) cells were removed by immune-rosetting 
(Table 1)'*!°, The frequency of BFU-E-derived colonies. in 
cultures of the different cell fractions was determined usin 
irradiated bone marrow cells as a source of BPA. In four expe 


Table 1 Monoclonal antibodies used in the purification of BFU 





Antibody 
UCHTI* 
Leu 5t 
Leu 2at 


Specificity 


Pan T 
Pan T 
‘Suppressor’ T cells 

Leu 3at ‘Helper’ T cells 

BAIT B cells and granulocytes 

Bit B cells 

Leu Mit Monocytes, granulocytes and NK cells 

Leu M2? Some monocytes 

Leu M3+ Some monocytes 

TGI§ Granulocytes, some monocytes 

Leu 77 NK cells, some T cells 
(nen 

Peripheral blood mononuclear cells from individuals with more tha 
60 BFU-E per 10° mononuclear cells, were subjected to a rapid (30 min 
adherent cell depletion, followed by removal of cells rosetting -wit 
2-aminoethylisothiouronium bromide (AET)-treated sheep red blood 
cells. The remaining Ad`E™ cells were incubated with the panel of 
monoclonal antibodies shown for 30-min at 4 °C. These antibodies react 
with T cells, B cells, monocytes and NK cells but not with erythroid 
progenitor cells. The cells were then washed three times and incubated 
with sheep erythrocytes to which had been coupled affinity-purified | 
rabbit anti-mouse immunoglobulins (Zymed)'*. Cells binding monos 
clonal antibodies (rosette-forming cells) were then removed ona Ficoll: 
Hypaque gradient (specific gravity 1.077). In four experiments the mean: 
number of cells forming immune rosettes was 91%. Antibody sources 
were as follows: * P. C. L. Beverley’’; + Becton Dickinson: $ L. Nadler!®: 
(used only in expts 3 and 4); § P.C.L. Beverley”, 





























‘the Ad" E7 MAb” fraction (MAb, unreactive with monoclonal 
ntibody): was 11.84 5.1% (Table 2). In experiments 3 and 4 of 
Table 2, cells expressing HLA-DR antigens were isolated from 
the Ad E7MAb” fraction; the incidence of BFU-E-derived 
colonies was increased further by more than twofold. In experi- 
ments 3 and 4, the DR* progenitor-enriched cell fractions were 
‘diluted to 10 cells per ml and plated in 0.1-ml aliquots into 
~ microtitration plates; irradiated bone marrow cells were again 
added. In experiment 3, 16 of 80 wells developed a single BFU-E 
colony, as did 17 of 96 in experiment 4. The effects of the three 
conditioned media on these highly purified BFU-E are shown 
in Fig. 1. There was potent burst-promoting activity in the Mo 
cell conditioned medium and the GCTC, but only minimal 
activity in the bone marrow conditioned medium. In the absence 
of an added source of BPA, the colonies were small! (several 
- hundred cells) with poor haemoglobinization. The Mo cell con- 
ditioned medium and the GCTC increased both the size of 
3FU-E (~10,000 cells per BFU-E colony) and their haemog- 
Jobin. content, as well as the number of colonies formed. In 
“concurrent experiments using crude Ad” E™ peripheral blood 
< Jeukbcytes as targets, the bone marrow conditioned medium 
chad BPA activity comparable with that seen in the Mo cell 
“conditioned medium and the GCTC. 
‘To confirm that the Mo cell conditioned medium and GCTC 
acted directly on the progenitor cells, purified progenitor cells 
om experiment 4 were also cultured in microwells (1 cell per 
well) by the method of limiting dilution. Table 3 shows that Mo 
cell conditioned medium and GCTC were indeed able to support 
the development into colonies of BFU-E grown at these con- 
centrations, approaching one nucleated cell per well. 
“These results clearly show that the products of human T-cell 
and monocyte cell lines exert their burst-promoting activities 
irectly on the erythroid progenitor cells, but do not indicate 
whether these activities are derived from the same molecular 
pecies. It is a reasonable assumption that fresh T cells and 
monocytes also produce directly acting BPA. Established cell 
lines were used in this study to overcome the potential difficulties 
i minor cell contaminants in freshly prepared cell prepar- 
ns. 
-= Jtis of considerable interest that the batch of bone marrow 
onditioned medium used in this study, which had high levels 
‘of apparent burst-promoting activity, failed to stimulate colony 
growth by purified BFU-E and therefore must act indirectly to 
enhance progenitor cell growth in the impure BFU-E popula- 
ions. Clearly, other batches of bone marrow conditioned 
















































Table 2 Purification of BFU-E from peripheral blood 


ments, the incidence of BFU-E-derived colonies in cultures of | 
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BFU-E per 100 coix 
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Fig. 1 Effect of irradiated bone marrow cells and conditioned 
media on the growth of BFU-E from highly purified cell fractions 
a, No addition; b, irradiated bone marrow cells; c, Mo cell con 
tioned medium; d, GCTC; e, bone marrow conditioned medi 
Purified progenitors were cultured in methylcellulose in the pres. 
ence of 2 units of erythropoietin ml”! as described in Table 
Irradiated bone marrow cells were-added at 2.5 x 10* ml”? Mo ce 
conditioned medium was given by Dr D. Golde; GCTC was 
obtained from Gibco; the bone marrow conditioned medium was 
made by incubating normal low-density bone marrow ‘cells at. 
2x 10° cells mi~? in IMDM plus 10% FCS for 6 days, Conditioned © 
media were all added to a final concentration of 10% (v/v). 
Conditioned medium from another T-cell line (Jurkatt) was also 
tested in two experiments and showed no burst-promoting activit 

against these purified progenitor cells..." ~ : 





















medium may have predominantly directly acting BPA, but 
caution must be exercised when preparing burst-enhancing fai 
tors from such a heterogeneous cell source. The Mo:cell cond 
tioned medium and GCTC may also contain indire ct 

factors but this was not determined in our study, It 
to ascertain the significance of indirectly acting 
enhance BPA production, but it has been shown tha 
from aplastic anaemia patients increases leukocyte BPA produ 
tion compared with normal serum'®. The cellular origin. 
indirectly acting burst-enhancing factors such as this 
unknown. T cells are certainly one possible source lave 
shown previously that bone marrow contains three populations 
of cells which enhance BFU-E growth: T cells, monocytes and 
a third population of lymphoid cells which express Fc receptors 
for IgG''. It is unknown whether this third accessory cell popula- 















Table 3 BFU-E growth from progenitor-enriched: frac i 















No. of BFU-E per 10° cells plated 








Cell fraction Expt | Expt 2 Expt 3 Expt 4 
F/H 133.5 75 77 16 
Ad E” 717 322 282 180 
Ad" E™MAb™ 17,228 14,200 10,500 5,286 


Ad” E”™MAb”DR* — — 









The number of BFU-E per 10° cells is shown for each cell fraction. 
FE/H, Mononuclear cells prepared by Ficoll- Hypaque density separation 
from whole blood. BFU-E colonies were grown in 0.9% methylcellulose 
incIscove’s modified Dulbecco’s medium (IMDM; Gibco) with 30% 
“fetal calf serum (FCS), 0.9% deionized bovine serum albumin (BSA), 
“IM p-mercaptoethanol and 2 U ml”! crude erythropoietin (Con- 
naught Step II})*'. Irradiated bone marrow cells (3 x 10°) served as a 
‘potent source of BPA. Irradiated bone marrow cells cultured alone gave 
-ctisetono BFU-E colonies. In experiments 3 and 4, the antibody-negative 
cells (MAb™) (<3% positive) were subsequently reacted with a mono- 
clonal antibody!“ to HLA-DR” and immune rosettes formed. The cells 
“were then fractionated on isotonic Percol (pH 7.4, specific gravity 1.085), 
and the DR-positive (DR) cells in the pellet were freed of red cells by 
ammonium chloride lysis. Cells from the final two fractions were plated 
at5 10° mt) The yield of BFU-E in these experiments varied between 
24 and 45%. Some of these losses (mean 18%) could be readily ac- 
counted for by cells removed for cell counting. 



















No. 












No. of wells 
Additive plated BFU-E. 
None : 94 
SRBC . 95 
SRBC + Mo cell conditioned medium 95 
SRBC + GCTC 95 ETE 
SRBC + irradiated bone marrow 92 erar 


mamenn na are i 
The growth of BFU-E colonies from highly purified progenitor ce! 
populations, plated at a concentration approaching | ‘cell per 
depends on the addition of Mo cell conditioned medium, G 
irradiated bone marrow cells: Note that the BFU-E growth in: 
was slower than that in Petri dishes and the BFU-E attained a smaller. 
final size. The culture medium was identical to that described in Table. 
2 except that 2 x 10° washed sheep red blood cells (SRBC) were added, 
to each well as previous experiments had shown that, at very low cell 
numbers, the growth of BFU-E in microwells was very poor without _ 
some other source of ‘filler’ cells. Red cells were chosen as these are. 
inert and contain no BPA activity: for example, in experiment 4, the 
number of BFU-E growing from the progenitor-enriched fraction plated. 
at 510? mi~’ in I-ml Petri dishes was 1,200 per 10°. without any added _ 
cells or medium, 1,300 per 10° with sheep red blood cells added and 
16,600 per 10° with irradiated bone marrow cells. 




























1 produces directly or indirectly acting factors—further cells to elucidate these events. The purity of BFU-E obtains 
studies are required to address this issue. in this study is considerably greater than that describe: 

The study reported here shows that BPA produced bya T-cell _ previously'”'* and this should facilitate further understanding 
A monocyte cell line acts directly on committed erythroid of the regulation and differentiation of erythroid progenito 
genitors whereas other bone marrow-derived factors may cells. 
act indirectly; it illustrates the complexity of cell interactions This work was supported in part by grants from the NIH and 
involved in the regulation of erythropoiesis, and underlines the Dyson Foundation. D.C.L. was a Wellcome Research Fell 
the importance of using pure populations of progenitor and was in receipt of a MRC Travelling Fellowship. 
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Variant (6 ; 15) translocation in a murine 

Pear eae Chromosome 6 

_ plasmacytoma occurs ak 
near an immunoglobulin ies: 

k gene but far from the myc oncogene 
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‘ ABPC 4 ; ; ae 
Elizabeth Webb, Jerry M. Adams & Suzanne Cory g 3 ee e 
: fed x E 
; The Walter and Eliza Hall Institute of Medical Research, Post Office, ve i x 
Royal Melbourne Hospital, Victoria 3050, Australia 9 a E : F 
= a oa 
i ee | 
romosome translocations in B-lymphoid tumours are providing á am E 
riguing insights and puzzles regarding the role of g 8 i EFF: : 
ünoglobulin genes in the activation of the myc oncogene z l ara 100bp 
viewed in refs 1, 2). The 15 ; 12 translocations found in most Chromosome 15 5 SSS 
murine plasmacytomas and the analogous 8 ; 14 translocation in rotg Ik g 3 F F 3 -3 a 355 
i Burkitt’s lymphomas involve scissions of murine chromo- a EGE z F 3528 aR 3 ! g a 


a x Ž XDN i : 
“Some 15 (human chromosome 8) near the 5’ end of the c-myc gene ee ee ee cen ae eee Oe Ol ST 


and subsequent fusion near an immunoglobulin heavy-chain gene. i : Bae, 
_ The less well characterized ‘variant’ translocations found in about Fig. I Restriction endonuclease maps of the germ-line Jen Gy 
S% of such tumours also involve the m ¢-bearing chromosome ieee, the ARECA C, gene linked to a chromosome 15 region and 
E e y g ; the corresponding unrearranged chromosome 15 region. The C; 
and, but exchange occurs with a chromosome bearing an locus is depicted by a filled bar and chromosome 15 sequences by 
mmunogiobulin light-chain locus—in mice, the «-chain locus 


MMUNORIODU an open bar, Vertical arrows in the J.-C, intron mark points: of 2 
bearing chromosome 6 (refs 3-5) and, in man, chromosome 2 (or recombination in ABPC4 and in three other plasmacytomas (see 


22), at the same band at which the x (or A) locus lies (reviewed text). E denotes the x enhancer and A marks the region used as. 
in ref. 1). The Burkitt variant translocations involve scissions 3’ a probe. On the expanded maps, arrows denote the direction and. 
of c-myc". one 8 522 translocation placed the C, locus just 3’ extent of sequencing (see Fig. 3). The hatched box indicates the. 
of c-myc’®, but usually the chromosome 8 breakpoint is a greater, C, exon. f ; Ei 
but unknown, distance away from c-myc, more than 20 kilobases Methods: ABPC4 was induced in a BALB/c mouse by pristang : 
kb) in one 8:2 iranslocation involving the C ene, Ei ttle is and infection with Abelson murine leukaemia virus, which acceler- 
Q NA if ‘ 3 f xB E ates plasmacytoma formation". Southern blots of ABPC4 DNA © 
nown about the murine 6 ; 15 translocations, although a C, gene with a C, probe revealed two rearranged EcoRI fragments (14.5. 
loned from one plasmacytoma (PC7183) is linked, via chromo- 


and 16.9 kb). Fragments of those sizes, enriched on glycerol.” 
me 12 sequences, to an unidentified region of chromosome 15 gradients, were cloned in phage vector Charon 4A. The 14.5-kb 


(ref. 11). We describe here the chromosome fusion region from fragment (not shown) presumably bears the active VAC, gene in 
‘plasmacytoma ABPC4, which displays the typical reciprocal 6 ; 15 this x-expressing tumour, as its rearrangement proved to be within. 
translocations®. We find that the chromosome 6 breakpoint is near the J, region, in contrast to the intron rearrangement in the 16,9:kb° 
‘C, but, unlike those in the heavy-chain locus, not at a position fragment, the 5’ portion of which is shown above. When the DNA 
__ where immunoglobulin genes normally recombine. Moreover, the rearranged to the J-C, intron proved to originate from chromo- 
ii 3 A : K some 15 (see text), probe A from the chromosome 15 portion was 
: chromosome 15 Sequences involved in the ABPC4 translocation used to isolate the corresponding region of unrearranged chromò-: 
are not derived from the vicinity of Emen some 15 DNA from a library of BALB/c embryonic DNA frag- 
ecause the chromosome 15 breakpoint in a 15:6 transloca- ments made by partial EcoRI digestion. 
tion is cytogenetically indistinguishable from that in a 15; 12 us 
anslocation’~°, we initially expected to find a rearranged c-myc the «-chain joining (J,) locus, presumably reflecting con-. 
gene in ABPC4. However, Southern blot hybridization revealed ventional V,-J, recombination. On the other allele, however, 
no alteration within the 20.5-kilobase (kb) EcoRI fragment rearrangement occurred within the J,-C, intron (Fig. 1), The: 
bé ring c-myc in ABPC4, nor in several other lines with a 15:6 incoming DNA was shown to be derived from chromosome 15 
tion (refs 5, 12 and our unpublished results). Pursuing by hybridizing probe A in Fig. 1 to DNA from a panel of | 
othesis that the 15; 6 translocation generates breaks near mouse-hamster hybrid lines'*"'> used previously, in collaboro; 
we cloned both rearranged C, alleles from this K-expressing ation with Dr Uta Francke, to assign c-myc to chromosome 15- 
_ tumour. The rearrangement on one allele proved to be within (ref. 15). The probe hybridized to DNA of the same lines asac 
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myc probe 


Fig. 2 Blot hybridization data from mouse-hamster cell lines 
showing that DNA fused to the C, locus in ABPC4 is derived 
from chromosome 15. The Southern blots show hybridization with 
a probe derived from the incoming DNA (A in Fig. 1) and a c-myc 
©. probe to DNA from BALB/c mouse embryos (M), hamster liver 
(Ha) and six mouse-hamster cell lines selected to be informative 
for chromosome 15'*"'5. The sizes of the hybridizing mouse frag- 
ments are in kilobases. The cell lines, the full karyotype of which 
was determined by Francke and colleagues'*’* and provided in 
Table I of ref. 15, were as follows: a, 1-18A HAT; b, 1-18A-2a-8AG; 
c EBS 58; d, EBS 11; e, EBS 4; and f. 1-13A-la-BAG. Mouse 
chromosome 6 is present in good yield in the DNA in lanes a and 
J, low in b and c and absent in lanes d and e (ref, 15); hence, the 
< tesults in lanes a, d and e and probably c are inconsistent with 
derivation of probe A sequences from chromosome 6. 



























-¢-myc probe (Fig. 2). The complement of mouse chromosomes 
‘in these lines, specified in Table | of ref. 15, eliminates derivation 
of probe A sequences from any mouse chromosome except 15. 
‘Ip particular, results with at least three lines are inconsistent 
ith its being chromosome 6 (see legend to Fig. 2). We conclude 
‘that the ABPC4 clone in Fig. 1 bears the 15; 6 fusion region. 
The x locus has previously been assigned to chromosome 6 
(ref. 16), but has been localized only by genetic linkage data”. 
“As cytogenetic studies™* place the chromosome 6 breakpoint 
at band C2, our evidence that C, lies at the breakpoint maps 
the « locus to that band, placing « about 0.4 of the distance 
from the centromeric end to the distal end of the chromosome, 
in good agreement with the linkage map”. 
To analyse the nature of the recombining sequences, we 
determined sequences across the 15;6 fusion point in ABPC4 
and across a corresponding region of unrearranged chromosome 
5 DNA cloned from embryos (Fig. 1, bottom). Figure 3 com- 
ares these sequences with that in the J.-C, intron'®, Recombi- 
ation occurred 1.85 kb 5’ to C,, that is, 665 base pairs (bp) 3’ 
o the nearest J, gene. Like the 15; 12 translocation'””’, this 
exchange clearly represents nonhomologous recombination, as 
the chromosome 15 sequence is not related to the J,-C, 
“sequence, except for an AT at the recombination point in both. 
:No repeated sequence elements seem to be involved, as the 
“region around the chromosome 15 (and 6) breakpoints behave 
as unique sequences in hybridization experiments (Fig. 2 and 
Other blots not shown). Significantly, the heptamer and nanomer 
“signal sequences’ required for V.-J, fusion. (reviewed in refs 
“22, 23) do not occur in the chromosome 15 region sequenced, 
nor in this portion of the J,-C, intron—the heptamer at which 
oa Ve gene aberrantly recombined in MPC-11 (ref. 24) lies 440 bp 
3' to the ABPC4 breakpoint (Fig. 1, top). Because V,-J, rec- 
ombination always seems to occur within a few base pairs of 
the heptamer signal, it seems unlikely that V-J joining enzymes 
_eatalysed this 6 ; 15 translocation or the two best-characterized 

























AS —_-ARAAGCAACCTAGGCTCTGGTCTGGTTTATGGAGACACTCTGTTTTGGCCT CCGCTCATTGCAATGACAAATTATTATCCTTG&CTT: 


& POTOCTCOTAAGTITTTTATCACTACARAAATCAGTAGTATOTCCTGAAATAATCATTAA GCTOTTTGAAAGTATCGACTGCTTGCCATOTAGATACCATGGCTTI 








oints 5' to the J, (ref. 10) and ions. Thus, wherea 
the immunoglobulin switch recombination machinery may we 
participate in the 15; 12 translocation, particularly. in tHe 
chromosome 12 scissions?', there is no indication. that : 
immunoglobulin rearrangement enzymes are involved in 
variant translocations, US 
The APBC4 translocation differs in several respects from th 
bizarre product involving sequences from chromosomes 15,12 
and 6 found in plasmacytoma PC7183 (ref. 11). While both 
involve a chromosome 6 breakpoint within the J.-C, intron, 
that in PC7183 is several hundred base pairs closer to C, (Fig. 
1, top). More importantly, the cloned chromosome 15 region. 
involved in the PC7183 translocation” (kindly provided by Drs < 
M. Weigert and M. Shapiro) is not related to the 17-kb segment 
of chromosome 15 described here (Fig. 1, bottom), as their- 
restriction maps differ and the PC7183 probe did not hybridize 
to the clones in Fig. 1. Thus, variant translocations can involve a 
different chromosome 15 breakpoints. The most dramatic differ- i 
ence between the ABPC4 and PC7183 translocations, however, 
is that whereas sequences from chromosomes 15 and 6 directly |: 
abut in ABPC4 (Fig. 3), in PC7183 they are separated by 1 kb: 
of the immunoglobulin heavy-chain locus (S, region)! from 
chromosome 12. Thus, PC7183 must have undergone multiple 
recombination events, whereas ABPC4 represents a simple o 
exchange. From the cytogenetics of tumours like ABPC4**, one 
would expect a reciprocal translocation product in ABPC4, and 
indeed we have detected such a product, which will be described 
elsewhere. oe 

The region 5’ to the C, gene seems to be prone to aberra 
recombination events. An atypical translocation linking Ce 
chromosome 10 has been described in plasmacytoma NS-1 (ref 
25) and its breakpoint lies only 180 bp from that in PC7183 
(Fig. 1, top). In another plasmacytoma, an intercisternal A- 
particle element has become inserted ~0.1 kb 5’ to the ABPC4 
breakpoint”®, while two others have deletions across Ce which: 
end within the J,-C, intron”. These findings suggest that the 
J.-C, region is a recombinational ‘hot spot’ in B lymphocytes. 
This propensity might be related to its involvement in Vide 
assembly, to the constitutive C, expression in B cells”? and/or © 
to the nuclease hypersensitivity”? associated with the. 
enhancer region (see below). 

The c-myc gene is transcribed in ABPC4 at levels comparable- 
to that in other plasmacytomas (refs 5, 12 and our unpublished: 
results). As only the c-myc allele involved in a translocation iso 
active in most lymphoid tumours®’?°**”*, it seems very likely 
that the 15:6 translocation has induced myc expression ins 
ABPC4. Hence, it is intriguing that the ABPC4 breakpoint iso 
not near the myc gene. Comparison of the 17-kb segment of 
chromosome 15 defined in Fig. 1 (bottom) with clones spanning: 
20.5 kb of the c-myc locus’? places the ABPC4 breakpoint more 
than 20kb from the c-myc promoters, and other clones (our. 
unpublished results) place it more than 50 kb away, depending 
on whether it lies 5’ or 3’ of c-myc. In striking contrast, the vast 
majority of 15; 12 translocations break the c-myc transcriptional: 
unit!®. This marked difference may mean that the 15;12 and 
15:6 translocations activate myc by different mechanisms. 

Translocation to C, would be favoured in a B lymphocyte if 
the C, region induces expression of an incoming gene, asit 
does for the V, gene”. Induction of V, transcription requires 
proximity to the enhancer (E in Fig. 1) located 0.6 kb. Sto Cy. 






























































































“oth AAAAGCAACCTAGGCTCTGGTCTGGTTTATGGAGACACTCTGTTTTGGCCTCCGCT CATTGCAATGACAAATTATTATCCTTGGCTT: CAGGETAAAATTTTCTCAGAGTTACGGATACGAGAAGTTCAAGGACAAAGTATTAACAGT 


t : 
TAAA TOGCTI GOTGAATAATCAGAAGAGGTGTGACTCTIATTCTAAAATTTGTC 
{mennan enea aiaa: 


GCTOAATAATCACAACAGGTOTCACTCTTATTOTAAAATTTGTC. `: 


Fig. 3 Sequences involved in the 6; 15 translocation in ABPC4. Chromosome 6 sequences are given in italics and chromosome 15 in standards = 

typeface. Due to the AT on both chromosomes at the recombination point, cross-over could have occurred between any of three residues, as 

indicated. The chromosome 15-G residue marked with an asterisk has been converted to an A residue in ABCP4, presumably as a consequence 

of the translocation, but no other alterations were found from the germ-line chromosome 15 or chromosome 6 sequerice. 

Methods: Detailed restriction maps near the junction (Fig. 1) localized the recombination points, and appropriate fragments were inserted 
into the single-stranded phage vector Mi3mp10 or Mi3mp11 (ref. 39). Sequences were determined by the dideoxynucleotide method. | 
















e distance involved. Neverthelgss, the C, locus might 
¢ long-range effects along the translocated chromosome 
in cis) by perturbation of the chromatin suprastructure. Alterna- 
tively, the variant translocation might induce myc expression in 
trans through an effect on a gene regulating myc expression. 
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_ The effects of steroid hormones are mediated by intracellular 
. hormone-specific receptor proteins; the interaction between the 
. hormone and its receptor increases the affinity of the receptor for 
nuclear binding sites, thereby modulating the expression of specific 
genes’. The glucocorticoid receptor is a soluble protein of relative 
_ molecular. mass (M,) 94,000 (94K), present at a low relative 
- abundance (<0.01%); it has been purified to near-homogeneity””, 
_ and specific antisera and monoclonal antibodies have been pro- 
_ duced**. Purified glucocorticoid receptor binds in vitro with high 
affinity to defined regions of DNA near regulated promoters’~'°, 
‘and sequences essential for these interactions are functional in 
vive as hormone-dependent transcriptional enhancer elements!''2, 
We have now cloned complementary DNA (cDNA) for the rat 
_ liver glucocorticoid receptor and we describe here a 2.6-kilobase 
“ (kb) receptor cDNA isolated following polysome immuno-enrich- 
ment of receptor messenger. RNA with glucocorticoid receptor- 
__ Specific antibodies. The receptor appears to be encoded by a 
_ single-copy gene which specifies a ~6-kb transcript in rat and 
‘mouse cells; this mRNA is altered quantitatively and qualitatively 
in several mutant cell lines with specific defects in receptor 
- function. 
__ Polysomes and RNA were isolated from J2.17 cells, a mam- 
_-Mary tumour virus (MTV) infected derivative of the rat 
_ hepatoma HTC line". Figure 1 compares in vitro translation 
products either from total 32.17 poly(A)* RNA (lane 2) or from 
ceptor mRNA-enriched preparation (lane 3); in general, the 
thionine-labelled proteins obtained from the two reac- 
ẹ similar, although several species are more strongly 
d in lane 3. Three proteins specified by the enriched RNA 
Were immunoprecipitated by receptor-specific monoclonal anti- 
‘body (lanes 4, 5); two of these (the 94K and 79K species) were 








































































readily observed among the total proteins synthesized fromthe | 
enriched mRNA, while the third, a 91K. protein, was detected 
only after precipitation. We were encouraged by this finding, 
because purified preparations of the 94K ; rat liver glucocorticoid i 
receptor often contain two discrete proteolytic degradation: 
products which migrate as minor 91K protein and a more. 
abundant 79K species’. ' 
We calculated that 2% of the in vitro translation product from 
the immunologically purified RNA was receptor protein, and 
assumed that receptor mRNA was present at comparably high 
levels in that RNA preparation. Therefore, we constructed á 
cDNA library’, beginning with 0.4 wg of enriched mRNA: 540 
transformed bacterial colonies were screened by differential 
hybridization with labelled cDNA probes from enriched and 
unenriched RNA. Six independent clones were identified and 
shown to contain inserts of between 0.9 and 3.5 kb; all ofthe 
inserts cross-hybridize, and restriction mapping suggests that 
they represent overlapping clones from a single transcription 
unit (R.M. ef al., manuscript in preparation). In this study, we 
used a plasmid with a 2.6-kb insert (PRM16), shown by DN. 
sequencing to contain a segment of open reading frame and a 
putative poly(A)-addition signal (AATAAA) upstream. of -ar 
80-nucleotide poly(A) tract (S. Rusconi, unpublished. data). 
Northern hybridizations revealed a ~6-kb transcript 
homologous to the pRMI6 insert (see below) that had ‘been 
selectively enriched =200-fold by polysome immunoadsorption, 
corresponding closely with predictions based on the relative 
abundance of receptor translated from total poly(A) RNA 
(<0.01% ) and from enriched RNA (2%). Be 
Hybrid-selected translation'® was used to confirm that pRMI6. 
contains sequences complementary to receptor mRNA. 
Enriched RNA was hybridized with pRMI6, and as a control, 
with a B-tubulin cDNA plasmid, which were immobilized on 
separate nitrocellulose filters; RNA recovered from each filter 
was then translated in vitro. pRM16-selected mRNA yields trans- 
lation products indistinguishable from intact receptor and its 
two apparent degradation products (Fig. 2); a comparison of- 
lanes | and 3 of Fig. 2 reveals that the hybrid-selection reaction. 
gave an overall recovery of about 10% of the intact receptore. 
coding RNA initially added, as expected for this procedure'®. 
The labelled pRM t6 insert was used to probe Southern blots. 
of genomic DNA from cultured rat cell lines of liver (J2.17) or 
fibroblast (XC) origin. Figure 3 shows that DNA from these 
two cell types yielded identical hybridization patterns: after. 
digestion with BamHI (lanes 1, 4), EcoRI (lanes 2, 5) or Hindi 
(lanes 3, 6). Moreover, only two fragments were observed in =: 
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Fig. 2 Hybrid-selection of receptor RNA. Enriched RNA from 
~5 x 10* cells was hybridized to filters containing 10 pg of immobil- 
ized DNA from either a chicken §-tubulin cDNA plasmid (lane 
2) or pRM16 (lane 3); these two lanes show immunoprecipitated 
in vitro translation products of the eluted RNA. The small amount 
of receptor detected in lane 2 probably reflects background 
hybridization due to relaxed stringency washes used in this hybrid- 
selection procedure’. Lane 1, immunoprecipitated in vitro transla- 
tion products of enriched RNA (~5 x 10° cell equivalents) that 
was not subjected to hybrid-selection. Markers and gel electro- 































































Fig. 1 Immunoprecipitation of *°S-methionine-labelled receptor 
translated in vitro. Total translation products were from reactions 
programmed with no RNA (lane 1), | wg total poly(A)” RNA 
(lane 2), or ~0.3 ug receptor-enriched RNA (lanes 3, 4) pre- 
parations. Products in lane 4 were immunoprecipitated with recep- 
tor-specific monoclonal antibody; lane 5, sixfold longer exposure 
-of lane 4. No labelled proteins were recovered in a parallel precipi- 
tation with control ascites, or after precipitation of total poly(A)* 
RNA translation products with receptor antibodies (data not 
shown). Relative molecular mass standards (x107*), top to bottom: 
B-galactosidase, phosphorylase 6, conalbumin and ovalbumin. 
“Electrophoresis was in a 7% SDS-polyacrylamide gel; lanes | and 
“ 2 received 5% of the respective reaction products; lane 3, 15%; 
“lane 4,85%. 
Methods: Polysome immunoadsorption was carried out essentially 
as described elsewhere???’ ; 2 x 10° J2.17 cells yielded about 1,000 
Aso units of polysomes. A 1:1 mixture of a receptor-specific 
antiserum* and a monoclonal antibody (IgG2a, no. 7; ref. 6) was 
purified with protein A-Sepharose to remove ribonucleases; 7 mg 
of the antibodies was incubated for 1-2 h at 4°C with 1,000 A260 
units of polysomes in 30 ml of polysome buffer (25 mM Tris, pH 
4.5, 5mM MgCl, 0.1% Nonidet P-40, 150mM NaCl, | pg ml” 
“‘Trichodermin (Leo) and 0.5 mg ml”! heparin), then passed twice 
through a 5-ml protein A-Sepharose column. The column was 
washed overnight with 200 ml polysome buffer followed by RNA 
elution with 20m! of 25mM Tris, pH 7.5, 20mM EDTA, 
‘0.5 mg ml”! heparin; poly(A)* RNA was subsequently purified by 
oligo(dT)-cellulose chromatography, then ethanol precipitated in 
the presence of 10 pg ml”! bovine liver tRNA and 2 M ammonium 
acetate. About 2 pg of enriched RNA was recovered, as estimated 
from in vitro transition of known amounts of J2.17 total poly(A)* 
- RNA. Reaction conditions for in vitro translation were exactly as 
described by the suppliers (Bethesda Research Laboratories or 
Promega Biotec) using 100 pCi *°S-methionine (NEN 1,000 Ci m- 
mol™') in 50 yl final volume. Immunoprecipitations*’’ were done 
using monoclonal antibody IgG2a, no. 7 (ref. 6); control precipita- 
tions (not shown) used ascites fluid from mice injected with Sp2/0 
myeloma cells, the parent line used in the hybridoma fusions“. 


each digest, consistent with the notion that the receptor is 
encoded by a single-copy gene. 

An extensive series of mouse lymphoma cell mutants have 
been isolated which fail to respond to glucocorticoids and carry 
certain. distinct receptor defects: (1) receptor-deficient (r) 
jutants lack steroid-binding activity, (2) nuclear-transfer 
deficient (nt™) lines produce a 94K M, hormone-binding protein 
that interacts with reduced affinity with both nonspecific!”"* 
- and specific’? DNA sequences; (3) increased nuclear-transfer 
-(nt') mutants contain a hormone-binding species 40K M, that 
lacks a major antigenic determinant’’, associates with non- 
specific DNA with increased affinity'’ and binds specific DNA 
“sequences with reduced affinity?'. To determine whether the 
-receptor alterations reflect lesions detectable at the RNA level, 
“receptor transcripts from several such cell lines were compared 
by blot hybridization. These included two wild-type mouse 
lymphoma cell lines, WEHI7 (ref. 22) and S49.1 (ref. 14); the 


phoresis conditions were as in Fig. 1. 





Fig. 3. Complexity of receptor sequences in genomic DNA from 
liver and fibroblast-derived rat cell lines. a, BamHI (B), EcoRI 
(R) and Hindili (H) restriction sites within the 2.6-kb pRM16... 
inserts. Strand-specific CRNA probes used in Northern blot. analysis 
(see Fig. 4) revealed that transcription proceeds from left to right. 

b, Southern blot using 20 ug of HTC (lanes 1-3) or XC (lanes. 4-6) 
DNA was digested with BamHI (lanes 1, 4), EcoRI (lanes 2, 5) 
or Hindili (lanes 3, 6), electrophoresed on a 1% agarose gel, 
transferred to nitrocellulose, and probed with pRMI6 using 

hybridization and wash conditions as previously described”. 


mutant lines, all derived from the latter parent, included-an nt” 
mutant, two nt' derivatives, and one r line. In addition, a rat 
HTC cell-derived r` mutant, MSN5.3 (ref. 23), was tested. 
Figure 4 shows a Northern blot in which equal amounts. of: 
total RNA from these cell lines were hybridized with pRMI6 
probe; interestingly, the probe detects rat and mouse sequences 
with apparently equal efficiency. In every case, a transcript-of - 
~6 kb is observed, but the relative abundance of this transcript 
differs over a severalfold range among these cell lines; the same 
relative quantitative differences were seen in three independent 
RNA preparations. Thus, WEH!7 contains two- to threefold 
more receptor RNA than $49.1 (lanes 3, 4), while the transcript — 
in the nt” mutant is indistinguishable from that in its parent 
(lanes 8, 4). In contrast, the nt' lines accumulate only about half 
as much of the 6-kb transcript as is found in the parent (lanes < 
4-6); similarly, the amount of the 6-kb transcript is reduced 
severalfold in both the mouse lymphoma r` line and the rat 





Northern blot analysis of receptor RNA in wild-type and 

ceptor mutant cell lines. Lanes 1-9 contain 20 wg of total RNA 

i rat HTC-derived (lanes 1, 2, 9) or mouse lymphoma (lanes 

zell The filter was hybridized with either nick-translated 

{lane 1) or pRM16 cRNA probe produced by SP6 

ase’? (lanes 2-9), Cell lines and receptor phenotypes: 

, wild type (wt) (lanes 1, 2); WEH17, wt (lane 3); $49.1, wt 

(lane 4); $49.55R, nt’ (lane 5); $49.143R, nt’ (lane 6); S49.7R, r” 

ne 7); $49.22R, nt” (lane 8); and MSNS.3, r” (lane 9). Equivalent 

unts of RNA were loaded in each lane, as assessed by hybridi- 

zation with B-actin cDNA (not shown). The MTV transcripts (7.8 

and 3.6 kb) and rRNAs (4.0.and 2.0 kb) were used as M, to infer 

he sizes of the receptor transcripts; electrophoresis was in a 0.9% 
; : agarose-formaldehyde gel. 


mutant relative to their respective parent lines 
and 4and lanes 9 and 2). In addition to these quantitative 
ces, both nt' mutants contain an additional receptor 
inscript' which migrates with an apparent size of ~5 kb and 
is present in these mutants at about the same relative abundance 
as the 6-kb transcript (lanes 5, 6). Southern blots of genomic 
\s from these wild-type and mutant cells were indistinguish- 
rhen: monitored by pRMI6 hybridization to EcoRI and 
H restriction fragments (data not shown), suggesting that 
Me mutant phenotypes do not reflect gross DNA rearrangements 
r deletions. 
} Westphal et al. have recently analysed receptor protein in 
a variety of mouse lymphoma cells (including four studied here) 
using a combination of hormone binding and immunoreactivity 
” Measurements. They conclude that WEH!7 produces relatively 
high levels of receptor from both chromosomal homologues, 
whereas S49, which appears to be functionally hemizygous””*, 
produces active receptor from one homologue while the other 
allelé encodes a 94K protein that is immunoreactive but fails 
to bind steroid. Similarly, r` mutants which lack hormone- 
binding activity nevertheless produce 20-50% as much 94K 
immunoreactive material as the wild-type parent. Our qualitative 
id quantitative characterizations of receptor transcripts corre- 
late directly with those studies. Thus, we Suggest that the 6-kb 
RNA present at reduced levels in r` and nt' mutants may encode 
the nonfunctional 94K protein, and that the 40K nt receptor 
lay be encoded ‘bythe nt'-specific 5-kb transcript. Finally, 
eceptor mRNA in the nt” mutant does not differ detectably 
om wild type, consistent with the bulk physical properties of 
utant protein's, 


ptional regulatory protein 

ctivity is controlled by a defined physiologically impor- 

nd. Moreover, the specific genomic sites of action have 
ermined atthe nucleotide level for this protein'*, and 
its binding at these sites shown to regulate the novel process of 





transcriptional enhancement''*?’. The elucidation of receptor 


gene organization and expression in wild-type and mutant cells” 
will provide valuable information for studies on the mechanisms 
by which receptor regulates gene expression. eae 
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Metallothioneins (MTs), small cysteine-rich proteins, bind to and 
are inducible by heavy metals such as zinc, cadmium and copper. 
Recent gene-transfer and mutagenesis experiments have elucidated: 
cis-acting DNA sequences involved in this form of regulation’, 
but nothing is known about the trans-acting factors that interact 
with the control sequences or how such interactions influence the 
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e report here the detection of cellular 
‘actors involved: in the cadmium induction of the mouse MT-I 
gene by an in vivo competition assay. We show that at least one 
<class of these ‘cellular factors acts by a positive regulatory 
mechanism depending on the same region of the 5’ flanking DNA 
required for maximal transcription. 
“An Escherichia coli, lac operator DNA at high copy number 
‘results in titration of lac repressor and constitutive transcription 
of. the operon’. We have applied the same principle to 
mammalian cells, namely that if a regulatory factor is present 
in. limited amounts it should be possible to titrate it by 
introducing sufficient control-sequence DNA into the cells. By 
determining whether competition leads to a decrease or increase 
transcription, one can distinguish between positive regulation 
by. an-activator factor and negative regulation by a repressor. 
Furthermore, by varying the structure of the competitor DNA, 
it is possible to localize the interacting DNA sequences and to 
etermine whether different genes are regulated by common or 
distinct factors. A similar approach has been used’ to detect 
cellular: factors that interact with molecules containing viral 
enhancer sequences. 

Cultured monkey kidney cells were transfected with a calcium 
phosphate co-precipitate of three different simian virus 40 
($V40)-based plasmid DNAs: (1) The indicator plasmid con- 
$a mouse MT-I-E. coli chloramphenicol acetyltransferase 
MT-CAT) fusion gene in which MT regulatory sequences 
drive the expression of bacterial enzyme coding sequences. This 
plasmid i is used to monitor MT gene transcription determined 
CAT enzyme measurements’. (2) The competitor plasmid, 
ich is used to titrate out the cellular regulatory factors, also 
tains MT regulatory sequences, but these are not fused to 
the CAT gene. In most experiments we used MT-gal fusions 
‘so that the transcriptional activity of the competitor DNA could 
be measured in an independent transfection experiment’. (3) 
The carrier plasmid, used to keep the total DNA concentration 
constant in each precipitation mixture, is identical to the com- 
petitor plasmid except that it lacks all of the MT regulatory 
‘sequences. 

llowing transfection, cells were incubated with or without 
admium, extracts prepared and CAT enzyme activities 
asured to determine the transcription levels of the indicator 
asmid. Because all of the plasmids contain the origin of SV40 
JNA replication (provided by an SV40-guanine phos- 
ribosyl transferase fusion gene in the indicator plasmid), 
nd because SV40 large T antigen is provided by the competitor 
nd carrier plasmids, these plasmids are capable of replicating 
in the transfected cells. From Southern blot analyses, we esti- 
‘mated intracellular copy numbers of 7x10* molecules of 
indicator DNA and 1.3 x 10° molecules of competitor plus car- 
er DNA per cell in these conditions (ref. 6, and data not 
shown). The plasmids also contain functional $V40 early and 
ate promoters so that each assay includes a high concentration 
of SV40 control sequences (not regulated by heavy metals) as 
-well as the inducible MT regulatory elements. This strategy was 
adapted to avoid artefacts caused by nonspecific competition 
for genéral transcription factors. 
The predicted results of this experiment are shown in Fig. 1b. 
f transcription were negatively controlled by a limiting còm- 
ponent, we would expect the competing DNA to titrate out the 
repressor molecule. Consequently, the basal level of transcrip- 
ñ would increase while the induced level would remain con- 
ant. In contrast, if the gene were positively controlled by a 
miting component, we would expect the competitor DNA to 
titrate out the activator molecule, resulting in a decrease in 
transcription in the presence of cadmium. Figure 2 shows the 
‘results’of an actual competition experiment in which the 
indicator. and competitor plasmids contained the same 2,000 
base pairs (bp) of MT 5’-flanking sequences. The addition of 
increasing amounts of competitor DNA led to a sequential 
-decrease in the expression of the indicator plasmid in the pres- 
ence of cadmium but had little effect on the basal expression 
levels. This is consistent with titration of positively acting cellular 
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Fig. 1 Design and predicted results of the competition experi- 
ment. a, Cells were transfected with a mixture of indicator, com- 
petitor and carrier plasmids and incubated in the presence or e. 
absence of cadmium. Transcription from the MT promoter inthe 
indicator plasmid was monitored by CAT enzyme measurements. 
Solid lines and bars indicate MT sequences, hollow bars indicate 
E. coli CAT and gal sequences, thin lines indicate $V40' sequences, 
and dotted lines indicate plasmid sequences. b, Predicted effects J 
of adding increasing amounts of competitor plasmid. on the, 
expression of the CAT indicator plasmid. Positively regulated 
transcription would produce a decrease in the level of cadmiu 
induced expression (left panel), whereas negatively regulated tra: 
scription would produce an increase in the level of basal expressior| 
(right panel). 
Methods: The indicator plasmid, MT-CAT, is a derivative of 
plasmid pSV2-cat (ref. 5) and contains: (1) 2,000 bp 5’ flanking 
sequences and 68 bp 5‘ untranslated sequences from the mouse} 
MT-I gene*”, inserted into the unique HindIII site of the vector 
through EcoRI~HindIll and BamHI- HindiHN adaptors, (2) the, 
coding sequences for E. coli CAT followed by a fragment of SV40" 
DNA containing RNA splicing and polyadenylation sites; {3) an 
SVgpt transcription unit including the SV40 origin of DNA replica- 
tion and early region promoter followed by the coding sequences 
for E. coli guanine phosphoribosy! transferase and SV40 splicing 
and polyadenylation sequences", inserted at the BamHI site of 
the vector; (4) E coli plasmid pBR322 sequences including the 
origin of DNA replication and ampicillin resistance gene. The 
competitor plasmid, MT-gal, has been described previously!" 

The carrier plasmid, previously designated as Agall (ref. 1), is: ., 
identical to the competitor plasmid except that the mouse “MT-I 
5’ flanking and 8’ untranslated sequences have been deleted and 
replaced with a Clal linker. Plasmids were constructed, character+ 

ized and propagated by standard methods''. 


factors (Fig. 16, left panel). Quantitation of the CAT assays 
showed that the induction ratio for the indicator plasmid fell 
from 30-fold to 7-fold as the ratio of competitor to indicator 
plasmid was increased from 0 to 10. Moreover, a plot of the 
fraction of CAT activity remaining versus the ratio of competitor 
to competitor-plus-indicator DNA generated close to.a straight 
line with a slope of —}. This is to be expected if the cellular 
factors interact with the indicator and competitor plasmids with | 
the same affinity. These results were reproducible in 
experiments {a = 20-30% ). 

To determine whether the titratable factors are specific for 
MT gene expression, we repeated the competition experiment 
using an a-globin- MT hybrid promoter that is efficiently tran 
scribed but uses globin rather than MT upstream regulato: 
sequences (Fig. 3). This hybrid promoter contains MT geng 
sequences between positions —34 and +68 fused to upstream 
human a-globin gene sequences between positions —409 and 
-55 (Fig. 4). The MT portion of this construct includes the 
conserved ‘TATA’ sequence and the transcription initiation 
site—both thought to act as sites for interaction with genera! 
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Fig.2 Transcription is positively regulated, Cells were transfected 
ith Sug MT-CAT indicator plasmid, 0-50 pg MT-gal com- 
etitor plasmid. and sufficient carrier plasmid to give a total of 

105 yg. The cells were incubated in the presence (@) or absence 

(©) of cadmium and CAT enzyme levels were determined. a, 
lative CAT values as a function of the concentration of com- 

tor plasmid; b, the same data as a function of the ratio of 
petitor to competitor. plus indicator DNA. The relative CAT 
ratio of CAT activity in the experimental extract to 
ity in the extract from cells transfected without com- 

petitor DNA and induced with cadmium. 

Methods: African green monkey kidney cells, line CV1, were seeded 

into. 100-mm culture dishes and grown in Dulbecco's minimum 

essential medium with 10 % fetal calf serum to Ral cells per 


ation maixtuee cocaine 10 wg indicator plasmid ana 
ompetitor plus carrier plasmid. Plasmid DNAs (10- 


intaining 0.274 M NaCl, 0.01 M:KCI, 0.003 M Na, HPO,: 7H; 20, 
0.012 M dextrose, 0,042 M HEPES, pH adjusted to 7.1 with 
10M NaOH. The- precipitate’ was’ formed by adding 1 ml 

25M CaCl; ‘dropwise to the DNA/HBS solution with gentle 


lu ion gave finer precipitates and higher transfection efficiencies 
than the earlier method. It was also important to purify the plasmid 
DNA by two centrifugations in CsCl-ethidium bromide gradients. 
< Duplicate plates of cells were incubated with | ml of DNA precipi- 
fate ‘for 4h, shocked for 3min at 37°C with 15% glycerol in 
.1 x HBS, incubated for 12 hin growth medium, then treated or not 
ith 22M CdCl, for an additional 8 h. Cell extracts were prepared 
id CAT enzyme activity assayed as described previously”. 


+ RNA polymerase II transcription factors—whereas the globin 
' portion contains the upstream CAT sequence known to be an 
jal regulatory element for efficient globin gene ne 


ral fusion gene, showed that this promoter is transcribed 
ly but is not inducible by cadmium (Fig. 4). However, 
sted for competition against the MT-CAT indicator 


onverse of this experiment, we used the MT-gal plasmid 
npete against an a-MT- CAT indicator plasmid and again 
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Fig. 3 Competition by deletion mutants and a hybrid promoter, 
Cells were transfected with 5 ug of MT-CAT indicator plasmid. 
0-50 ug of MT- gal or the indicated construct as competitor, and- 
sufficient carrier DNA to give'a total of 105 Bg. CAT enzyme level: 
were quantitated and plotted as described in Fig. 2 legend. Only 
the results for cadmium+induced cells are shown; basal levels were: 
also measured but showed little or no change. 
Methods: In the 5’ deletion mutants (constructed as described i i 
ref. 1), di 5'(n) all the MT 5' flanking sequences between position: 
—2,000 and n are replaced by plasmid DNA and the MT gen 
fused to gal at position +68. In the internal deletion, 1s(—71, 
the MT sequences between positions ~71 and ~34 are rep! 
by a Cla linker and the construct is fused to gal. In the 3’ deletior 
di 3 (m), the MT gene and flanking sequences between position 
+2,000 and m are replaced by plasmid DNA. The 3’ deletions to 
+65 and —15 were also fused to gal to measure transcription level 
in independent experiments. The a-MT- gal construct is indentical 
to the standard MT-gal competitor plasmid except that the M 
5’ flanking sequences between positions —34 and ~—2,000. are 
replaced by a fragment of the human a-globin gene between: 
positions —55 and —409, 


using pBR322-SV40 as competitor and pBR322 as carrier (dat 
not shown). We conclude that the titratable cellular factors are 
specific for MT gene expression and do not represent general 
RNA polymerase II transcription factors. 

To determine the relationship between the DNA sequence 
responsible for titration of the cellular factors and the transer 
tional control sequences of the mouse MT-I gene, we performed. 
competition assays on a series of 5’, 3’ and internal deletio 
mutants. Figure 3 shows the competition curves and Fig. 
summarizes the results obtained from previous transcriptio 
assays' and the present competition experiments. The followin, 
results were obtained: (1) A 5’ deletion of all the upstrean 
flanking DNA to position —151 competed as well as the startin 
gene with 2,000 base pairs (bp) of 5’ flanking DNA. This mutan 
was inducible by cadmium and was transcribed ~40.% 
efficiently as the starting gene. (2) A deletion to position =} 
showed very little competition and further deletions to.—102 or. 
~84 gave no detectable competition in our assay conditions 
(The maximum amount of competitor DNA tested in. thes 
experiments was 50g, 10-fold greater than the amount 
indicator plasmid; higher concentrations of competitor DN; 
gave irreproducible results.) These mutants. were. inducible by 
cadmium but had basal and induced transcription levels only 
1-2 % of that of the starting gene. A further deletion to position 





PROXIMAL 























ODISTAL 
REPEAT REPEAT 
438 5) c 
TGCGCTCGG  TGCGCCCGG 
a k Be P i Cd +d 
\ r b ? settee 
200 Sf 100 YY 
4. ett eh eh MT 133 
7 
TATA 
403 @-giobin 551-34 
MT 16 18 
“154 oa 5 
2198 0.02 03 
61-102) oly 002 02 
a5 84) m 0.01 02 
GE 34) 4 901 O01 
+65 
dig'i +68) Ces 1 9 
3 15 
ai as HEO y 10 
AG -34) i 4 ND NO 
dri S4) | SEEEN PELES EES o PEA ND ND 
ait -71) UND OND 
i 87 
ari -87 a ND ND 
7 34 
ig io 7AM Tra 9.3 4 



















































34 also failed to compete and was not inducible by cadmium. 
(3) The 3’ deletions of the 5’ untranslated and flanking sequences 
ô positions +65 or —15 competed as well as the starting gene 
nd were transcribed normally. A deletion to ~34, which lacks 
ië conserved TATA box region, also competed efficiently. (4) 
her 3’ deletions to positions ~54, ~71 or —87 and an internal 
deletion between positions —34 and ~71 showed partial competi- 
In each case, two- to eightfold more deletion mutant than 
ild-type MT-GAL DNA was required to obtain a given level 
mpetition. Transcription measurements on the internal 
eletion mutant showed that it had a normal level of basal 
xpression but a reduced level of expression in the presence of 
i\dmium. 
These results demonstrate a strong correlation between the 
ympeting DNA sequences and the previously defined distal 
d 4 proximal heavy metal control regions of the mouse MT-I 
1. The distal control region, between positions -151 and 
is essential for both efficient transcription and competition. 
The proximal region, between positions —78 and —15, is a much 
aker transcriptional element and shows no competition in 
r experimental conditions. The failure of this region to com- 
e is interesting because it gives a normal induction ratio for 
scription. Thus it appears that titration of the cellular factor 
epends on the ability of a DNA sequence to promote efficient 
ranscription in the presence of cadmium, not on the ability to 
induced over the basal level. We observed also that the 
roximal region enhances transcription and competition by fac- 
tors of two- to eightfold when present in conjunction with the 
listal region. This may be caused by two regions acting coopera- 
ively or synergistically. For example, weak binding of factors 
n the proximal region could facilitate stronger binding in the 
al region either by protein-protein contacts or by altering 
the secondary or tertiary structure of the DNA helix. 
The distal and proximal contro! regions contain a duplicated 
onanucleotide, present once in the proximal region and once 
n the distal region, that is conserved in human and rat MT 
genes and that has been implicated in heavy metal regulation”? 
> Fig. 4). These repeats flank a G-rich sequence that may 
lay : arole in determining the efficiency of expression. At present 
o not know which, if either, of these sequences is responsible 
mpetition. However, it is clear that the nonanucleotide 
¢ is insufficient as 5‘ deletion mutants retaining one copy 
of this sequence fail to compete. It is also known that the overall 
efficiency of MT-I gene transcription is affected by the sequences 
“at the TATA box, the cap site and the far upstream region'?. 
We show ‘here that these sequences are not responsible for 
titration of the positively acting cellular components. 
<: We observed specific competition for the cellular regulatory 
‘factors only at input DNA concentrations in the range of 5-50 pg 
per 10° cells, giving intracellular copy numbers of more than 
10° total plasmids per cell following transfection and replication. 
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Fig. 4" Relationship between competing DNA. + 
sequences and transcriptional control elements. 

z a, The structure of the mouse MT-I gene 5 
flanking region showing the positions and 
sequences of the repeated nonanucleotide and _ 
the conserved TATA box. b, The structures ‘of 
the various constructs used in competition 

+ experiments. c, Summary of transcription and 

+e competition data. The basal and induced tran- 
scription levels of these mutants were deter- 
mined by galactokinase measurements’ and 

5 nuclease S, mapping of RNA'; the basal level 

4 for the intact promoter is arbitrarily set at 1. 

The competition curves for these mutants are 
shown in Fig. 3. $ 
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However, because the fraction of the molecules actually avail 
able for competition is unknown, we cannot calculate the precise | 
concentration of the regulatory factors. Nevertheless, the high, 
DNA concentrations required, together with the observation” 
that chromosomally amplified MT genes are appropriately ° 
induced by heavy metals’, suggests that there are many active 
regulatory molecules per cell. We have previously shown that 
the mouse MT-I gene is regulated appropriately when intro- 
duced into cells on a replicating viral SV40 vector’, ar «we 
observe here good induction ratios in cells transfected ith 
limited quantities (5 pg per 10° cells) of SV40 plasmid vectors: 
In these experimental conditions the MT control sequences are 
apparently not present in sufficient quantities to titrate the . 
cellular factors. Thus, in using the competition assay t tudy 






“The mouse MT-I gene shows a substantial level of transcrip- | 
tion even when heavy metals are not added to the culture: 
medium. One possible explanation for this is that the ce 
contain some intracellular metal and hence some a 
transcriptional factors. For example, zinc and ‘cop 
inducers of MT synthesis which are also required for'cell growth 
and are present in fetal calf serum in substantial concentrations 
(A. Leone and D.H.H., unpublished results). Alternatively, the 
MT control region may have intrinsic promoter activity even 
in the absence of’ active transcriptional factors. The lack of 
competition for basal transcription at the DNA concentrations 
tested argues for the second of these models. 

The in vivo competition assay described here differs in. several j 
important aspects from the more traditional transcription assays © 
and may be useful for studying the regulation of other cloned 
eukaryotic genes. First, the assay allows the formal differenti- 
ation between positive and negative transcriptional. regulation. 
Second, because competition ‘can be measured independently 
of transcription, specific control sequences can be distinguished 
from general promoter sequences even if they overlap. Finally, 
the assay can be used to determine whether different genes. are 
regulated by distinct or common cellular factors. We observed | 
no competition between MT and SV40 or MT and globin 
promoters, indicating that they depend on different factors 
those described in ref. 4. 

The molecular nature of the MT regulatory. factors is 
unknown. The present work suggests that at least.one class of. 
factors is present in multiple copies and preferentially interacts 
with the MT gene control sequences in metal-stimulated cells. 
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tyrosine protein kinase activity is associated with at least eight 
different retrovirus-encoded onc gene products’ and with cell recep- 
. tors: for epidermal growth factor, platelet-derived growth factor, 
tumour growth factor and insulin?-*, Both the onc kinases and 
the growth factor receptors are membrane proteins whose enzy- 
mai activity has been implicated in stimulation of growth. 
Hoi ivèr, the mechanism by which a signal passes from the plasma 
membrane to the nucleus to initiate growth remains unknown. As 
DNA: topoisomerases catalyse the interconversion of topological 
isomers of DNA and ‘hence affect DNA replication, transcription 
and recombination“, they may be involved also in stimulation of 
growth. Several DNA topoisomerases have been shown to form a 
covalent complex with DNA via a phosphotyrosine linkage”, The 
DNA-protein complex is postulated to be an intermediate in 
-< oreaking and rejoining of DNA. The aim of the present study was 
40 determine whether tyrosine protein kinases modulate the activity 
“of topoisomerases by phosphorylating the tyrosine residue involved 
m DNA binding. We report that incubation of Escherichia coli 
and calf thymus type I DNA topoisomerases with the Rous sarcoma 
oo ‘transforming gene product, pp60°*, and TPK75, a tyrosine 
protein kinase purified from normal rat liver'™'?, results in a 
10-fold loss of topoisomerase activity. 

That an essential tyrosine residue in the active site of 
topoisomerases. acts as a nucleophile is implied by the covalent 
linkage to DNA via a phosphotyrosine bond™'?, Indeed, 
shemical modification of the tyrosine residues in Micrococcus 
tuteus topoisomerase I and DNA gyrase with tetranitromethane 
leads to inactivation of the enzyme”. 

Figure | shows the phosphorylation in vitro by pp60°" of E. 
coli type IDNA topoisomerase (lane 2), M. luteus DNA gyrase 

*, (lane 3) and calf thymus type | (lane 4) and type H (lane 5) 
DNA topoisomerases, and the phosphorylation by TPK75 of 
calf thymus type I (lane 6) and E. coli type I (lane 7) DNA 
topoisomerases. None of the topoisomerase preparations has 
vend genous protein kinase activity in the condition used here. 

of DNA gyrase (Fig. 1, lane 3), which exhibits the 

DNA breaking-rejoining activity, was phosphorylated to a much 

greater extent than.subunit B, which possesses the ATPase 
activity. Examination. -Of the pattern obtained by SDS-gel elec- 
ophoresis of the topoisomerases revealed that E. coli DNA 
 poisomerase | and DNA: gyrase are homogeneous. The only 
“and visible by staining in the calf thymus topoisomerase | 
greparation has a relative molecular mass (M,) of 85,000 (85K) 
‘while that-of the calf thymus topoisomerase II is 98K. Bands 














































Fig. 1 Autoradiogram of a SDS-polyacrylamide gel showing the’ 
in vitro phosphorylation of DNA topoisomerases by tyrosine pro- 
tein kinases. Lane 1, pp60°°; 2, pp60S+ E. coli type | DNA 
topoisomerase; 3, pp60° + M. luteus DNA gyrase; 4; pp60" + calf > 
thymus type I DNA topoisomerase; 5, pp60°+ calf thymus type 
If DNA topoisomerase; 6, TPK75+calf thymus type L DNA ` 
topoisomerase; 7, TPK75+ E. coli type I DNA topoisomerase. In 
each lane, the topoisomerase corresponds to the band of highest © 
molecular weight. The calf thymus DNA topoisomerases used were 
slightly degraded. Some smaller polypeptides were phosphorylated 
together with the major ones. ‘ 
Methods: Each reaction mixture (10-25 wl) contained 2-5 pl of 
either purified pp60°° (0.01 unit in 10 pl, 1 unit being the amount. 
required to transfer 1 pmol of phosphate per min at 30°C ini 
[Val ]angiotensin peptide*) from Rous sarcoma virus- -transforme ; 
rat fibroblast cells, or partially purified TPK75 from rat liver (both: 
preparations were free of cyclic AMP-dependent kinase activity); 
10mM Tris pH 6.8, 3mM MnCl, 0.05% 2-mercaptoethanol, 
10 pCi [y- P]ATP (3, 000 Cimmol™') and | yg DNA topoiso- 
merase. After incubation at.30°C for 30 min, the proteins were 
precipitated with trichloroacetic acid and analysed by- elec- 
trophoresis in a 6% SDS- polyacrylamide gel. E. coli type 1 DNA 
topoisomerase was given by Dr J. C. Wang, and calf thymus'type 
I and type II DNA topoisomerases by Dr L. F. Liu. A sample 
calf thymus type I DNA topoisomerase was also purchased from 
BRL, together with M. luteus DNA gyrase. 
















































analysed by thin-layer electrophoresis and chromatography’ 
all cases phosphorylated residues were found to be tyrosin 
(data not shown). i 

We next examined the effect of phosphorylation on 
topoisomerase activity. After incubation of E. coli type T DNA 
topoisomerase with pp60°* and a millimolar amount. of AT. 
the enzyme was diluted and assayed for its ability to relax 
supercoiled pUC8 plasmid DNA. Figure 2 (lanes 1, 3) shows 
that phosphorylation of the enzyme resulted in the loss of >90% 
of E. coli type I DNA topoisomerase activity; a similar loss of 
enzyme activity was seen following incubation of calf ‘thymus 
type I DNA topoisomerase with TPK75 (Fig. 2, compare lanes 
7 and 8 with 10 and 11). In separate experiments, we demon 
strated that the tyrosine protein kinases had no effect on DNA. 
superhelicity and that incubation of the type I topoisomerases 
with cyclic AMP-dependent protein kinases from beef heart and 
rabbit muscle (Sigma) did not result in phosphorylation of the 
topoisomerases or loss of topoisomerase activity. 

We attempted to determine the effect of phosphorylation on 
the type II topoisomerase activities, but these were much less 
stable than the type I topoisomerase activities in conditions that 
were optimal for protein kinase activity. Therefore, even in the. 
control samples without the protein kinase, the type 1 
topoisomerase activities were lost rapidly, making it difficult to 
evaluate the effect of phosphorylation. 

To the best of our knowledge, this represents the first 
demonstration of modulation of an enzymatic activity other tha 
that of protein kinase via in vitro phosphorylation of tyrosin 
residues of the enzyme. The biological significance of this reac- 
tion is presently unknown. Loss of bacterial type I DNA. 
topoisomerase activity in vivo results in more highly negatively ` 
supercoiled DNA. Recent studies on chromatin assembly in 
Xenopus oocytes indicate that in eukaryotes, DNA supercoiling 














sources can be modified in vitro by AAEN of a serine = 
residue”, or by poly(ADP) ribosylation™. It remains to be 







































































Fig. 2 Agarose gel electrophoresis of plasmid DNA, showing the 
effect of tyrosine protein kinases on the activity of type I DNA 
topoisomerases. The following were added to samples of super- 
“-goiled DNA: lane 1, 20ng and lane 2, 2ng of E. coli DNA 
“topoisomerase I incubated without pp60°"; lanes 3-5, 200, 20 and 
2ng respectively of E. coli DNA topoisomerase ! incubated with 
ppo; lanes 6-8, 1, 0.1 and 0.01 units respectively of calf thymus 
DNA topoisomerase | incubated without TPK75; lanes 9-11, 1, 
0.1: and.0.01 unit respectively of calf thymus DNA topoisomerase 
heubated with TPK75; lane 12, no topoisomerase. 

lethods: Topoisomerase and protein kinase were incubated for 
60 min in conditions described in Fig. 1 legend, except that 1 mM 
p was used instead of [y- P]ATP. The topoisomerase was then 
diluted and assayed. The reaction mixture for E coli DNA 
topoisomerase I contained 50 mM NaCl, 10 mM Tris-HCl pH 7.5, 
100 pgm”! gelatin, 6 mM MgCl, and 0.5 pg of supercoiled pUC8 
plasmid DNA. The reaction mixture for calf thymus DNA 
lopoisomerase I contained [50mM NaCl, 20 mM Tris-HCI pH 8, 
100g ml"! gelatin, 1 mM EDTA and 0.5 wg of supercoiled plas- 
mid DNA. After incubation at 37 °C for 30 min, the reaction was 
topped by adding 1% SDS, and the mixture analysed by elec- 
trophoresis on a 0.8% agarose gel. 







ad chromatin assembly are probably coupled in vivo'*. The 
egree. of DNA supercoiling in transcriptionally active 
matin is probably controlled by balancing the relaxing 
ivity of DNA topoisomerase I and the supercoiling activity 
‘gyrase’ consisting of DNA topoisomerase I] coupled with 
nd unknown factor(s). A correlation between the prolifer- 
on state-of eukaryotic cells and DNA superhelicity has been 
served by several investigators'®'*®, When the rate of cell 
growth is high, DNA is more negatively supercoiled, and vice 
y ratt; there is no clear explanation for this alteration of 
supercoiling. Postsynthetic modification of topoisomerases may 
represent one possible mechanism of regulating cellular prolifer- 
ation. The products of retroviral oncogenes, including several 
jembrane- associated tyrosine protein kinases’, and mem- 
aneé-associated growth factor receptor tyrosine protein kinases 
(such as that for epidermal growth factor) share the ability to 
timulate growth, possibly through common mechanisms. Such 
stimulation of growth must involve activation of replicative 
rocesses and increased levels of transcription and translation. 
It will be of interest to determine whether retroviral- or cellular- 
encoded protein kinases affect topoisomerases either by direct 
eraction or through. another tyrosine protein kinase that 
huttles from the plasma membrane to the nucleus, transmitting 
rowth signal. For example, it is known that the binding of 
pidermal growth factor to the plasma membrane results in the 
ternalization of a portion of the receptor molecule”’”'. 
We propose that the receptor kinase might affect growth 
“processes by either migrating to the nucleus and directly phos- 
phorylating. a topoisomerase, or by phosphorylating another 
«kinase which in turn passes to the nucleus and phosphorylates 
a topoisomerase. The same possibilities exist for growth signal 
transmission by plasma membrane-associated viral tyrosine 
kinases. However, the activity of such kinases should be 
independent of an external growth signal. Although there exist 
no data indicating that viral tyrosine kinases are internalized, 


determined which, if any, of these reactions is important int 
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Errata 


Unusual abundance of glyceraldehyde 
3-phosphate dehydrogenase 
pseudogenes in vertebrate genomes 





M. Piechaczyk, J. M. Blanchard, S. Riaad-el Subn, c Dani, a 
L. Marty & P. Jeanteur* ; 
Nature 312, 469-471 (1984) 

IN the issue of 29 November the above letter appeared. with an 
incorrect title. 


Modelling the global climate response to orbital; 
forcing and atmospheric carbon dioxide changes 


N. G. Pisias & N. J. Shackleton 
Nature 310, 757-759 (1984) 
THE legend to Fig. I was incorrect and should read: 


Fig. 1 Linear variance spectra for a, solar insolation at:65° N in 
June; b, the benthic oxygen isotope record from core: V19-302:c, 
the simulated ice volume from the simple ice sheet model of Imbrie 
and Imbrie®: and d, for the time derivative of the benthic oxygens. © 
isotope record from core V19-30. All spectral calculations are fi 
326 data points spanning the last 340 kyr. Bandwidth show. 
spectral calculations from 120 points of the sample auto-cove 
functions. Important periods associated with orbital parameter 
are labelled. f 
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-By Paul Davies. 


Superforce: The Search for a Grand Unified Theory of Nature. 


Simon & Schuster/Heinemann: 1984. Pp.255. $16.95, £12.95. 





Like many compelling images, it may turn out to 
be a mirage, but for the first time in the history 
of science we can form a conception of what a 
complete scientific theory of the world will look 
like. Paul Davies in Superforce. 


THERE is no question but that there has 
been a transformation, during the past 
decade, in our understanding of the in- 
animate. physical Universe — a ‘‘quan- 
tum’? jump of the type which from time to 
time takes place in the history of science. It 
is this leap in. knowledge that Paul Davies 
sets Out to describe in his latest book. 

- Some eleven years ago, around 1973, the 
situation was this: we had just begun to 
d ve that all matter in the Universe was 
- made from quarks and leptons (electrons, 
“muons and neutrinos). We believed then 
that there were four distinct forces con- 
trolling all interactions of matter — the 
al force of gravity; the force of 



















tween quarks, and the weak 
ear force, between left-spinning 
and leptons. So far as the cosmo- 
structure of the Universe was con- 
ed, observations supported a ‘‘stan- 
d? model of an expanding Universe; 
‘model stipulated a Universe beginning 
‘ith a mysterious big bang. We could trace 
orderly evolution of the Universe — the 
mand emergence of the familiar 
atoms, Stars and galaxies — with an 
epoch starting one-hundredth of a second 
‘afler time began. But the earlier history was 
unknown. ; 

: The transformation: which has. taken 
“placé since that time lies primarily in the 
understanding of the nature of the four 
forces anda comprehension of the earliest 
history of the Universe, We believe today 
that the primary agents responsible for the 
four fundamental forces are the so-called 

“gauge particles”. The prototype gauge 
particle is the quantum of light — the 
fon — which is the “‘gauge messenger” 
= eof electromagnetism. During 
_ the past ten years, there has been experi- 
mental confirmation of the existence of 
qauge particles responsible for the strong 
uclear force between quarks, and, even 
ore dramatically, the discovery —in 1983 
of the gauge particles of the weak 
tear forces, the so-called Ws and the Z. 
ven more important than the unveiling 
these Sbiects has been the experimental 
nfirmation of atheory, first proposed in 
1967, that the two seemingly distinct forces 
electromagnetism and the weak nuclear 





















force — share a common origin and are in- 
deed aspects of a single unified force, the 
electroweak force. The clearest manifest- 
ation of this unification would need tem- 
peratures of the order of 10'6K or the labo- 
ratory provision of accelerator energies in 
excess of 100 Gev. Such an accelerator was 
built at CERN in Geneva in 1982 and the 
Ws and the Zs were duly created last year, 
with their theoretically predicted masses, in 
proton-anti-proton collisions. 

So far as the history of the early Universe 
is concerned, we now believe that there was 
an epoch — lasting up to 107's after time 
began — when temperatures in excess of 
10'6K did obtain. During this epoch the Ws 
and the Zs shared with the photon astate of 
masslessness. A phase transition took place 
when temperatures fell below 10!°K, 
concomitant with the expansion of the 
Universe and its cooling. It was this phase 
transformation which was responsible for 
producing the distinction between 
electromagnetism and the weak nuclear 
force which we observe today. Before this 
epoch there was no distinction. With 
electroweak unification, we have thus 
pushed back the known life span of the 
early Universe by ten orders of magnitude. 

So much for what is established and non- 
speculative in the current thinking. With 
the success of these ideas however, the 
question arose: are the other two forces, 
the strong nuclear and the gravitational, 
also united with the electroweak? Are we 
dealing in the end with just one force? 
Twelve years ago, speculation began on 
this subject. As regards the unification of 
the strong nuclear force with the electro- 
weak, an attractive version of such a 
“grand” unification suggested that per- 
haps another phase transformation did 
take place some 10-'s after time began. 
This would extend our knowledge of the 
early Universe by another 20 orders of 
magnitude in time. 

One hard consequence of such a second 
unification would be the prediction of the 
instability of the proton, which in this 
picture would have a half-life of the order 
of 1078s. Experimental confirmation of this 
decay has been sought but not yet con- 
clusively demonstrated. Yet, a phase tran- 
sition of the type implied in this ‘‘grand 
unification’’ is not to be abandoned 
lightly, for this gives the best explanation 
of the otherwise mysterious predominance 
of matter over anti-matter as observed in 
the Universe today. Thus the search for 
proton decay is still on, and will remain so. 

In a finely written book, Paul Davies 





| ciated phase transitions in the earlies 





takes us through all of these development 
He starts ab initio, assuming no pri 
knowledge of quantum theory or relativity 
theory, and gives a lucid exposition of th 
two earlier revolutions in our thinking. He 
then discusses the unification ideas I hai 
mentioned above, and the relevance of tl 
phase transitions in the early history of th 
expanding Universe, before moving ont 
the ideas currently occupying the centre of 
the theoretical stage which attempt to in- 
clude the fourth force — gravity — in the 
scenario. Naturally, these ideas are highly 
speculative in nature. Among themi is 
postulate of a new type of symmetry 
so-called supersymmetry — combined s 
a postulate of extra dimensions öf space, i 
what is known as the Kaluza~Klein fram 
work. The synthesis of these two ideas gi 
rise to a discussion of the ‘“‘superforce’ 
the book’s title, a concept which draw 
together supermatter (quarks, lepton: 
gauge particles and their superpartn 
into one unified whole with the: force a 
supergravity (described by gravitons 
their speculated superpartners, i 
gravitinos). The theory is not yet’ in an 
final shape, but it possesses a beguiling 
aesthetic attractiveness, particularly when. 
formulated in 11 dimensions. 
Davies also gives an account of the asso- 


















































history of the Universe, including the 
recent ideas of its rapid inflation 
expansion and the possible origin of i 
Universe as a ‘‘quantum fluctuation”™:0 
the vacuum, out of ‘‘nothingness’’, <7 

This is new, heady stuff, professi mall: 
and accurately rendered. However; 
have one criticism of this eminently rea 
able book, it is this. In the final pa 
does not get the impression that the aut 10 
is writing about material which is so hi 
speculative. The criticism applies also to 
comment in the penultimate chapter: 
The idea that non-causal, holistic order exist: 
the universe by no means originated wit 
modern physics. Astrology, for example, i is 
attempt to discern a cosmic order in which the. 
affairs of human beings are reflected in; the. 
organization of the heavens. The psychoanalyst. 
Carl Jung and the quantum physicist Wolfg: 
Pauli proposed a non-causal connectin 
principle which they called synchronicity, The 
compiled evidence for a sort of pervasive.orde 
in which apparently independent events oc¢ 
conjunction in a meaningful way. Typic 
such events are documented instances of ext 
ordinary coincidences, well beyond the expe 
ations of chance, 


There are insufficient cautiona! 
warnings to the reader that such thinkin 
— about astrology and ‘‘coincidences’” 
is not the staple of physics. But this apa 
unquestionably, Paul Davies has esta 
lished himself as one of the most felicitous 
writers on physics at the frontier. a 





Abdus Salam is Director of the International. 
Centre for Theoretical Physics, Trieste, and g 
Professor in the Department of Physics dt 
Imperial College, University of London, 










Outside eye on the 
hominid beat 
Leonard Krishtalka 


Human Evolution: An Hlustrated 

~ Introduction. 

= By Roger Lewin. 

flackwell Scientific/ W.H. Freeman: 
84. Pp.104, Hbk $22.36; pbk £6.80, 
4.95. 



















C PALAEOANTHROPOLOGY is familiar terrain 
to Roger Lewin. With Richard Leakey, he 
: wrote Origins and Péople of the Lake, and 
“he regularly covers the hominid beat, 
among other subjects, for Science. Not 
“surprisingly, Human Evolution: An Illu- 
strated Introduction is a testament to 
Lewin’s expertise at science journalism. 
The writing is deft, the science lucid and the 
attitude no-nonsense. 
il of the main characters in palaeo- 
hropology are here — Aegyptopithe- 
is, Ramapithecus, Sivapithecus, the 
ustralopithecines and Homo — along 
with the basic plot: the origin and evolution 
of hominids, bipedalism, large brain size, 
tool technology and social structures. 
Lewin ties the fossil record, morphology 
and, as appropriate, the archaeology of the 
‘various taxa to reconstructions of their evo- 
ionary relationships, palaeoecology and 
ural adaptations. This core informa- 
on occupies only 70 or so of the 99 pages. 
‘he remainder are devoted to first prin- 
es and to the auxiliary disciplines that 
pinge on hominid palaeontology: high- 
lights of the evolution of life on Earth; 
mate origins, diversification and disper- 









































How green was the 
‘Devonian valley? 














Keith Allen 


Plant Life in the Devonian. 

_By Patricia G. Gensel and Henry N. 
Andrews. 

raeger: 1984, Pp.380. $29.95, £32.95. 















WITHIN palaeobotany, three areas of 
major and exciting evolutionary change 
an be distinguished. First, the origin and 
arly evolution of life in the Precambrian; 
ondly, the rise of vascular land plants in 
he Upper Silurian and Devonian; and 
irdly the origin and evolution of the 
angiosperms in the Lower Cretaceous. 

“In 1921 E.A. Newell Arber wrote a small 
book. on Devonian floras. Arber’s work 
supported the growing concept that 
. Devonian land plants included the most 
= primitive of vascular plants, and that this 
“system was one of great evolutionary 
change, thereby encouraging an increasing 
number of research workers to study the 





eogene climat g 1 
tionary theory; molecular-based phylo- 
genies; taphonomy; ecological theory and 
more. Lewin also steers a clear and even- 
handed course through such contentious 
issues as phyletic gradualism versus pune- 
tuated equilibrium, molecular versus 
palaeontological divergence clocks, the 
status of Australopithecus afarensis, socio- 
biology and so on. 

This is not a personal work. Lewin is the 
journalist throughout, reporting the con- 
sensus and disagreements, and deferring in, 
most instances to the conclusions of the 
principal investigators in each field. And 
the presentation is balanced; comprehen- 
sive yet concise, not overly technical for the 
general reader yet meaty enough for most 
students of human origins. The index is 
detailed and the selected bibliography ade- 
quate. 

My one quibble concerns the illustra- 
tions. They complement and supplement 
the text, but curiously are not numbered; 
nowhere are they tied to the written 
material. Although most of the figures ap- 
pear near the appropriate text, the usual in- 
text references to figure so and so would 
have been helpful. Also, a few of the figure 
captions could be more explanatory, 
especially for those illustrations taken from 
technical research papers. 

Over the past few years palaeoanthro- 
pology has matured into a vigorous multi- 
disciplinary science. Lewin’s Human 
Evolution is a concise primer on the subject 
which a wide variety of readers will find 
rewarding. 1 





Leonard Krishtalka is Associate Curator in the 
Section of Vertebrate Fossils, Carnegie 
Museum of Natural History, Pittsburgh, Penn- 
sylvania. 





Devonian. All the ensuing activity was 
reflected in the enormous increase in 
species described, particularly during the 
past 25 years. But while books have 
appeared recently on both Precambrian 
life and angiosperm origins, one or two 
brief summaries apart there has been 
nothing on Devonian floras. This new 
volume by Gensel and Andrews partly 
satisfies the need for a detailed account of 
the subject. 

Viewing the book as an entity, it seems 
to me that the authors couldn’t decide 
whether to make it a monograph (though 
they indicate that it isn’t) or a more general 
work. Much of the book (pp.36-314) con- 
tains good, readable descriptions in partial 
monographic form of selected species, to- 
gether with discussions of heterospory and 
early seeds, and more general comments. 
An early chapter reviews pre-Devonian 
plants, particularly the microfloral evi- 
dence from the Upper Ordovician and 
Silurian, and later chapters briefly discuss 
palynology and Devonian floras. 

In a volume which is assembled from 
sifting through an enormous number of 
papers there is bound to be some lack of 















floras have been recorded: from the Sovi 
Union since the 1950s, and. there. ha: 
recently been considerable interest i 
China. The resulting descriptions. 
usually brief, but in some instances: mor. 
could have been added at least for floris 
comparisons; for example, no mention, 
made of the important genus A 
aeopteris occurring in China. Also, 
my opinion the authors have not. plac 
enough importance on dispersed spores ix 
the interpretation of Devonian floras 
Reference is made to them only in passing 
in the discussion of heterospory, and in the 
in situ spore studies, yet the sculpture and 
construction in certain dispersed spores 
can confidently be used to give further 
information on age and geographic distri- 
butions of floras. Similarly, the section. o’ 
Devonian floras is too short with the 
Middle Devonian landscape restricted to 
less than a page. 

There are other points worth question 
ing. The authors refer to Cooksonia as th 
only undoubted vascular plant found i 
Late Silurian, but the evidence is not con 
clusive that Cooksonia is a vascular plan 
































include within the vascular family Rhyni 
aceae, though earlier they mention it within 
the possible vascular plants. Why, one 
wonders, aren’t Rhynia gwynne-vaughanii 
and Rhynia major given separate treat- 
ment, rather than being lumped under 
Rhynia, for the “xylem” of R. major is 
clearly very different from that. in R 
gwynne-vaughanii? Baragwanathia long 
folia is included in the section on Lowe 
and Middle Devonian fossils, whe 
evidence now suggests that the lo: 
Baragwanathia horizon is Upper Siluria 
(to be fair, this latest dating may have bee; 
published after the book went to press). | 
would, too, have been preferable for th 
descriptions of the rhyniophytes toch 
preceded rather than followed the trimeru. 
phytes; after all, they are less complex, an 
it seems likely that they gave rise to the 
trimerophytes. Finally, Lam not convinced 
that a-book on. Devonian floras. should 
include a detailed account of selected 
Lower Carboniferous seeds. 

In this review I have concentrated on the 
shortcomings of the book, but, all in all, 



























tie will doubtless be the mai 
though palaeobotanists and tax 
will be pleased to own a personal copy. 
the next edition the authors might cons 
including more information on palaeoeg 
ogy, floras and evolutionary trend 
would broaden the potential re 
include third-year undergraduat 


Keith Alien is Senior Lecturer in Botany at 
University of Bristol. 











he Great Inertia: Scierftific Stagnation 
in. Traditional China. 
By. Wen-yuan Qian. 

room. Helm: 1984. Pp. 155. £15.95, $24. 





R QIAN is a theoretical physicist who left 
Peoples’ Republic of China in 1980 
-er considerable personal suffering dur- 
'g the Cultural Revolution. He is now 
}pparently a permanent exile in the United 
states, although his wife and daughter are 
tillin China. He has changed disciplines as 
Fas countries: in 1983 he completed an 
f MA in history at Northwestern University, 
and he is now working for a PhD at the 
‘University of Michigan. As Qian himself 
makes plain, such personal details are not 
*orglevant to.a judgement on his work. 
Qian’ s book is conceived in the form of 
ittack: on what he takes to be‘basic 


ast heard of Needham’s huge pioneering 
Tady of pre-modern Chinese science, jech- 


ivilisation in China, published by 
pas University Press since 1954, 


; f which eleven have so far 
appeared.) Qian mounts his attack in three 
essays: which make up the bulk of his book. 
The first of these argues that the physical 
sciences in traditional China remained ina 
state of “stagnation”, The second suggests 
that social factors such as the high degree 

f ideological control in China, ancient 
and modern, were responsible for the fail- 
ure to develop modern science indepen- 

ently in the past, as well as for the failure 

i- make adequate use of it in the present 

ay. The final essay, written from the point 
view of a thorough-going mechanicist 

»ductionism, attacks Needham’s view that 
ne Whiteheadian organicism which he 

hlieves to be inherent in Chinese thought 
epresents a possible way forward for 
v inodern science. 

~ Qian’s arguments are presented with 
clarity of expression and the polemical 
vigour which comes from deep personal 
involvement. He is passionately in earnest 











a when he points to the factors which he | f 


believes have held back China in the past 
and continue to hold her back today, and 
the whole book is imbued with his sense of 
relief at being in an environment where he 
is free to speak his mind. I cannot however 
commend this short book as a significant 
contribution to scholarship. Qian’s three 
essays try to settle some very broad issues in 
the history of science and society in East 
and West. For such attempts to be worth 
reading, it is essential for their author to 
base his generalizations on a solid founda- 
tion of first-hand knowledge of the full 
complexities of the historical evidence. 
Such an acquaintance usually induces a 
modest. tentativeness in coming to con- 
clusions. Qian however is cocksure and 
dogmatic throughout: all the important 
questions are simple and he has found the 
answers to them. Ironically, what he does 
know about Chinese science seems to have 
been drawn in its totality from a study of a 
few of Needham’s published volumes. 
With disarming frankness (p. 19) Qian tells 
us that he wrote the second essay of his trio 
before commencing even this very partial 
exploration. Qian calls his technique of 
confident seat-of-the-pants generalization 
“‘macrohistory’’, I am afraid it reminds me 
of what Jonathan Swift called ‘“‘the art of 
being deep learned and shallow read”. 
The root of Qian’s problem is that he 
seems to believe that to be a modern 
Chinese trained in modern science is ample 
qualification for writing on the history of 
Chinese science and society over the past 
three thousand years, For comparison, 
how seriously would we take the work of a 
modern Greek theoretical physicist who 
published a rapid review of the cosmology 
of Aristotle? Qian is simply not going to 
make any impact on the audience he seeks 
to influence, which is presumably the small 
but growing group of scholars who study 
Chinese science from the original source 
material. His background may be some 
excuse for being out of touch, but there is 
no excuse for those who have encouraged 
him into such damagingly premature 


ae 


publication. G 


Christopher Cullen is a former Research Fellow 
of Clare Hall, Cambridge, and has published 
mainly in the field of ancient Chinese astronomy 
and mathematics. At present he is Head of 
Physics at Highgate School, London. 


Patterns of agriculture — colour stripping of farmland in Lancaster County, Pennsylvania. The 





picture is reproduced from Landprints, by Walter Sullivan, recently published by Times Books New 
York (price $22.50), The book will be reviewed in Nature at a later date. 





New HPLC 

columns 
for protein 
separations 


Bio-Rad now offers protein chemists 

a choice of five complementary HPLC 
columns to provide better characterization 
of proteins and peptides. These five 

new columns are (1) high performance 
Bio-Sil gel filtration (2) Hi-Pore™ reverse 
phase, (3) high speed DEAE and SP ion 
exchange (4) high performance hydroxyl- 
apatite, and (5) Bio-Gel” TSK Phenyl-5 
PW HPLC column for hydrophobic. HPLC. 
Shown here is a protein separation using 
the phenyl column. Note that only is 
a salt gradient is required. 


All of these columns let you take advan- ` 
tage of the speed and resolution of HPLC 
for analytical, semi-preparative, and 
preparative work. For complete details, 
request copies of Liquid Chrommatographer 
No. 8 and No. 9. They show how a com: 
bination of columns can reveal a wealth ° 
of “hidden” information in your protein 
samples. 





Hydrophobic 
HPLC 


Conditions 
Column: Bio-Gel TSK Phenyl-SPW 
75x7.5em 
Sample: Protein Standard 
Eluant: A. 1.7 M(NH,) SO,. 
01 M NaPO, pH 70 
B. 01 MNaPO,. pH 70 
0-100% B. linear gradient. 
Flow Rate: 1.0 mimin, 
Detection: UV at 280 nm 


1 = Cytochrome ¢ 
2= Myoglobin 
3 = Lysozyme 


Bio-Rad Laboratories 
2200 Wright Avenue 

Richmond, CA 94804 
(418) 234-4130 
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Past and Present Vegetation of the Far 
Northwest of Canada. 

_ By LC. Ritchie. 

University of Toronto Press: 1984. 
Pp.251. $35, £29, 75. 













| THE most remote.corner of Canada, the far 
| Northwest, may seem an unlikely setting 
for a book about vegetational history. But, 
as Jim Ritchie points out in his intro- 
duction, there are several very good 
reasons why it should be regarded as a 
source of interest. Inthe first place there is 
ial history; rather surprisingly much 
has escaped major glaciation, 
the past half-million years, so 
we might. well expect long, undisturbed 
profiles of stratified sediments to have ac- 
e. Then there is the fact that 
n forms the eastern edge of 
Beringia — the last terrestrial point of con- 
nthe. Old World and the New 
tare: now the Bering Straits. 



















gins by setting the physical and 
ne for the palaeovegetation 








g@ environments of the Northwest which 
ylt from the gradient between the 
tinental-subarctic climate with early 
springs in the south, and the arctic-coastal 
climate with late springs in the north. But 
the data presented here are not always easy 
to. appreciate simply because there is no 
map of the locations named. Lack of amap 
also makes it difficult to interpret some of 
the intriguing periglacial geomorphology 
of the region. Take pingos, for example. 
“How does their distribution relate to the 
. limits of glaciation? Are they located only 
‘on unglaciated terrain? 
“2A very helpful map of the major vege- 
‘tation zones is supplied covering not only 
the Northwest, but also Alaska and eastern 
Siberia, and is supplemented by outline 
descriptions of the vegetation types of the 
rea, Detailed lists and phytosociological 
analyses are given in appendices. 
<. But-the main part of the book is given 
tothe history of vegetation and recon- 
struction of palaeoenvironments, starting 
m Tertiary times but concentrating 
pon the Quaternary. Much of the Tertiary 
„data, which must by now be available as a 
result of oil exploration, is still hidden from 
the public gaze and scientific scrutiny. 

In view of the unglaciated nature of 
+ much of the Northwest terrain, one might 
> hope for long cores of sediment recording 
* Quaternary vegetation history; sadly, this 
, not the case. Ancient sediments, perhaps 

dating back about 700,000 years, have been 








































found in river-bank exposures but‘no.con- | problems: deseri ed 
tinuous core has yet been obtained. together in a-g per | 
The last 13,000 years are very well | environmental ‘hist 
documented from many sites, largely asa | approach resis. j i 
result of Ritchie’s own work, and the | tages of a fulla 
results not only provide a picture of the 
changing vegetation of the Northwest, but | area, together with the salutary lesson 
also illustrate many of the problems | be gained from the practical problems € | 
currently facing palaeoecologists. How do | countered in the process. The latter poi 
we interpret pollen assemblages for which | will make the book valuable evento palaed 
there is apparently no modern analogue? | ecologists whose research interests are fg 
What are the relative merits and limitations | removed from the remote Northwest. | 
of percentage and influx diagrams? What : 
interpretive allowances must be made for... Peter D. Moore is Reader in Ecology in thy 
the size of sampling site? Department of Plant Sciences, King’s Colle 

The mass of data and the wealth of | University of London. 















































Fresh fusion ip t3 ! is a deeply satisfying book, “full of insigh 


and with a very happy choice of materi, 





: for a first course in plasma physics. Th 
LH. Hutchinson serious student will want to go. 


` this is å good place to start. 
Introduction to Plasma Physics and The question “why” is more 


Controlled Fusion, 2nd Edn. wet for Weston M. Stacey’s Fusior 
Vol. 1 Plasma Physics. Neither the subtitle, An Introduction to 


By Francis F. Chen. Ph 
ysics and Technology of Magneti 
Plenum: 1984. Pp. 421. $24.50, £23.28. | finement Fusion, nor the preface are ¢ 


Fusion: An Introduction to the Physics much help. The first 
and Technology of Magnetic re an overview of 


: A p! 
ETE E j of magnetic confinement. Most of 
; : Mies material, including 18 of the figures, - 
Wiley: 1984, Pp. 260. $39.95, £46.20. abstracted from Stacey’s Fusion Plasm 
: Analysis which appeared only three yea 
WHEN an author publishes a second book | ago. Whatever the merits of the earlie: 
covering a specialized scientific topic, asis | book, abbreviating the mater or th 
the case for both books reviewed here, the | present work has resulted in a distinct 
immediate question that springs to mind is light-weight treatment. Suċh an introdu 
“why?”, What is the relationship of the | tion is perhaps appropriate for a no 
new book to his earlier one? In the case of | specialist student; certainly the textis ea: 
Francis F. Chen’s Introduction to Plasma | to read; but unfortunately it is hard t 
Physics and Controlled Fusion the answer | escape the feeling that simplification h 
is straightforward: in this second edition of | led to superficiality. i 
a work originally published in 1974, he The latter half of the book consists of a 
plans an expansion of the fusion section | introduction to the engineering and tec 
into a complete volume, the plasma physics | nology involved in fusion reactor design 
now also taking an entire book. We shall | Of great merit here is the wealth of physict 
await the appearance of that second | data included in the form of tables any 
volume with interest; meanwhile the | graphs, which lend a valuable tone e 
present book, apart from some correc- | solidity to the engineering issues. ‘Sectio 
tions, valuable additions to the chapter on | on nuclear activation and tritium breedir 
nonlinear effects, and a change to SI units, | and handling are particularly welcome. B 
deviates very little from its predecessor. | again the brevity of the treatment and the 
This is perfectly justifiable since Chen’s | frequent lack of a proper explanation s 
book has become widely accepted as an | the quantities under discussion leaves th 
excellent introductory text in plasma | reader uncertain of the rigour of any 
physics. Its emphasis on intuitive under- | conclusions. 
standing and the copious sketches and For someone wanting to become broadly 
diagrams help to make it truly accessible to | acquainted with the various aspects of, 
undergraduates in both physics and | fusion research, Stacey’s book offer: 
engineering. readable introduction. But it is not o 
The author’s objective of including | which lays a particularly firm 
where possible all algebraic steps in the | foundation for detailed research in 4 
development is achieved with surprisingly | field. wes 
few tedious sections; however, sometimes un A 
this principle leads him to omit the | rhe Department of Nuclear Engineering at 
derivation entirely when an outline would | Massachusetts institute of Technology, 
have been helpful. It is hard for the student 
to rectify this failing using other SOUFCeS | @ Also recently published by Wiley is Fi 
because the references are limited mostlyto | Energy, by Robert A. Gross, a graduate- 
papers whose results are included in figures | introduction to the principles behind fw 
in the book. Such minor points apart, this | science and technology. Price is $41.95, £42 










































































































